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MORE CONVENIENCE 


New pre-blended Ampholine” carrier 
ampholytes for electrofocusing are 
available in three narrow and one 
wide pH range. Now there’s no need 
to spend time mixing to achieve these 
specific ranges. Just select the pre- 
blended Ampholine you need (pH 2.5 
to 4.5, 4.0 to 6.5, 5.0 to 8.0 and 3.5 to 
9.5). They're designed to give the 
same linear, virtually drift-free pH 
gradient achieved using standard 
Ampholine with LKB Agarose-EF or 
acrylamide gels. 
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MORE POWER 


The new Model 2197 Power Supply 
for electrofocusing and electrophore- 
sis offers top-of-the-line features at a 
very affordable price. The Model 2197 
delivers up to 2500V for high-resolu- 
tion electrofocusing and its 250mA 
output makes it useful for other elec- 
trophoretic techniques. Choose con- 
stant power/constant voltage/cons- 
tant current/time control modes to 
suit your application. Automatic 
crossover between running modes 
compensates for varying gel condi- 
tions. Built-in timer with alarm and 
automatic shutoff allows for time con- 
trol. With accurate control of four pa- 
rameters, you can achieve maximum 
resolution and reproducibility in all 
your electrofocusing and elec- 
trophoresis experiments. Bright LED 
display lets you monitor performance 
easily and the Model 2197 is designed 
to comply with all relevant safety 
standards. 
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MORE ECONOMY 


LKB’s new capillary gel casting sys- 
tem easily produces gels only one 
quarter the thickness of standard 
ones. You save substantially on 
reagent use and you'll be able to em- 
ploy higher voltage for decreased run 
times because the new thinner gels 
dissipate heat more efficiently. The 
capillary gel casting kit works with 
agarose and acrylamide gels. Com- 
bine it with the new pre-blended 
Ampholine and the 2500 volt power 
supply to significantly reduce your 
run times while cutting costs. Ask 
your local LKB representative for 
more information on these new prod- 
ucts and the complete line of LKB in- 
struments and consumables. Depend 
on the leader in electrofocusing to 
give you more. 
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Head office: 

LKB Produkter AB 

Box 305 

S-161 26 Bromma, Sweden 
Tel, 08/98 00 40, telex 10492 


UK sales office: 

LEB Instruments. Ltd. 

| 232 Addington Road 
South Croydon, Surrey CR2Z8YD 
England 


Other sales offices in: 
Athens (for the Middle Fast), 
Copenhagen, Ghent, 

The Hague, Hong Kong, 
London, Munich, Paris, 
Rome, Turku, Vienna 


Circle No. 20 on 
Reader Enquiry Card. 
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Open row about joint space project: European space agency 


plans protest 3 
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European fusion: JET’sambition 4 
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Soviet research: More home growth 5 
German nuclear power: Closuresanddelays 6 
Human growth hormone: Pituitary slump = é 
University of London: Stormahead sits 4 
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@ Review articles should be aimed at a relatively wide readership. 
Many reviews are invited, but submitted articles may also be accepted; it 
is advisable to consult us before writing a review article. 

© Articles may be up to 3,000 words long with at most six displayed 
items (figures and tables); they are reports of major research 
developments. 

© Letters are brief reports of original research of unusual and wide 
interest, not in general longer than 1,000 words; they have at most three 
or four displayed items. 

© ‘Matters Arising’ permits short discussion (up to 300 words) of 
papers that have recently appeared in Nature. 

Articles should be accompanied by an abstract of not more than fifty 
words. Letters should begin with a paragraph giving the background 
and main conclusion in terms intelligible to as wide a readership as 
possible. 

-Manuscripts may be submitted either to London or New York. Three 
typed copies should be submitted, each including lettered copies of 
figures. Typing (including references) should be double spaced. The 
title should be brief and informative. Pages should be numbered. 
References, tables and figure legends should start on separate pages. 
- Experimental detail vital to the paper yet which would interrupt the 
- narrative is best placed in the figure legends. Units should be identified 
in the margin on their first appearance. Equations should occupy single 
lines if possible: exp(a) is preferred to e@ if ‘a’ is more than one 
character. 
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= now and of significant developments. es 
“= The first day's programme is devoted to the instrument itself. The second day is concerned with imaging techniques, and “light” > 
=: microscopy is interpreted liberally. The third day will deal with two aspects of measurements on images — photometric (in = 
“transmission, emission and reflection) and geometric. “i 
== A trade exhibition will be held in conjunction with the meeting. In it, manufacturers will show equipment at the forefront of = 
= development and pertinent to the meeting programme. The exhibition will be open, free of charge, to both meeting registrants = 
* and non-registrants. Times when non-registrants may visit the exhibition are given below. oh 
*: (A registration form is inserted in this Journal.) a 
a PROVISIONAL PROGRAMME we 
= Tuesday, 7 July — The Instrument we 
= Survey Paper — Modern Microscope Design Professor H Hasselmann, Inst. fur Wissenschaftliche ae 
S Mikroskopie der Universitat, Tuebingen i 
Modern Microscope Design — single or multi-purpose routine Dr Klaus Weber, Carl Zeiss (Oberkochen) sie! 
ise or research work sts 
“The Design of Microscopes for Fluorescence Techniques Dr A Thaer, Ernst Leitz Wetzlar GmbH ss 
«: Photomicrographic Systems Dr K Schindl, C Reichert Optische Werke AG ni 
=: The Design of Stereo Microscopes Dr J T Watts, Wild-Heerbrugg oe 
= Trends in Microscope Objective Design Dr Z Wakimoto, Nippon Kogaku K.K., Tokyo ze 
A New Optical Design for Light Microscopes Mr A Taira, Olympus Optical Co. Ltd, Tokyo oe 
= Role of Specialist Microscope Manufacturer in the 1980's Mr J H Bassett, James Swift & Sons Ltd a 
w Wednesday, 8 July — Developments in Imaging Techniques nn 
= Review — Imaging Methods Professor G Nomarski, CNRS, France cs 
= Holographic Methods Dr R W Smith, Imperial College, London S 
= Acoustic Microscopy Dr Wickramsinghe, University College, London ss 
* Laser-Scanning Microscopy Dr C Shepherd, University of Oxford it 
“: A Combined Light Microscope-Scanning Electron Microscope Professor J S Ploem, University of Leiden wm: 
x: Possibilities and Limitations of Interference Microscopic Dr J Bergner, Carl Zeiss Jena Se 
Sn Phase Analysis ws 
=: Developments in Polarised Light Microscopy Mr D A Hemsley* and Mr P C Robinson** ne 
Be “Institute of Polymer Technology, Loughborough is 
n **North Staffordshire Polytechnic 

Thursday, 9 July — Measurements 
=: Review — Quantitative Automated Microscopy Professor J S Ploem, University of Leiden ist 
x: Photometric Analysis of Reflectance and Fluorescence Dr H Piller, Carl Zeiss (Oberkochen) = 
mh emission spectra 3 


= Microphotometry Instrumentation 

Quantitative Interference Microscopy 

Fluorescence-activated Cell Sorting 

Systems for Acquisition of Microscopical Information for 
Image Analysis 

image Analysis in Pathology 

Mathematical Morphology Applied to Image Analysis of 
Cytological Specimens 
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= The Use of a TV-Image Analysis Computer System (LEYTAS) Mrs A M J van Driel-Kulker, Centre de Mathematique 

; in Clinical Cytology Morphologique, Fontainbleu g 
a: Fully Automated Systems Mr A Terrell, Cambridge Instruments Ltd s: 
3 EXHIBITION : 





= The Exhibition, is organised by the Royal Microscopical Society in association with ‘Nature’. ee 
me The Conference not only marks the inauguration of the Light Microscopy Section of the Royal Microscopical Society, but :? 


= establishes a landmark in the field by providing a definitive statement of the more important aspects of light microscopy as it is z 


= in conjunction with the conference, there will be an exhibition of the latest products of the Light Microscope Manufacturers. 
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a — THE STATE OF THE ART 
International Conference and 
Exhibition on Light Microscopy | 
Imperial College, London SW7 7-9 July, 1981 : 


Xe a 


Dr H Wasmund, Ernst Leitz Wetzlar GmbH wt 
Dr D J Goldstein, University of Sheffield 

Dr D Capellaro, Imperial Cancer Research Fund, London 
Dr D Rutovitz, MRC Edinburgh 


Dr J P A Baak, Delft 
Dr F Meyer, Centre de Mathematique Morphologique, 
Fontainebleu 


= one will be open, free of charge, to registrants and non-registrants. Times for non-registrants to visit the exhibition 

oa WI De: : 
s Tuesday, 7 July = 12 noon to 1800 hours me 
n Wednesday, 8 July m= 1100 hours to 1800 hours x 
= Thursday, 9 July — 1100 hours to 1500 hours E 
a REGISTRATION AND ACCOMMODATION SE 
i Details available from the Administrator: = 
E 37/38 St. Clements, Oxford OX4 1AJ me 
a Telephone: Oxford (0865) 48768/721081 ms 
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The Pope’s visit last week to non-Christian Japan showed how 
well this indefatigable traveller can tune his speeches to his 
audience With the faithful thin on the ground, general issues 
took precedence over those that domestically occupy his Church 
The result was a more open discussion of some perplexing 
problems than ın the Philippines the week before And nobody 
should complain that the Pope followed other statesmen to 
Hiroshima for a major speech on the problem of nuclear war The 
melodrama of the site ensures that some notice will be taken of 
what 1s said Not surprisingly, the Pope’s discussion was a good 
deal more perceptive than many that have preceded ıt The visit 
also provided him with an opportunity to pat on the back one of 
the two sponsors of the occasion, the United Nations University 
The university’s new rector, the Indonesian Soedjatmoko, seems 
well placed to help the university make a mark in its chosen field of 
interest, the development of developing countries 

The danger facing those who make speeches at Hiroshima 1s 
that of following the same hackneyed theme Nuclear weapons 
are awful things, and the product of scientific research, from 
which it follows that the sharpest dilemma ıs the Promethean 
dilemma The Pope fortunately had the wit to acknowledge that 
this task has political as well as ethical or moral dimensions 
However powerful may be people’s collective wish that nuclear 
war should not break out, their political differences ensure that 
the danger will remam alive It would be asking too much to 
accept the argument, for which there is some Justification, that 
only the balance of terror has kept the peace these past thirty 
years But the implication of his remarks (at Nagasaki) that the 
United Nations must more powerfully assume a peacekeeping 
role is needlessly unearthly, the United Nations 1s a place where 
governments with different interests meet, as often to declare 
their differences as to resolve them Although the United Nations 
has from time to tıme passed high-sounding resolutions on the 
need for ‘‘general and complete disarmament’’ (known as 
“GCD” in the trade) the painfully slow processes of the 
Committee on Disarmament shows what problems lie ahead 

Fortunately, not all problems are such inherently gloomy 
problems Although the theme of the Pope’s speech last week was 
‘the ethical problems of the technological society’’, he reminded 
those who heard him that ‘‘we all greatly benefit’? from the 
application of science and technology In the past few gloomy 
years, optimism on this score seems to have melted surreptitiously 
away, not so much from anxiety about war as because of the 
faltering of the industrial economies and the predictable but 
nonetheless bitter failure of efforts such as the United Nations 
conference on technology and development two years ago But 
can it be that the promise of science and technology for the 
umprovement of the human condition, widely believed only a few 
years ago, has evaporated overnight? Is 1t not more likely that 
people have become discouraged? And, in these circumstances, 
may it not be especially valuable that vaguely incongruous figures 
like the Pope should go about reminding people that the promise 
is still there to be captured? ” 

But how? At Hiroshima, the Pope said that the need was for a 
‘‘moral about-face? Translated into the language of everyday 
politics, the implication is that governments must become more 
serious in their consideration of documents such as the report of 
the Brandt Commission on the problems of contemporary 
development, more imaginative 1n their management of domestic 
wealth and liberty and more courageous ın their handling of 
dealings with each other But, ın the last resort, governments — 
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Pope John Paul II in Hiroshima” 


even illiberal governments — are merely the products of their 
people Is the practical message of what the Pope was saying last 
week about the moral responsibility of the scientific community 
that the tıme has come when governments should be reminded 
again, as they have been ad nauseam in earlier decades since the 
Second World War, that the tıme has come to start solving 
problems, not to be mesmerized by them? 


Ructions in space 


The European Space Agency 1s using unaccustomed undiplo- 
matic language ın its attempts to persuade the new United States 
Admunistration not to force the cancellation of the joint venture 
to put a pair of spacecraft into polar orbits about the Sun 
Rumours that this might be one of the consequences of the cut in 
the budget of the National Aeronautics and Space Administra- 
tion have been circulating in Washington for several days (see 
Nature 26 February, p 738) The European reaction to the news 
that the rumours are true has been understandably tetchy 
Europe, the European Space Agency is saying, has been led up the 
garden path, has been induced to lavish a substantial part of the 
meagre funds available for planetary exploration on a project 
whose value will now be much reduced (see page 3), and which 
may even have to be abandoned altogether By asking that 
member states should send their diplomats into action m 
Washington, the European Space Agency has broken new ground 
in the foreign relations of multilateral agencies like itself The bad 
temper in 1ts public statement on the problem suggests that good 
relations may be at an end 

Luckily, that time may not yet have arrived There remains a 
chance that the American half of the solar polar mission will be 
restored ın the budget to be published on 10 March More to the 
point, there 1s every chance that the United States Congress, still 
not quite certain what to make of President Reagan and his well- 
intentioned but draconian fiscal policies, will write back into the 
budget some of the 1tems the President ıs planning to strike out 
(And then, of course, ıt 1s always possible that the White House 
might decide not to spend the money, anyway ) In short, it 1s too 
soon to be supposing that the solar polar experiment is a washout 
What has happened 1s more subtle but also more important 

Domestically, the United States space programme 1s ın a mess 
For the past three years, the space shuttle, the machine intended 
as the launching vehicle both for commercial and scientific space- 
craft, has been in trouble Itis already two years late, and further 
difficulties may come to light in the critical months ahead Yetitis 
too late to complain that the United States should have embarked 
on a quite different programme of development ten years ago, 
when the Apollo programme ended Willynilly, the shuttle 1s the 
only sufficiently versatile launching system ın sight If its use 1s 
further delayed, the consequences will be more serious than the 
cancellation of the American half of the solar polar project The 
European half may be without a launcher as well, while a whole 
string of communications satellites will have to find their way into 
synchronous orbits by quite different means Worse still, for the 
scientific community, the Large Space Telescope in which the 
European Space Agency also has a substantial stake and which 
the United States Administration has so far (to its credit) kept free 
from cuts, will also bein jeopardy Bad temper is, ın the circum- 


stances, Inappropriate 
Looking further ahead, however, the European Space Agency 
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is right to be alarmed In the past few years, it has dawned on 
European governments that they must have access to some way of 
launching spacecraft of all kinds The chance to join the shuttle 
project as a partner has however gone The European launcher 
Ariane may have a future, if only as’an insurance policy against 
further delay of the shuttle and as an assurance of independence, 
but 1s not the ideal way of meeting the need The space agency 
itself, now under new management, has a poor public reputation 
stemming at least ın part from its bureaucratic ways and from the 
way in which member governments appear to regard ıt as their 
first objective to ensure that their contributions are requited by 
contracts placed with national companies Many scientists 
concerned to put scientific experiments into space have found it 
easier to work with the American agency than with that in Paris. 
The first lesson to be learned in Paris from the threatened cancel- 
lation of the American half of the solar polar project is that it 
should put 1ts own house 1n order Only then will ıt be able to take 
the lead ın making sure that European governments collectively 
have a view of their future role ın this important field. 

The European Space Agency would at the same time do well to 
draw a wider lesson from what is going on in Washington The 
space budget 1s being cut not only because of the technical 
problems with the shuttle but also because expenditure of this 
kind ıs not immediately productive Inthe long run, it 1s better for 
Europe that the American economy should be healthy (free from 
inflation) and productive than that funds should be found for the 
second half of the solar polar project And, ıt would be folly 
if the growing European enthusiasm for space projects were 
further to undermine the economic health of Western Europe 


Questions answered 


The British predilection for studying the machinery for 
administering publicly supported science has burst out again, this 
time in the House of Lords (Nature 26 February, p 741) British 
governments seem constitutionally unable to decide for 
themselves what sensible steps to take, and usually set up ad hac 
committees to tell them what to do The select committee of the 
House of Lords 1s an unexpected but a better way of tackling the 
problem The committee has also taken the unusual step of 
inviting written evidence from anybody, and the specific 
questions ıt has asked show that its inquiry may well be radical 
What follows may help to start the ball rolling 

The most important, because the most novel, group of 
questions 1s that labelled machinery of science Could the 
relationship between the British government and the scientific 
community be improved and, 1f so, how? The obvious difficulty 1s 
that, formally, there 1s no such thing as a scientific community 
There are a few organizations, the Royal Society chief among 
them, which are sufficiently diverse to be consulted as 1f they were 
representative, and so eminent that the advice they give ıs rarely 
foolish. However radically the House of Lords committee tackles 
its inquiry, these influences on government will (and should) 
continue Moreover, it would be fruitless to engage an army of 
constitutional lawyers to devise some way in which the wider 
scientific community could speak with even greater representative 
authority The truth is that opinions within the scientific 
community differ about all the questions the committee has asked 
as well as about more specific problems 

What the British government needs 1s some means by which it 
can sense the diversity of scientific opinion on contentious issues, 
forming 1n the process a judgement about which views should be 
taken seriously, and at the same tıme making more effective use of 
the 1magination and willingness to help of people working in 
laboratories of all kinds The mechanism required is more like a 
lightning-rod than a forum Whether ıt should be more like the 
United States President’s Science Advisory Committee than the 
British Advisory Council on Scientific Policy of the 1950s 1s less 
important than that ıt should be accessible to all who want to tell it 
something _ 

Given such a device for drawing attention to important 
problems, some of the select commiiittee’s questions would be 
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answered Thus, while no amount of organization can ensure that 
there 1s sufficient communication between those responsible for 
the administration of science in industry, research councils and 
government, common experience shows that public servants 
respond diligently to well-considered public complaint or even to 
constructive suggestion To be effective over the whole field the 
select committee has mapped out, a committee of this kind would 
have to be adequately serviced — previous essays 1n this direction 
have been less than successful because they have been run on a 
shoestring The terms of reference of the existing Advisory Council 
on Applied Research and Development are too narrow to do what 
1s now required, and the council seems shy of tackling questions of 
how well government machinery 1s working It 1s, however, 
essential that any such organization should be independent of 
particular government departments The Council for Scientific 
Policy of the 1960s, which did some useful work, was too 
dependent on the Department of Education and Science to be 
effective The need now 1s for a channel for communication free 
from departmental interests The House of Lords 1s well placed to 
decide how such a committee should be plugged into the 
government machine Direct responsibility to the Prime Minister 
would be the constitutional ideal but would make a mountain out 
of a molehill A connection with the Treasury would not offend 
the lawyers and could be fun Otherwise, the best choice would be 
a return to the 1960s, when the Lord President of the Council was 
responsible for the Council on Scientific Policy 

Other questions on the list from the House of Lords bear on the 
issue of the Rothschild customer-contractor principle In spite of 
the mixed experience of the past decade, it would be wrong now to 
give up the notion that government departments should be 
equipped to decide scientific questions relevant to their own 
work, and to commission their own research But the system in 
which departments were required to appoint chief scientists to 
manage their scientific affairs has not always worked well Some 
of those appointed have not been up to the job, few of them have 
been 1n their posts long enough to learn what to do and none of 
them has been paid enough However, there can be no generalrule 
for deciding how much money should be spent by departments 
and how much by research councils, Research councils should 
have enough money to discharge their responsibilities properly, 
and government departments should spend money on research in 
the expectation of winning tangible benefit as a result Some of 
the imperfections of the present system, and especially the 
difficulties which have arisen ın the financing of applied research 
in which no government has a commanding interest, would not 
exist if the arrangements for dividing the science budget between 
those dependent on ıt took more account of the scientific merits of 
their different programmes 

These are the easy questions The committee’s question about 
the adequacy of the government’s own scientific manpower 15s 
much more difficult What should be done about the scientific 
civil service? And what should be done to equip the British civil 
service as a whole to grapple with modern problems? The British 
government 1s at present too directly involved in research in its 
own establishments (shockingly so in defence research) If the 
committee does more than skate round the manpower problem, it 
will recommend that the government reduce its own research 
effort drastically (but provide better careers for those who 
remain) and also tackle seriously the recruitment of scientists in 
mid-career to the civil service proper The present system merely 
perpetuates amateurism and ensures inexpert advice 

The hardest question of all, however, 1s missing from the list 
circulated by the House of Lords What ts to be done about 
defence research? Only two weeks ago (Nature 19 February), the 
European Commission was pointing out that defence research isa 
larger proportion of all research in the United Kingdom than 
elsewhere in the European Community Outsiders have no means 
of telling how necessary this vast enterprise may be, although 
there 1s every reason to believe that the huge defence laboratories 
could be used more effectively to foster industrial change without 
hazarding national defence The select committee should think of 
adding this topic to its agenda 
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Open row about joint space project '- 


European space 
agency plans 
protest 


Washington 

Western European nations have agreed 
to organize a top-level protest to the US 
State Department at the proposal of the 
National Aeronautics and Space 
Administration (NASA) to withdraw its 
spacecraft from the International Solar 
Polar Mission 

The mission, under which two spacecraft 
would be flown simultaneously over 
opposite poles of the Sun, 1s being 
organized jointly by NASA and the 
European Space Agency Originally each 
agency was to have supplied one of the 
spacecraft, the two being launched from 
the space shuttle in 1985 NASA has now 
decided to absorb some of the massive cuts 
1n 1ts space science programme required by 
the Reagan Administration by terminating 
the work on ıts own spacecraft It would 
still provide support facilities for the 
European spacecraftif the European Space 
Agency decided to press on alone 

The European agency tssued a strongly- 
worded statement last week saying that it 
considered NASA’s actions to be a 
unilateral infringement of the memoran- 
dum of understanding signed between the 
two countries, and warning that ıt could 
have severe consequences for future co- 
operation in space research between 
Europe and the United States Now several 
countries, including France, West 
Germany, Italy and the United Kingdom, 
have agreed to make a joint protest to the 
State Department, hoping that NASA can 
be persuaded to change its mind Without 
the participation of the US spacecraft, which 
would have provided the first opportunity to 
study a star at close hand, the value of the 
mission will be severely limited 

Within NASA, however, officials have 
httle hope that the proposed cuts will be 
reversed, since next to the space shuttle 
programme NASA’s top priority has been 
to keep mtact 1ts two main space science 
projects, the space telescope and the 
Galileo mission to Jupiter 

NASA officials have stressed the ımpor- 
tance they attach to maintaining links with 
European colleages, as both acting deputy 
director Anthony Calio and the director of 
the Goddard Space Flight Center, Dr A 
Thomas Young, pointed out when Mrs 
Margaret Thatcher visited the centre 
during her visit to Washington last week 

However, NASA has had to take some 
hard decisions itself, and apparently 
decided that the cancellation of its share in 
the solar mission was the least of several 
evils on the other hand, the deferral of the 
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gamma-ray observatory and of the Venus 
Orbiting Imaging Radar have been 
demanded by the White House 

NASA has now been asked by the Office 
of Management and Budget (OMB) to 
make even more cuts in its next year’s 
budget, following the discovery that the 
size of the required federal budget cut had 
been underestimated Although it ıs not 
known where these most recent cuts will 
fall, one rumour is that funding for 
astrophysics experiments on the second 
Spacelab will be withdrawn, a decision which 
would particularly hit British scientists 

When rumours began to circulate in 
Washington last month that OMB was pro- 
posing to scrap Galileo, West Germany — 
which 1s developing several of the instru- 
ments to be flown on both the orbiter and 
the probe and 1s contributing about $50 
million to the cost of the mission — 
protested strongly to Secretary of State 
Alexander Haig Mr Haig’s subsequent 
intervention with OMB 1s said to have 
contributed significantly to the decision 
not to terminate the project 

No mention was made at that time of a 
possible threat to the solar polar mission 
NASA was given its total required budget 
cut but left to decide where the cuts would 
fall Cancelling the solar polar mission 
spacecraft would save between $250 and 
$300 million total costs over the next eight 
or nine years 


The European Space Agency council 
meets this Thursday (5 March) to decide on 
1ts reaction to the US moves Theres stili a 
chance that some of the US instrumen- 
tation could be transferred to the European 
craft, although European experiments on 
the US craft would be given higher priority 
The agency could equally well decide that, 
without full US participation, the mission 
is not worth pursuing, a decision which 
would severely disrupt its space science 
budget 

NASA’s final proposals are expected to’ 
be announced next week, when Mr Reagan 
gives Congress a detailed list of his pro- 
posed budget reductions There will un- 
doubtedly be some opposition ın Congress 
if the mission remains among the proposed 
cuts Senator Jack Schmitt, an ex- 
astronaut and now chairman of the science 
and space subcommittee of the Senate 
Commerce Committee, said last week that 
he was very concerned that the decision 
could jeopardize future cooperation, par- 
ticularly at a tyme when Europe seemed to 
be moving ahead of the United States ın 
some areas of space technology 

But, as a loyal supporter of Mr Reagan, 
Mr Schmitt said he also acknowledged that 
there was a need to make substantial cuts in 
federal spending to restimulate the 
economy — and that space science, 
together with other research areas, would 
have to accept its fair share David Dickson 


Gloom at prospect of cancellation 


Officials at the European Space Agency 
(ESA) are too upset by the decision by the 
National Aeronautic and Space 
Admunistration (NASA) to ditch its solar- 
polar spacecraft to talk about contingency 
plans, preferring to await the results of 
diplomatic efforts to get the decision 
reversed before 10 March when the federal 
budget goes to Congress and after which 
changes cannot be made Nevertheless ıt ts 
almost certain that, if ıt has to, ESA will go 
it alone, having already invested too much 
in the mission to abandon ıt 
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The International Solar Polar Mission 
was originally conceived as a two- 
spacecraft mission that would observe 
dynamic and variable phenomena at high 
solar latitudes The spacecrafts’ journey 
round Jupiter would also provide the first 
opportunity for spatially and temporally 
resolved measurements of Jupiter’s 
magnetosphere Some of the experiments 
to be flown on the two spacecraft would be 
identical but others would complement 
each other 

A decision to abandon the NASA 
spacecraft would mean that spatial and 
temporal resolution could be achieved less 
adequately only by comparison with simul- 
taneous observations from the Earth In 
ali probability, 1t would also mean that the 
NASA spacecraft’s ability to make optical 
measurements of the Sun’s surface — 
unlike the ESA spacecraft, ıt has a pointing 
device — would be lost 

Each spacecraft 1s to house some of the 
other partner’s experiments It 1s thought 
unhkely, because of commitments already 
made, that the experiments to be flown on 
the ESA spacecraft could be changed at 
this late stage Fortunately NASA has said 
that it will continue support of its 
experiments to be flown on ESA’s craft 
That, however, begs questions of the 
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future of European experiments for the 
NASA vehicle According to ESA, work 
on those experiments is already well 
advanced and substantial sums of money, 
which will have been spent in vain if 
NASA ’s decision stands, have already been 
committed The total cost to completion of 
the two spacecraft 1s an estimated $140 
mullion, $100 million of which 1s already 
accounted for Judy Redfearn 


European fusion 


JET’s ambition 


JET, the jomt European tokamak 
nuclear fusion experiment, may cost 
another 400 millon European units of 
account (EVA) (£216 million) if first the 
JET Council — which oversees the project 
— and then the European Commission 
agree The money would be spent over five 
years, beginning ın 1982, and would extend 
JET to its full design performance, 
including bulk ignition of a deuter1um— 
tutum plasma ‘‘If they want the results, 
they’ll have to pay’’ said Dr Hans-Otto 
Wiister, director of JET, of the European 
governments last week 

The original cost of basic JET was 185 
milion EUA at January 1977 prices 
Inflation ın Britain, coupled with the 
strength of the pound sterling and a serious 
underestimate of the cost of diagnostic 
equipment, has pushed that basic price to 
something nearer 300 millon EUA, but 
even so the proposed extension would more 
than double the total cost. Dr Wuster, 
however, points out that the extra cost 1s 
only twice the annual budget of the CERN 
~ laboratory in Geneva 

The rush to extend JET 1s occasioned by 
two factors First, machines ike JET seem 
to have a better chance of reaching 
ignition, the nuclear burning of the 
plasma, than when they were designed ın 
the early 1970s Second, the European 
Council of Ministers has asked for a pro- 
posal for fusion research in Europe for the 
next five-year period, 1982-86, by 1 July 
this year 

Competition with the United States 1s 
alsoinmind Princeton’s Tokamak Fusion 
Test Reactor ıs due to begin experiments ın 
1982, and the somewhat larger JET in early 


JET upgraded 


The extension of JET to full design 
performance would involve increased 
magnetic confinement fields, additional 
heating of the plasma, facilities for 
storing and handling tritium, and remote 
handling equipment for experiments 


Specifically, the peak toroidal field coil 
power would be increased from 250 MW 
to 380 MW, total magnetic field at plasma 
centre27 7kGto34 5kG, plasma current 
from 3 8 MA to 4 8 MA, and additional 
heating power from 4-10 MW to 25 MW 
Robert Walgate 
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1983. Princeton 1s being pushed hard by the 
US Department of Energy to try ignition 
early. If all went well, JET’s mitial non- 
nuclear plasma experiments would then 
look pretty tame On the other hand, if 
either laboratory 1s too hasty in introducing 
radioactive tritium, repeating early experi- 
ments will be very difficult, requiring 
remote handling and radiation protection 

Important plasma physics problems 
remain to be solved Present optimism 
arises because two predicted limits on 
plasma containment have not been 
observed in existing small tokamaks 
‘Trapped particle instabilities’? were 
expected to set ın at temperatures above 30 
million K, but the smaller Princeton 
tokamak has reached 70 million K without 
seeing them And the ratio of plasma 
pressure to magnetic pressure was thought 
to be limited to about | per cent, but values 
of 8-9 per cent have been reached While 
experimentally encouraging, these results 
are theoretically puzzling, so the JET and 
Tokamak Fusion Test Reactor regions may 
still hold surprises 

Dr Wuster is therefore cautious, offering 
3-4 years of plasma at JET before 
attempting ignition around 1987. But the 
bulk of the spending on ‘‘extended per- 
formance” would have to be undertaken in 
1982-86 In January, the JET Council gave 
Wuster a 400 million EUA guideline for the 
extended performance, and asked him to 
say what he could do with that If, this 
month, his proposals are adopted, it will be 
for the European Commission to consider 
whether to include ıt as part of the 1982-86 
research programme 

Conflicts between the interests of the 
national laboratories and money-hungry 
JET seem likely to be resolved at JET 
Council level, but the commission must 
also test the interest of governments, for 
which reason ıt has set up a new committee 
— the Consultative Committee for Fusion 
Programmes — which will be dominated 
by the representatives of government 
departments from whose coffers the 
money must ultimately be found 

The commission has also established an 
expert panel, the European Fusion Review 
Panel, to make recommendations for a 
long-term programme, beyond the present 
generation of machines This panel will 
also report to the commussion before July, 
in time to influence the final commission 
proposal 

One question to be dealt with 1s whether 
Europe is wise to commit itself so heavily to 
one design of fusion device, the tokamak. 
In the United States, there 1s also 
substantial work on the potentially simpler 
magnetic mirror confinement and inertial 
confinement Wuster says that ıt makes 
sense to push ahead with the device that will 
most quickly yield ignition, so as to win 
practical experience of the problems of 
operating fusion reactors of all types We 
shall see whether the European Fusion 
Review Panel agrees with him. 

Robert Walgate, 
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More cuts 


Washington 

True to its political convictions, when 
full details of its proposed budget cuts are 
announced next week, the Reagan Admin- 
istration 1s expected to eliminate virtually 
all the federally sponsored programmes 
initiated by President Carter to stimulate 
Innovation in private industry 

President Carter’s initiatives were the 
result of a broad-ranging, eighteen-month 
study largely instigated by the Office of 
Science and Technology Policy Recom- 
mendations were made by eight indepen- 
dent advisory committees, and submitted 
to the White House with proposals from 
individual federal agencies 

From these, a package of 32 proposals 
was eventually accepted and announced by 
Mr Carter ın November 1979 Although 
criticized at the time for not going far 
enough, 1t was generally agreed that the 
proposals made up a modest set of 
experimental and exploratory approaches 
aimed at bringing industry, government 
and the universities closer together 

The interventionist approach which the 
new programmes embodied, however, has 
found little sympathy with the new 
Administration, which sees its principal 
strategy for stimulating innovation as 1m- 
proving the financial incentives for 
investment, not direct federal participation 

The Admunistration will therefore be 
expected to drop support for any future co- 
operative generic technology centres, even 
though specific legislation setting up these 
centres was approved by Congress last 
year, and $5 mullion allocated to their 
support (Nature 286, 195, 1980) From the 
three centres initially proposed, only one, 
in Detroit, 1s likely to survive as plans were 
agreed before the election, although even 
this ıs uncertain since it will depend on the 
centre’s ability to raise matching funds 
from industry 

Other projects previously under 
development in the Commerce Depart- 
ment and now expected to be phased out 
include proposals to establish state-based 
Corporations for Innovation Development 
to help entrepreneurs gain access to 
investment capital, and the new Office of 
Technology Strategy and Evaluation 

It 1s also rumoured that the new 
Administration may not seek a successor to 
Dr Baruch, who as Assistant Secretary for 
Productivity Technology and Innovation 
was responsible for science and technology 
programmes within the department This 
would be opposed by Congress, which 
spent much time last year discussing the 
Carter Admunistration’s initiatives, and 
supported their general thrust 

Another of Mr Carter’s initiatives which 
will be overruled ıs the Co-operative 
Automotive Research Project (CARP), 
originally proposed by Transportation 
Secretary Mr Brock Adams as a means of 
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generating joint government and industry 
support for long-term research, and 
already approved by Congress with a 
budget of $12 million for the first year In 
his budget proposals of two weeks ago, Mr 
Reagan said that ‘‘federal financing of 
long-term research to benefit a particular 
industry 1s an inappropriate allocation of 
federal funds” He1s proposing to rescind 
the full amount appropriated by Congress 
for the current year, and to terminate the 
whole programme 

At the National Science Foundation, 
schemes for encouraging greater 
technological innovation in small 
businesses, and for forging closer links 
between industry and universities, will 
remain in force, but will not get the 
substantial increase in funding that the 
Carter Admunistration had promised as 
part of its innovation package 

Support for small industries innovation, 
for example, was to have been almost 
doubled, from $7 5 million to$14 5 million 
next year, following its earlier success, but 
will now be cut back So too will increased 
funds for engineering education, but the 
proposed 20 per cent increase for 
engineering research is likely to remain 

In contrast with the cuts being proposed 
in measures which would increase federal 
involvement in the mnovation process, 
other steps initiated by Mr Carter to reduce 
the federal role have been warmly endorsed 
and built upon by the new Admunistration 

Efforts to reduce the burden of health, 
safety and environmental regulations, for 
example, have already been expanded As 
expected, Mr Reagan has proposed, along 
with his budget reductions, a set of 
regulatory reforms which would submit all 
new and existing regulation to strict cost- 
benefit analysis 

Similarly, additional patent reform 
legislation has already been introduced 
into the new session of Congress which 
would expand on Mr Carter’s patent 
reform bill giving universities and small 
businesses patent rights on federally 
funded research David Dickson 


UK research councils 
Allen accused 


The UK Science Research Council 1s 
being hauled over the coals for sloppy 
bookkeeping Its chairman, Sir Geoffrey 
Allen, 1s to appear before the Public 
Accounts Committee of the House of 
Commons on 17 March to explain irregu- 
larities in the council’s funding in the 
financial year 1979-80 Details are hard to 
obtain because the council, usually frank, 
1s saying nothing for fear of offending 
parliamentary privilege 

Part of the problem stems from the cash 
bonus that Mrs Shirley Wilhams, then 
Secretary of State for Education and 
Science, obtained for the research councils 
in 1978 The council’s share was £33 
millon over the four financial years 
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1979-83 A circular was thereupon sent 
around universities asking for applications 
to the council to replace worn-out 
equipment truck-loads of applications 
followed, worth £37 million, of which the 
council awarded £7 5 million In the event, 
a change of government followed, funds 
were cut and the council received only £5 
million 

Another question mark hangs over the 
university grants current in March 1980, 
which represented an increase ın value of 
£31 million (34 per cent) over the previous 
year There appears to be no indication 
that this large increase was planned The 
exact amount of overspending remains 
unclear, but much of the money was spent 
by the Science Board (responsible for such 
topics as physics of solids and liquids, 
chemistry and biology) The new 
Spallation Neutron Source at the 
Rutherford—Appleton Laboratory at 
Chilton seems to have been a principal 
beneficiary 

Other misdemeanours are procedurally 
more serious The Auditor General, Sir 
Douglas Henley, has already complained 
that the postponement of certain payments 
into the 1980~81 financial year, as part of 
an attempt to alleviate the financial deficit, 
contravenes government regulations The 
Public Accounts Committee will also, no 
doubt, be asking about the council’s 
calculation that the capital value of a site 
near Slough, yet to be vacated, could be 
regarded as a part of the income for 
1979-80 

The council appears to have been the 
victim of government financial vagaries 
combined with inflexible accounting pro- 
cedures But the extent to which the 
problems are also self-generated will not be 
clear until 17 March 

Sir Geoffrey Allen, formerly the 
council’s accounting officer, came to the 
end of his spell as chairman ın October 
The name of his successor 1s expected to be 
announced within a few weeks 

Pinhp Campbell 


Soviet research 


More home growth 


The new Soviet Five-Year Plan calls for 
all branches of the economy to be brought 
up to the ‘‘most up-to-date levels of science 
and technology” Just how to do this 1s 
clearly causing the Soviet leadership 
considerable anxiety At the Twenty-Sixth 
Congress of the Communist Party of the 
Soviet Union last week, Mr Brezhnev 
called on the whole scientific establishment 
to reassess the research and development 
basis of Soviet industry and to propose 
ways of regrouping the ‘‘scientific forces”’ 

Not only the Academy of Sciences and 
the State Committee for Science and 
Technology should take part ın this audit, 
said Mr Brezhnev, but also the science- 
based industries, including defence Since 
Soviet military research 1s organized quite 


separately from the civil sector, this last 
proposal suggests genume concern, not 
simply congress window-dressing 

Mr Brezhnev singled out a number of 
fields of technology where ‘“impermissible 
sluggishness’’ had led to delays in 
implementing ‘‘promising developments” 
—- the continuous casting of steel, powder 
metallurgy, custom-built DC transmission 
lines and high-strength artificial fibres 
Falling behind foreign competitors, he 
said, leads to massive expenditure of 
foreign currency for equipment and 
technology which the Soviet Union could 
have produced at home Soviet potential 
technological self-sufficiency has been a 
feature of propaganda speeches since the 
January 1979 United States embargo Mr 
Brezhnev’s speech, however, referred 
rather to one of the major concerns of 
Soviet research policy. why 1s there often so 
long a gap between obtaming a new result and 
implementing ıt ın production? 

Mr Brezhnev suggested two possible 
lines of reorganization, which appear 
mutually contradictory On the one hand, 
he stressed the Central Committee’s 
support for an increased responsibility for 
the Soviet Academy of Sciences, and 
argued a ‘‘flexible and mobile’’ 
organization of research that would not 
tolerate ‘‘fruttless laboratories and 
institutes’’, but would respond 
“attentively” to the needs of scientists for 
equipment, instruments and pilot plant 
facilities Taken ın isolation, these remarks 
suggest more scope for serendipity and the 
capacity to switch rapidly from one line of 
research to a more promising alternative 

Mr Brezhnev went on the say, however, 
that the major sciences (including basic 
research) should concentrate more on 
solving ‘‘key national economic 
questions” and ‘‘discoveries capable of 
making genuinely revolutionary changes in 
production’? The formulation of these 
tasks, he said, 1s the task of the central 
planning bodies and the State Committee 
for Science and Technology The exact 
spheres of competence of the Academy and 
State Committee are frequently difficult to 
define, and Mr Breszhnev’s speech does 
not make the issue easier The previous 
Congress (1976) had made the Academy 
responsible for coordinating all science 
throughout the country, and although, to 
judge from the report to Congress of Dr 
Anatolu P. Aleksandrov, the Academy’s 
president, much still remains to be done, 
there 1s no suggestion that the task should 
be taken out of the Academy’s hands 

Dr Aleksandrov’s report, moreover, 
reviewed a wide range of recent 
achievements, from particle physics and 
cosmology to the utilization of Estonian 
shales and the need to develop coal 
liquefaction and gasification techniques 
Academy scientists, he said, have made 
notable advances in thermonuclear fusion, 
and in prolonging the hfe of agricultural 
machinery 

Discussion of future plans, ata Congress 
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of this type, 1s always to a large extent, 
orchestrated A clear example was the 
intervention of Sharaf Rashidov, Party 
chief of the Uzbek SSR Mr Brezhnev had 
called for a new food production 
programme Mr Rashidov suggested that a 
“tremendous contribution’’ could be 
made by diverting the northern rivers to the 
Volga Basin and the Siberian rivers to the 
steppes of Kazakhstan and Central Asia 
Plans for such proposals, however, are of 
course already well under way, and a 
considerable engineering effort earmarked 
for them in the new Five-Year Plan 

Dr Aleksandrov, however, had a 
hghtertouch One of his major proposals 
began as an apparent piece of by-play with 
Mr Brezhnev and the Leningrad Party 
chief Grigori: Romanov, about the 
development of an anti-influenza spray 
which Mr Brezhnev had requested at the 
last Congress (The very fact of such jesting 
is, in itself, a suggestion that the 
Academy’s auspices are exceptionally 
favourable at present) The successes 
which Dr Aleksandrov reported — 10 
million doses of the spray produced in 
1980, 25 million scheduled for 1981, and 
the incidence of influenza in Leningrad cut 
by two-thirds, were simply a build-up 
Soviet microbiological production, 
suggested Dr Aleksandrov, should be 
reorganized under a special Ministry of the 
Biotechnical Industry Vera Rich 


German nuclear power 
Closures and delays 


Four German nuclear power stations, 
representing a third of the country’s 10,000 
MW of nuclear power, are to close for at 
least a year for the complete replacement of 
their primary cooling circuits The Bonn 
Nuclear Safety Commission ordered the 
closures after deliberating for three years 
Over this issue, involving General Electric 
Company-designed boiling water reactors 
(BWRs) constructed under licence between 
1973 and 1979 

Small leaks and cracks had developed in 
the primary circuit of these reactors which 
carry cooling water through the nuclear 
cores The cracks appeared to be spreading 
by stress corrosion (combined effects of 
mechanical and thermal stress and 
chemical corrosion) The commission has 
concluded that uneven quality, poor choice 
of materials, and a thin gauge of steel for 


In addition to the four boiling water 
reactors (producing 3,300 MW), 
Germany has another six power reactors 
producing 6,600 MW Another nine, to 
produce around 10,000 MW, are under 


construction, including the SNR fast 
breeder research reactor, and a high 
temperature reactor near Cologne 
Construction is halted at two further sites 
(Brokdorf and Wyhl because of local and 
political opposition 
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the pipework were to blame, and that the 
circuits must be replaced to avoid the 
danger of a potentially catastrophic 
cooling failure The cost of replacement 
has been estimated at DM 1,200 million 
(£250 million), with an equal sum for the 
loss of electricity sales However, the four 
responsible utility companies have decided 
not to close down all the reactors 
simultaneously One 1s already being 
refitted, and should be on-power again by 
the summer, and the others will be dealt 
with in sequence 

The boiling water reactors have not been 
a success, and Germany 1s now 
concentrating on the Westinghouse 
pressurized water reactor design, originally 
licensed by Siemens Siemens and the 
constructors, AEG, are now merged ın the 
company Kraftwerk-Union, and the 
excessive cost-trimming which may have 
led to the BWR problems 1s not expected 
again 

Meanwhile, the federal government’s 
nuclear policy continues to be threatened 
by opposition from the left wing of the 
Social Democratic Party, particularly in 
Hamburg where construction of the 
Broksdorf reactor has been brought to a 
halt by demonstrations Over the weekend, 
50,000 people demonstrated at Broksdorf, 
and 127 policemen were injured 
According to some observers, many of the 
demonstrators were not local, but 
represented national left-Social 
Democratic, Communist and Green Party 
groups Brokdorf thus appears to have 
become a symbol of left-right conflict in 
Germany Robert Walgate 


Human growth hormone 
Pituitary slump 


Britain’s supply of pituitary glands, 
from which human growth hormone 
(HGH) 1s extracted to treat 600 British 
children who do not produce ıt normally, 
has fallen by at least a third ın the past year 
— to a level too low to keep up with 
demand This has happened since respon- 
sibility for HGH extraction shifted, ın June 
last year, from two Medical Research 
Council-funded researchers to the Depart- 
ment of Health and Social Security 
(DHSS) Bureaucracy has strangled their 
collection procedure, Dr Philip Lowry, one 
of the researchers, said last week The col- 
lection rate has now stabilized at around 
42,000 glands a year, DHSS claims, ac- 
counting for almost all patients who end up 
in a National Health Service mortuary — 
but the supply from public mortuanries 
(where victims of violence and accident are 
given postmortem examinations) has 
almost dried up In the last year of the 
Medical Research Council scheme, 70,000 
pituitaries were collected, said Dr Lowry 

Extraction of the hormone 1s now done 
at the Centre for Applied Microbiological 
Research at Porton Down, which has 
become increasingly mvolved ın health’ 


service functions since ıt was transferred to 
the Public Health Laboratory Service from 
the Ministry of Defence two years ago Of 
two processes, depending on the form ın 
which pituitaries are collected, Porton 
chose the older, using acetone-dried 
glands This yields around 8 clinical units 
of HGH per gland as opposed to 15 by the 
newer frozen-gland system (which has been 
adopted in New Zealand and Canada), but 
collection is easier the extracted gland 
needs only to be popped into a bottle of 
acetone, instead of a container packed 
around with dry ice However, says Dr 
Lowry, who developed the frozen-gland 
process, clinical trials over the past year 
have shown that the HGH produced from 
frozen glands 1s the more pure, provoking 
no immune reactions — unlike acetone- 
dried HGH, which often contains modified 
and agglomerated versions of the protein, 
and can be rejected by the child 

The 336,000 units of HGH made avail- 
able by the Porton process each year in 
Britain are enough to supply only 430 of the 
600 children with a full dose of 15 units a 
week So far, Porton has been relying onan 
excess of material collected through the old 
system, but soon the reduced supply of 
glands must have an effect on the supply of 
HGH It may then be necessary to buy 
HGH from foreign producers, where 
market pressures have pushed up the price 
to 50 times the cost of home-produced 
hormone Porton is also working on pro- 
ducing HGH from Escherichia coli, genet- 
ically engineered to excrete the hormone, 
provided by the Swiss firm Kabi-Vitrum in 
association with the California-based 
genetic engineering company, Genentech, 
but production ıs not likely to be significant 
for a year, at least until clinical trials, now 
under way at Great Ormond Street 
Children’s Hospital on Genentech- 
produced hormone, are complete 
Moreover, the genetically-engineered hor- 
mone ıs slightly modified ıt has an extra 
amino acid (methionine) tacked on one 
end, and there 1s a possibility that, like ag- 
glomerated HGH, ıt may provoke an 
immune response 

Meanwhile, the DHSS 1s trying desper- 
ately to restore supphies of pituitaries from 
public mortuaries But the department ts 
facing numerous legal and personal 
obstacles Legally the coroner must 
consent, and the relatives give written per- 
mission Butadeath involving a public post 
mortem 1s usually an unexpected one, 
relatives are shocked, and the case does not 
seem so compelling as for a kidney or a 
heart The DHSS recently sent 200 letters 
and made as many telephone cails to 
coroners and pathologists requesting their 
urgent cooperation — but the department 
has little hope that the supply will rise much 
ın consequence ` 

A few months ago, supply problems 
were even more desperate, when hospitals 
too were failing to provide the glands This 
may have been because morticians, in 
March 1980, negotiated a new contract 
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under which their wages were increased to 
cover extra duties — which included the 
extraction of pituitaries Previously they 
had been paid on a ‘‘piece rate” —- 20 pence 
a gland — so they now had no incentive for 
their unpleasant task Pressure from 
hospital authorities on the workers, 
however, brought a response Public 
mortuary workers also now receive nothing 
where they received 20 pence per gland 
before, so this may also be a factor in the 
HGH supply shortage. Negotiations are 
under way, says DHSS, on how these 
workers might be compensated by the area 
hospital authorities for providing the glands. 

Some officials are suggesting that the 
real cause for the fall in supply is the 
‘‘regularization’’ of collection procedures, 
compared with a little bit of horse-trading 
before In the past, acetone sample bottles 
have been sent through the post, this 1s 
strictly llegal (acetone being inflammable) 
and has now been stopped Also, extrac- 
tion 1s now being done under full contain- 
ment because of the danger of the propa- 
gation of slow virus from an infected gland 
(the pituitary being nervous tissue) 

And were relatives always informed? Dr 
Lowry claims they were, and that he thus 
obtained more than half the pituitaries 
available from public mortuaries in 
London. The problems he lays squarely at 
the door of the DHSS Robert Walgate 


University of London 
Storm ahead 


The reorganization of the University of 
London promises to be a more turbulent 
process than was foreseen a year ago The 
plan that the Swinnerton—Dyer committee 
should make its final recommendations by 
the end of this year has been foreshortened 
by the mounting sense of urgency within 
the university. The committee has now 
agreed, with some misgivings, to produce 
its recommendations before the beginning 
of the next academic year. Meanwhile, the 
basis of the committee’s interim report has 
been questioned by a document now 
circulating within the university, and likely 
to colour the arguments put by the 
Association of University Teachers to the 
committee at a meeting next week 

That document questions the arithmetic 
leading to the conclusion that the 
university’s income will fall by between £15 
and £20 million by the end of this decade 
This 1s held to involve the unwarrantable 
assumption that the 34% per cent cut in 
university finances announced last 
December will be permanent, the 
unnecessary assumption that overseas 
students attending London colleges will be 
charged only the minimum tuition fees 
decreed by the government and incon- 
sistent assumptions about the basis used 
for calculating the loss of income if the 
numbers of overseas students decline 
Briefly, the committee’s calculation for the 
university as a whole 1s said to exclude the 
allowance made by the University Grants 


Committee for part-time students 

This and other documents will form the 
basis on which the union will draw up a 
formal reply to the Swimnerton—Dyer 
committee’s interim report, probably 
before the end of the month Apart from 
arithmetical arguments, the union is con- 
cerned at the negative tone of the interim 
report, which is said to have neglected the 
university’s advantages, in particular its 
attractions for overseas and part-time 
students and the relatively favourable age 
structure of its academic staff. 

This view 1s likely to be echoed by the 
responses from individual colleges ın the 
university, expected by Easter Another 
view gaining ground 1s that the committee’s 
interim report, with its comprehensive 
analysis of how the university spends its 
money, Is sufficient, and that it should be 
for the university rather than the committee 
now to say what should be done. 

The pitfalls for such committees are 
nicely illustrated by the troubles which 
have befallen the Flowers report on the 
organization of the medical schools in the 
University of London After the rejection 
of the Flowers recommendations by the 
senate of the university last October, the 


Soviet activists honoured 


Three leading Soviet human rights 
activists have recently been honoured by 
Western scientific bodies. 

The most prestigious award, foreign 
associateship of the French Academy of 
Sciences, was conferred on Dr Andrei 
Sakharov on 16February This, however, 
according to M. Paul Germain, one of the 
two secretaries of the academy, was in no 
way a political act, but was simply in 
recognition of the great importance of 
Sakharov’s work in various fields of 
physics 

The Catholic University of Louvain in 
Belgium however, took a double view 
When challenged by the Soviet embassy 
ın Brussels that they should not award an 
honorary doctorate to Viktor Brailovsku, 
the Moscow refusmk cyberneticist, on the 


grounds that he was a ‘‘criminal and a 
prisoner” the rector replied that they 
were conferring the award ın recognition 
of his contribution to the field of science 
and for maintaining the weekly seminars 
(for refusnik scientists) 


Finally, the Royal College of 
Psychiatrists in London, ın conferring an 
honorary fellowship on Dr Semeon 
Gluzman, did so specifically in 
connection with his work for human 
rights, for Dr Gluzman’s chief 
contribution to psychiatry was the co- 
authorship (with Vladimir Bukovsku) of 
the samizdat “Handbook of Psychiatry 
for Dissidents’? (a manual on how to 
resist psychological and pharmacological 
pressure), for which he 1s now serving a 
three-year sentence in Siberia following 
seven years ın a labour camp 





Joint Planning Board set up a working 
party to make a more detailed analysis of 
the costs of medical education in the 
University of London The report, based 
on an analysis by a firm of professional 
accountants, suggests that the cost savings 
obtainable by closing various clinical and 
preclinical schools are not those forecast by 
the Flowers committee, and that none of 
the options so far discussed would yield as 
large a saving on the total cost of £32 8 
million as a modest change in the staff- 
student ratio 


Chemical and nuclear weapons 
Scientists speak out 


Two groups are being set up to give 
British scientists a stronger voice on the 
development of weapons of mass 
destruction On 26 February, the Russell 
Committee Against Chemical Weapons, a 
branch of the Bertrand Russell Peace 
Foundation, launched a campaign against 
what is seen asachemicalarmsrace Andat 
the end of this month, a conferences being 
held at the Open University, Multon 
Keynes, to maugurate Scientists Against 
Nuclear Arms, a group committed to pro- 
viding scientific information on nuclear 
weapons. 

Scientists Against Nuclear Arms says 
that it has already received several hundred 
letters expressing interest and support 
And 19 signatures were attached to the 
appeal for names of those opposed to 
chemical weapons when ıt was launched 
last week One notable signatory, Dr 
Frederick Sanger, not distinguished as a 
signer of petitions, 1s particularly con- 
cerned with the possible use of new 
techniques m biology to develop more 
sophisticated chemical weapons and with 
the distortion of research priorities that 
could result from a chemical arms race. 
These issues, and uncertainties about the 
British government’s future policy, have 
prompted the appeal, which asks scientists 
not to take part in research on chemical 
weapons and the British government not to 
stockpile them 

Despite repeated assurances that there 
are no plans to store or manufacture 
chemical weapons in Britain, the appeal’s 
organizers fear that the British govern- 
ment’s policy may change in response to 
pressure from the new Reagan 
Administration to house stocks of new 
binary chemical weapons on European 
soil Last year, the United States 
announced that 1t was building a plant to 
manufacture binary weapons 

Believing the present to be a time of un- 
certainty, the appeal’s organizers say there 
is an urgent need for public and parlia- 
mentary debate Scientists have an impor- 
tant role, they argue, because the develop- 
ment of chemical weapons could be 
influenced more directly than that of any 
other type of weapon by research in non- 
classified laboratories Judy Redfearn 
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Data bank 


Sir — The news item ‘‘Nucleotide 
sequences Too many banks” (Nature 15 
January, p 112) umplied that we do not yet 
have a nucleic acid sequence data bank in 
fact our data base system contains the largest 
collection of nucleotide sequences in the 
world, updated on a regular basis and 
accessed through a sophisticated computer 
retrieval system 

The data bank was first made available to 
the scientific community by telephone link to 
our computer on 15 September 1980, when 
the information base contained over 227,000 
residues of DNA and RNA sequences 
published before | August 1980 During a 
three month demonstration project, the 
collection was updated monthly with 
material published mainly between August 
and October The final total on 12 December 
1980 was 350,000 residues 

We are continuing to update the data base 
and to make it available on a subscription 
basis We are now processing more than 
40,000 residues a month, and a book 1s being 
prepared which will include the information 
in the collection and describe the retrieval 
system and its uses 

The data bank 1s supported by the 
Institute for General Medical Science of the 
US National Institutes of Health, the 
National Aeronautics and Space 
Admunistration, and contributions and 
subscriptions from foundations and 
industrial concerns. The expense involved ın 
maintaining a complete, critically reviewed 
and up-to-date data base 1s too great for ıt to 
be operated on a voluntary basis, so other 
means of support must be sought Our data 
base ts available on a subscription basis (for 
the use of the subscriber in his own 
institution, not for redistribution) The 
collection will be made available on this 
basis to the European Molecular Biology 
Organization for use at Heidelberg, under 
the direction of Dr Greg Hamm, so that the 
interests of the European non-commercial 
research community can be considered 

The cost of such a data base 1s usually 
justified by the resulting benefit to a research 
area If all those organizations that could 
benefit from a nucleotide sequence data base 
were to contribute some support, there 
would be sufficient money to establish a 
continuing project 


MO Daynorr, R M ScHwartz,H R CHEN, 
LT Hunt, W C BARKER, B C ORCUTT 


National Biomedical Research Foundation, 
Georgetown University Medical Center, 
Washington DC, USA — 


Antipodean 2,4,5-T 


Sir — There is continuing concern in Australia 
regarding the possible deleterious effects of the 
herbicide 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) on animal life, especially human 
beings The question of a link between 2,4,5-T 
usage and congenital abnormalities has been 
raised on several occasions? Concerns of this 
nature were major reasons for withdrawing 
2,4,5-T-based defohants (such as Agent 
Orange) from use in the Vietnam war during 
the early 1970s Many batches of defoliant 


contained high quantities of the extremely 
toxic contaminant 2,3,7,8-tetrachloro- 
cyclodibenzo-p-dioxin, suspected of being a 
teratogen International sale of the unused 
defohant was apparently considered by the US 
government’ and some of this defolhiant may 
have been imported into Australia? 

On 18 August 1971 the Australian 
government initiated enquiries under the 
provisions of the Customs Tanff (Dumping 
and Subsidies) Act regarding the importation 
of “‘salts of 2,4,5-trichlorophenol’’ Two years 
later, dumping duties were imposed on goods 
based on the esters and salts of 2,4,5-T, 
retrospective to 4 January 1971 It seems likely 
that large quantities of such goods were bought 
very cheaply overseas and sold on the Australian 
market in the late 1960s or early 1970s 

The chemicals 2,4,5-T and 2,4-dichloro- 
phenoxyacetic acid which make up the 
defoliant Agent Orange would normally be 
classified as pesticides in trade statistics 
However, they could be given a chemical 
classification and assigned the 1972~3 SITC 
code number 512 28 09 (‘‘other phenol 
derivatives, halogenated etc ’’) In the 
financial years 1969-70 and 1970-71 over 300 
tonnes of chemicals with this SITC code are 
recorded in Australian trade statistics as 
imports from Singapore (the ‘‘country of 
production”) None of this material 1s listed as 
an export or re-export of Singapore in that 
country’s External Trade Statistics, and there 
have been no subsequent imports from 
Singapore (A small tmport from Singapore ts 
recorded in 1968-69, but there 1s nothing before 
this ) The Austrahan Bureau of Customs has 
declined to be of any assistance ın determining 
the true nature or origins of these goods 

With the help of the Australan Bureau of 
Statistics we have ascertained that in 1970-71, 
290,000 1b of these imports entered Australa 
through Queensland, and another 22,400 Ib 
through Western Australia The Australian 
Chemicals Guide (Industry Study) shows a 
very limited number of companies involved in 
the processing of halogenated phenols With 
the assistance of the Guide and the reference 
Who owns Whom ıt 1s possible to obtain a 
very short list of potential importers 

The Australian government has access to the 
records which would permit a thorough 
investigation of this matter The results of 
such as investigation could have a vital 
influence on a multi-million dollar 
epidemiological study at present being 
undertaken by the Australian government on 
the effects of defoliants on Vietnam veterans 
The study envisages a comparison of veterans 
exposed to defoliants with those ‘‘unexposed”’ 
veterans who did not serve in Vietnam 

Further details of this matter appear in a 
forthcoming paper® 

PETER HALL”, BEN SELINGER” 
BARBARA FIELD}, CHARLES KERR+ 
*The Australian National University, 
Canberra, and 
+The Commonwealth Institute of Health, 
Sydney, Australa 
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Cell contamination 


Sır — The editorial, “Responsibility for trust 
in research” (Nature 22 January 1981, p 211) 
was excellent Our group sends various human 
cell lines to laboratories all over the world We 
caution scientists about the dangers of cell-cell 
contamination and if we read an article with 
strange conclusions that involved one of our 
many hundreds of cell lines, we offer to re- 
authenticate its identity without cost Often 
the cell line ın question has been passed from 
one laboratory to another We have been 
discouraged to detect publications in which the 
scientists have continued to use a 
contaminated cell line even after the error has 
been pointed out to them Biochemists in 
particular seem loath to seek biological advice 
One chemist replied that the kind of cells that 
he used wasn’t really important 

Actually there are other serious 
contaminations which affect research with 
cells Most cell lines are cultured in media 
supplemented with antibiotics and often the 
cultures are contaminated with slow-growing 
bacteria and mycoplasma Itis difficult to 
detect minimal numbers of these organisms 
Electron microscopy of a pellet of centrifuged 
media may reveal them 

We do not agree that the responsibility for 
monitoring the validity of research rests with 
the department head Departments are too 
complex and even the division heads may not 
have the competence to evaluate a specific 
“‘bench’’ operation The scientist himself and 
his associates in a ‘‘specialty’’ must exert the 
self discipline of avoiding, acknowledging and 
correcting errors 

As the use of enzyme profiles and new 
techniques of cytogenetics and the detection of 
“specific”? antigens and cell products evolve, it 
will be easier to detect cell-cell contamination 
—~ perhaps even hybridization Our methods 
for authenticating cells are still relatively 
primitive The establishment of authorities to 
referee cell-cell contamination is premature 
The donor and recipient of a cell line share the 
responsibility of the authenticity of the cell 
line 

Identification of a cell line should include 
(1) data about the original collection of tissue 
and pathological diagnosis, (2) seria] 
numerical records of all subcultures, (3) 
electron microscopy — preferably of both the 
tissue of origin and the cultured cells, using 
special stains 1f critical, (4) isoenzyme profiles, 
(5) karyotype analysis of chromosome 
morphology after banding, (6) cell products, 
(7) studies of growth ın immunosuppressed 
animals such as nude mice, and (8) growth 
characteristics in various media 

The errors associated with cell lines have 
probably had an infinitesimal effect on the 
fabric of scientific progress in comparison 
with other ridiculous and shameful 
pronouncements For example, governmental 
carcinogens, the clinical effectiveness of 
interferon, and numberless epidemiological 
studies such as telephone surveys of complex 
disease states 


GEORGE E MOORE 
Linpa K Woops 


Department of Surgery, 
Denver General Hospital, 
Denver, Colorado, USA 
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Carbon dioxide and climate: <S» 


ice and ocean 


from Starley L. Thompson and Stephen H. Schneider 


THE presence of carbon dioxide in the 
atmosphere has long been known to affect 
climate through the so-called ‘greenhouse’ 
effect The present rate of growth of 
atmospheric CO, concentration due to 
fossil fuel burning will result in a doubling 
of the CO, level sometime in the next 
century and this may produce a global 
surface temperature increase of between 
1 Sand4°C Since this temperature change 
is as large or larger than any natural change 
in the past few mullenia, the increasing 
interest in the connection between CO, 
and climateis not surprising Recently, new 
ground has been broken in two relatively 
unexplored areas — the measurement of 
natural CO, variations on long time scales 
and the role of the ocean ın modulating 
climatic response to the anthropogenic 
CO, increase 

The absence of firm evidence of past 
CO, variations has been a troublesome gap 
in our knowledge A correlation between 
levels of CO, and palaeoclimatic 
temperature data would constitute the first 
clear empirical evidence of CO,-induced 
chmatic change 
~ Two recent papers have shown that past 
levels of atmospheric CO, concentration 
can be reconstructed from the CO, trapped 
in large ice sheets Berner et al! and 
Delmas et al 2 have analysed trapped air in 
polar ice cores and concluded that large 
variations of atmospheric CO, occurred 
during the past 30,000 years Previous 
attempts to analyse the total CO, content 
of the ice cores failed, but new extraction 
techniques increase the researchers 
confidence that the measured CO, 
variations may reflect accurately the CO, 
variations ın the atmosphere 

Two features stand out in the 
accompanying figure from Berner et al ! 
First, their data show a CO, concentration 
of as little as 200 p p m by volume 10~30 
years ago compared with a present-day 
value of around 340 p p m Second, there 
appears to have been more atmospheric 
CO, in the mid-Holocene (about 5,000 
years ago) than at present Estimates from 


Starley L Thompson is in the Department of 
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Washington and Stephen H Schneider in the 
National Center for Atmospheric 
Research, Boulder, Colorado 
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current clunatic models of the global 
surface air temperature change caused by 
such CO, variations are also shown 
Uncertainties ın present climatic theory 
suggest that these temperature estimates 
should be within a factor of two of the 
actual CO,-induced temperature changes 
-— assuming, of course, that these 
preliminary measures stand up to further 
analysis Note that the estimated global 
temperature changes range from +1 8°C 
to-—2 2°C These represent a large fraction 
of the temperature range deduced from 
other palaeoclimatic evidence for the 
period 
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Graph showing the relationship between 
the atmospheric CO, level reconstructed 
from Camp Century, North Greenland, 
core measurements (upper curve) and the 
corresponding global change in surface air 
temperature estimated from current 
chmatic models (ower curve) (Taken 
from ref 1) 


Should these large CO, variations prove 
to be reasonably accurate, the implications 
for palaeoclimatic theory would be 
enormous One of the most difficult 
problems in palaeochmatic modelling has 
been the determination of the feedback 
processes which must exist to cause the 
large-amplitude glacial to interglacial 
transitions? A feedback including natural 
CO, variations like those in the figure 
could explain as much as half the surface 
temperature amplitude of the ice age/inter- 


| 


glacial climate changes However, 1t does 
not appear that the CO, variations initiate 
these large climate changes as the minimum 
and maximum CO, concentrations do not 
appear to lead the respective glacial and 
interglacial extremes of 18,000 and 6-8 ,000 
yearsago Therefore, CO, changes may act 
only to amplify climate changes that are 
initiated by other means. 

In addition to improving our 
understanding of past climates, any 
evidence that CO, levels were higher during 
the mid-Holocene than today may give 
more credence to the idea of using this 
chmatic ‘optimum’ period — when surface 
temperatures were a few degrees warmer 
than today — as an analogue for the 
climatic change which may be induced bya 
future anthropogenic CO, increase* 

A new area of research on the CO, 
problem has been recently explored by 
Hoffert et alf Previously, most climatic 
modelling studies examining the effect of 
increased CO, have considered the models’ 
response 1n a state of climatic equilibrium 
For example, a researcher would perturb a 
mathematical model of climate with a 
fixed, time-independent doubling of the 
CO, concentration and allow the model 
climate to reach a new equilibrium This is 
a reasonable approach to take when testing 
the various models since it affords an 
order-of-magnitude estimate of climatic 
response for a fixed forcing (for example, 
when the CO, concentration has doubled), 
while meeting the constraints of a limited 
computing budget However, the actual 
CO, increase is a continuous rise, not an 
instantaneous step increase In addition, 
because of its large heat capacity, the ocean 
acts as a thermal buffer by delaying the 
response of the atmospheric temperature 
— an effect that has been neglected or 
undervalued in most equilibrium studies 

“In order to simulate adequately the 
climatic response to the actual time- 
dependent CO, increase one must account 
for oceanic heat capacity, which means 
that one must determine how the ocean 
mixes the excess CO, heating at its surface 
The upper layer of the ocean 1s 
mechanically well mixed by surface winds 
to a depth of approximately 50 metres 
Including the heat capacity of the mixed 
layer alone would delay the global 
temperature response to the CO, increase 
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by § to 10 years®’ But the mixed layer ts 
only a small fraction of the ocean volume 
Mixing occurs throughout the depth of the 
ocean, although at much slower rates than 
within the mixed layer When Hoffert et al 
simulated the heat capacity of the entire 
ocean in an ocean model with vertical 
diffusion and specified upwelling, they 
found that the response of the global 
temperature to the CO, increase would be 
delayed by 10 to 20 years by the year 2,000 
Even longer lags would occur in the next 
century 

The effect of such a global time lag will 
have to be considered when examining 
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Active galaxies: 


from Martin Elvis and Andrew § Wilson 


PLots of the electromagnetic spectrum of 
active galaxies covering the ten decades of 
frequency from radio waves to X rays were 
described at a recent workshop* and show 
just how rapidly this fieldis advancing The 
successes of the radio astronomers’ Very 
Large Array (VLA) and the HEAO X-ray 
observatories enabled radio and X-ray 
astronomers to meet their optical 
colleagues on nearly equal terms for the 
first time The sensitivity and angular 
resolution of the new instruments 1s 
bringing some order into the classification 
of active galaxies — the old diversity now 
appears to have been largely the result of 
observations limited to only the extreme 
examples of particular characteristics 

The meeting was restricted to active 
galaxies and conspicuously avoided their 
close relatives, quasars As a result there 
was an emphasis on objects in which 
resolved structure could be seen The most 
striking examples of this came from the 
detection of over 50 jets by the VLA 
(reviewed by Bridle, VLA, New Mexico) 
These long, collimated structures point 
from the nucle: of bright radio galaxies to 
their giant radio lobes They needed a 
dynamic range approaching 1,000 1 to be 
discovered close to the bright nuclear 
sources but, now that that this has been 
achieved, observations of such jets have 


*A workshop on active galaxies was held in Tucson, 19-23 
January 1981 and was sponsored by the Kitt Peak National 
Observatory 
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future climatic data for the predicted CO, 
warming We may not be able to extract a 
detectable CO, ‘signal’ from the climatic 
‘noise’ (ref.8) until several decades after 
the date estimated from equilibrium 
calculations Thus the absence of 
unambiguous warming during the 
remainder of this century would not serve 
to disprove the validity of our current 
equilibrium estimates of the effect of CO, 
on global temperature. 

However, the determination of the 
global temperature time lag cannot be 
divorced from the complex problem of 
modelling the regional variations in 
oceanic mixing As much of the 
communication between the deep ocean 
and surface waters occurs in downwelling 
polar seas, Hoffert eta/ concluded that the 
as yet poorly understood response of the 
polar oceans to the CO, increase may be 
very important in determining the global 
time lag 

A related idea (discussed by Schneider 
and Thompson’) 1s that variations in 
oceanic mixing which create a geographical 
distribution of effective oceanic heat 
capacity may also serve to produce thermal 
time lags with substantial regional 


become common, almost ubiquitous Over 
60 per cent of the nearby (z< 0 05) 3CR 
radio galaxies have them The jets are seen 
on all size scales from 1 parsec to 1 
Megaparsec Often they are one-sided, 
perhaps as a result of relativistic beaming 

In all likelihood we are seeing the beams of 
relativistic particles which Rees proposed 
ten years ago would power the giant radio 
lobes Polarization measurements show 
that the magnetic field 1s often parallel to 
the jet near the nucleus but turns at right 
angles to the jet further out (although 
sometimes leaving a parallel region at the 
edge) Theres a suggestion that the parallel 
region 1s longer for higher radio core 
luminosities If such a correlation 1s borne 
out ıt will provide useful information for 
the beam instability models discussed by 
Blandford (Caltech), Laing (NRAO, 
Virginia) and van Bruegel (Leiden) 

It is necessary that the jets are confined 
insome way Thesimplest possibility is that 
the galaxy and the jet are surrounded by 
hot gas. This should be visible by X-ray 
emission and observations have been made 
from jets in the three classic sources M87, 
Cen A and 3C273 (Schreier, Harvard- 
Smithsonian Center for Astrophysics) 
However, the detailed correspondence of 
the X-ray, optical, and radio features 
suggests strongly that the X rays are a 
continuation of the jets synchrotron 
spectrum For other 3CR radio galaxies 
initial results of the Einstein survey 
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variations The significance of this goes 
beyond the added difficulty in 
unambiguous early detection of the global 
CO, warming Different thermal lags for 
different regions implies that anomalies in 
surface temperature gradients, and any 
associated regional climatic anomalies, 
may with time become substantially 
different from those computed ın an 
equilibrium simulation. Since it is the 
potential regional climate changes which 
are of the most economic concern, we feel 
that improving our understanding of the 
nature of the transient climatic response 
should be a major priority for future CO,- 
climate research This means more coupled 
atmosphere-ocean—cryosphere modelling 
studies 

Finally, we should poimt out that the 
problem of the transient climatic response 
is just one of a set of interdisciplinary 
problems How much fossil fuel will be 
burned, the global carbon cycle, the global 
and regional equilibrium climatic 
response, the transient response, the 
physical and societal impacts of climatic 
changes, and possible policy responses to 
prevent or adapt to CO, effects are all 
important aspects of the ‘CO, problem’ O 


dragon hunting in Arizona 


(Fabbiano, Harvard-Smithsonian Center 
for Astrophysics) require equipartition 
fields within the jets of the order 106 -107 
gauss If these radio jets are thermally 
confined the expected X-ray emission 
from the confining gas 1s just below the 
current detection threshold 

Miniature double sources have been 
found by Wilson (University of Maryland) 
in five Seyfert 1 galaxies Type 1 Seyferts 
are the archetypal ‘radio-quiet’ active 
galaxies so this discovery 1s particularly 
interesting It demonstrates that the same 
linear symmetry we see so clearly in the 
radio-loud case applies to this other, much 
more numerous, class Since these Seyfert 1 
galaxies have clear spiral structures it 1s 
simple to see whether the direction of radio 
symmetry aligns with the rotation axis 
Such convenient alignment does not 
appear to occur. 

Before leaving jets the extragalactic 
astronomers were presented with a 
‘working scale model’ of their problem 
Hyellming (VLA, New Mexico) presented a 
beautiful series of VLA observations of 
SS433 showing a complex series of changes 
with time He was able to explain these with 
a simple, constant velocity, ballistic blob 
model Whilst this ıs surely too simple for 
the extragalactic case ıt must have some 


Martin Elvis ts in the Center for Astrophysics, 


Cambridge, Massachusetts and Andrew S 
Wilson ts in the Astronomy Program, 
University of Maryland. 


©1981 Macmillan Journals Lid 


Ned 


Nature Vol 290 5 March 1981 


} 


11 


ae a a a o O o 


suggestive power for those trying to 
understand the larger scale phenomenon 

The other three days of the meeting were 
used to examine and compare observations 
of the compact nucle: themselves 
Weedman (Pennsylvania State University) 
presented a useful criterion for 
distinguishing the emission line galaxies 
that need a non-thermal tonizing 
continuum from those that can be 
explained solely by bursts of star 
formation He found that for emission line 
widths greater than 250 km s~! at least 90 
per cent of galaxies needed, as he said, ‘a 
Dragon in the middle’ — a general term for 
any source of a non-thermal continuum 
For narrower line widths no dragon 1s 
needed 

Far from being discarded for their lack 
of activity narrow line ‘starburst’ nucle: 
emerged as a new area of study with radio 
(Gisler, NRAO, Virginia), Ha emission 
lne (Heckman, NRAO, Virginia) and 
X-ray (Fabbiano, Harvard-Smithsonion 
Center for Astrophysics) images providing 
new inputs Why some galaxies undergo 
intense star formation periods is as little 
understood as why other galaxies have 
non-thermal active nuclei 

Further clarification of what constitutes 
an active nucleus came from comparing the 
X-ray (Mushotzky, Goddard Space Flight 
Center) and optical (Huchra, Harvard- 
Smithsonian Center for Astrophysics) 
luminosity functions for active galaxies 


Designer genes 


from a correspondent 


SMALL MEETINGS on molecular aspects of 
biology are rare luxuries these days 
Almost as fast as they well up, new ideas 
and discoveries become part of the 
mainstream, where they sustain shoals of 
workers most of whom are darting 1n the 
same direction at the same time 
Consequently, ıt was refreshing to attend a 
small meeting* on ‘Mammalian Vectors’ 
during which the forty or so participants 
discussed work in varying stages of accompli- 
shment which dealt, m surprising variety, 
with the problems of obtammng expression of 
ectopic genes m mammalian cells 

There are three methods ın common use 
by which foreign genes (generally in the 
form of cloned fragments of genomic DNA 
or cDNA copies of mRNA) can be 
reintroduced into cultured mammalian 
cells by microinjection, linked to segments 
of viral DNA, and by simultaneous trans- 
formation with two separate pieces of 
DNA — one carrying the gene of interest, 
the other a genetic marker which confers a 


*Held from December 1] fo 13 at the Banbury Conference 
Center of Cold Spring Harbor Laboratory 
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These now agree (to a factor two) so the 
two selection techniques — hard X-ray 
emission and broad optical emission lines 
—— do find the same population of objects 

The ‘narrow emission line galaxies’, 
once thought to be a different class, have the 
universal power law X-ray spectrum of 
slope 0 7 above 4 keV that all measured 
Seyfert 1 galaxies possess (Mushotzky) 
Also, better optical spectra showed faint 
broad wings on their Balmer lines, just hike 
Seyfert | galaxies 

Some anomahes remain No-one Is sure 
whether or not Type 2 Seyfert 1 galaxies 
(differing from Seyfert 1 galaxies by the 
absence of broad hydrogen emission lines) 
have dragons in them Also new Einstein 
identifications of active galaxy sources 
(Elvis, Harvard-Smithsonian Center for 
Astrophysics), include two that would not 
have been picked out by an optical survey 
since they have neither strong emission 
lines nor blue colours 

Much detailed theoretical work was 
presented, largely based on the concept of 
an accretion disk around a supermassive 
black hole Although progress is being 
made ın investigating these systems as 
demonstrated by, for example, Begelman 
(Berkeley), Duncan (Cornell) and Elek 
(Institute of Mining and Technology, New 
Mexico), the models need to be explored 
further before the tenuous links between 
theory and observation can be 
strengthened C 


selective advantage on the recipient cells 
Each method has its own set of 
advantages and disadvantages and the 
three techniques therefore should be 
regarded as complementary rather than 
exclusive Mi£croiyection is an efficient 
way of introducing known quantities of 
DNA into cells whose exact location on the 
culture dish is known Enough cells can be 
injected to allow detection by ım- 
munofluorescence of the products of 
expression of the injected DNA Normally 
such expression 1s transient, lasting, at the 
most, for a few days However, about one 
to two per cent of the injected cells can be 
developed into lines which express the 
foreign genes constitutively (Capecchi, 
University of Utah, Lo, University of 
Pennsylvania, French Anderson, NIH) 
Furthermore, Capecchi showed that the 
efficiency with which constitutive cell lines 
are established can be increased some 
20-fold, by injecting together with the 
foreign gene, a segment of DNA which 
spans the origin of simian virus 40 (SV40) 
DNA replication The cause of this 
improvement is unknown, it 1s especially 
puzzling that the effect does not depend on 


the presence of SV40 T antigen and,that it 
occurs irrespective of whether the SV40 
sequences are physically linked to the” 
foreign DNA or merely co-injected with ıt 
The chief reasons for using viral vectors 
are to place foreign DNA sequences under 
the control of known viral regulatory 
elements, and to attach them to viral 
origins of replication so that the ectopic 
sequences can be amplified to high copy 
number in infected cells Viral vectors have 
the further advantage that the foreign 
DNA can be delivered virtually syn- 
chronously to large populations of cells 
Until recently, only one type of viral 
genome — that of SV40 — was used for this 
type of work Typically, the late region of 
the viral DNA is replaced in whole or in 
part by foreign DNA sequences Unlike 
bacteriophage A vectors where the 
recombinant DNA molecules are packed in 
vitro into virus particles, the SV40- 
chimaeric DNAs are first mixed with a 
helper viral DNA and the mixture then 
used to infect permissive cells Although 
only a small proportion of the cells can be 
infected with DNA, the susceptible cells 
efficiently take in both the recombinant 
DNA and its helper The recombinant 
genome replicates and as long as it 1s not 
too large, becomes packed into viral 
particles The resulting mixed virus stock 
can be used to infect enough cells to allow 
analysis of the expression of the foreign 
DNA by conventional biochemical 
techniques Quite a large number of genes 
has now been propagated and expressed 1n 
this way The most recent additions to the 
list are human growth hormone, hepatitis 
surface antigen, human genomic globin 
sequences (Pavlakis, NIH) and the putative 
transforming protein, p21, coded by 
Harvey sarcoma virus (Khoury, NIH) In 
many cases the expression of the exogenous 
genes 1s surprisingly efficient, even when 
the foreign DNA 1s inserted into 
unpromising positions in the SV40 
genome For example, when a form of the 
rat preproinsulin gene from which all splice 
signals have been deleted 1s inserted into an 
SV40 vector which also lacks splice signals, 
recombinant mRNA 1s synthesized 1n large 
quantities under the control of the SV40 
late promoter and translated efficiently 
(Gruss, NIH, see Proc natn Acad Sci 
USA 133; 1981) This result indicates 
that lack of splicing may not be as strong a 
deterrent as had previously been thought to 
the expression of ectopic DNAs 
~ Promising though the SV40 system 1s, ıt 
has suffered from two disadvantages 
First, virus populations which contain 
recombinant genomes are always mixed, 
and sometimes the particles which carry 
foreign DNA sequences form only a small 
proportion of the virus stock Second, the 
size of the foreign insertion Js limited by the 
amount of DNA which can be packed into 
SV40 particles However, several new 
vectors are being developed which promise 
to alleviate these difficulties Bovine 
papilloma virus 1s capable of transforming 
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mouse cells to yield cell hnes which, by 
contrast to similar cells transformed by 
SV40, contain 10-120 copies of circular 
viral DNA with no evidence of integrated 
viral sequences Howley (NIH) has 
attached the rat preproinsulin gene to the 
transforming region of bovine papilloma 
virus DNA and has established trans- 
formed cell lines which contain episomal 
copies of the recombinant DNA The cells 
contain spliced preproinsulin mRNA and 
secrete significant quantities of proinsulin 

Gluzman (Cold Spring Harbor Labo- 
ratory) has developed lines of permissive 
simian cells which constitutively express 
functional SV40 T antigen They can there- 
fore be used in the absence of helper to 
propagate recombinant SV40 molecules in 
which the early region of the viral genome 
has been replaced by foreign DNA 
sequences, or to amplify DNA molecules 
which carry the SV40 origin Using this 
system, Mellon (California Institute of 
Technology) has attached to the SV40 
origin cloned copies of human chromo- 
somal globin genes Forty-eight hours after 
the introduction of these chimaeric 
molecules to COS cells, the globin genes 
direct the synthesis of approximately 104 
molecules of globin mRNA per cell. The 
mRNAs are spliced, polyadenylated and 
have 3° and 5° ends identical to those of 
normal globin RNA These results show 
that cloned copies of chromosomal genes 
which carry their own control sequences 
and which normally are active only in 
specialized cells can be efficiently 
expressed when reintroduced to undiffer- 
entiated tissue culture cells and amplified 
to high copy number as part of an SV40 
recombinant genome 

Two groups (Thummell, University of 
California, Berkeley, Solnick, Cold Spring 
Harbor Laboratory) have used defective 
adenovirus 2 genomes to propagate and 
express foreign DNA. Using different 
techniques, both groups have constructed 
a series of recombinants ın which the 
expression of the early region of SV40 1s 
placed under the control of the major 
adenovirus late promoter Many of the 
recombinants synthesize large quantities of 
authentic SV40 large T antigen This result 
opens the way to use of adenovirus as a 
vehicle for the propagation and expression 
of moderate-sized eukaryotic genes, as, at 
least ın theory, adenoviral vectors can be 
constructed which are able to accept 
segments of foreign DNA 30-35 kilobases 
in length 

Finally, although other selective markers 
are being developed (methotrexate re- 
sistance, neomycin resistance, dependence 
on guanine phosphotransferase; Southern 
and Subramanian, Stanford University), 
thymidine kinase, cloned either from 
herpes simplex virus or from chicken DNA 
remains the marker of choice in co- 
transformation experiments. Using this 
technique, there is no difficulty in 
obtaining cell lines which contain a few 
copies of the foreign DNA of interest, in 
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the form of a large catenate formed by 
recombination between the incoming 
thymidine kinase gene, the carrier DNA 
and the foreign sequences themselves 
(Wigler, Cold Spring Harbor Laboratory, 
Ruddle, Yale) In general the level of 
expression of the foreign sequences 1s too 
low to be useful Nevertheless, the system 
can be manipulated in interesting ways For 
example, Kurtz (Cold Spring Harbor 
Laboratory) reported that the a-2u 
globulin genes which code for the major 
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urinary protein of rats can be introduced by 
co-transformation into cultured mouse 
cells Several cell lines were obtained in 
which these foreign genes could be turned 
on by dexamethazone. The finding that co- 
transformed genes can continue to respond 
to hormones opens up the exciting 
possibility of analysing hormonally 
controlled genes by the same techniques 
that have been so successful in dissecting 
the fine structure of other viral and cellular 
promoters C) 


Astrophysics and particle physics 


come together 


from Frank E Close 


THE advances made ın high-energy physics 
and astrophysics have enabled the 1970s to 
be described as the greatest ever in 
fundamental research The discoveries of 
the J/w particle in 1974 and of charm in 
1976 provided major evidence supporting 
the theory that united the electromagnetic 
and weak forces. Some of these particles’ 
properties caused attention to be focused 
ona candidate theory of quark interaction, 
named ‘quantum chromodynamics’ or 
simply QCD (The so-called ‘strong’ 
nuclear force ıs now viewed as a 
complicated manifestation of this more 
fundamental QCD force which acts on the 
quarks — the constitutents of the 
subnuclear particles.) Although still some 
way from being verified, accumulating 
data do appear to fit in with theoretical ex- 
pectations based on QCD 

The mathematical similarities among the 
theories of the electromagnetic, weak and 
‘strong’ forces are so striking that theorists 
have tried to build a grand unifying theory 
which would include all the natural forces 
except gravity The simplest way of imple- 
menting the theory has already successfully 
predicted the existence and mass of the 
fifth variety of quark (the so-called 
‘bottom’ quark) Much experimental 
effort 1s now centred on the prediction that 
protons are unstable 

These topics were all reviewed at the 
annual meeting of the UK High Energy 
Theoretical Physicists held ın December at 
the Rutherford and Appleton Laboratories 

J Badier (Paris) reviewed experimental 
data on the behaviour of quarks inside 
protons and pions and together with R 
Roberts (Rutherford Laboratory and 
CERN) discussed how well these and other 
data fit with the QCD theory of quark 
interactions The answers continue to be 
very encouraging Everything seems to fit 
with the theory, and although far from 
proved one increasingly feels that ıt would 
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now require something totally unexpected 
to overthrow It. 

Although the basic tenets of QCD are 
rather simple, the rich structure arising 
from them is still only poorly understood 
M Creutz (Brookhaven, New York) des- 
cribed some computer-based studies of 
QCD performed on a ‘lattice’ (where 
space-time 1s treated as discrete rather than 
as a continuum) which suggest that QCD 
leads to confinement of gluons (the QCD 
quanta, analogues of photons ın QED) and 
thus, it 1s speculated, of quarks Durect 
proof of this is still,however, unavailable 
Some technical problems on the behaviour 
of QCD in the IR region were discussed by 
J C Taylor (Cambridge) Some feel that 
deeper understanding of this domain might 
resolve the confinement question 

Looking to future developments, 
searches for proton decays and their 
significance for grand unified theories of 
the natural forces were discussed D 
Perkins (Oxford) described the ex- 
periments planned or in operation Present 
limits show that the proton lifetime 1s 
greater than some 10?? years Perkins 
pointed out that logistic problems with 
experiments deep underground and with 
backgrounds from neutrinos would prob- 
ably prevent this limit ever being pushed 
beyond 10 years Grand unified theories 
predict 107!+2 years — satisfyingly in this 
window! Observation of such proton 
decays ın the near future could provide a 
major impetus for belief in grand unified 
theories 

The theoretical issues involved in 
constructing grand unified theories of the 
particles and forces were detailed by J Ellis 
(CERN) In our cold world, energy 
densities are rarely much greater than 1 
GeV per fm? and the forces appear quite 
different from one another in their 
strengths and properties (see Dombey 
Nature 288, 643, 1980) The unification of 
the forces is manifested at energy densities 
some 10!5 times greater than these (note 
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that gravity is not important until densities 
of yet a further 10* are met, and so gravity 
can still be ignored) High-energy 
accelerators of subatomic particles can 
create locally energetic conditions and do 
appear to show a glimpse of the trends 
required if QCD ıs to be unified with the 
electroweak force, but we are still many 
orders of magnitude from 10!° GeV. 
However, such energy densities were 
probably common ım the early Universe 
and it 1s here that a new merging of interests 
in high energy and astrophysics is taking 
place These were described by Ellis and R 
Tayler (Sussex) i 

Proton stability is particularly 
significant as several years ago Andrei 
Sakharov (Gorki) had noted that three 
ingredients were required if we were to 
understand the apparent excess of matter 
over antimatter in the Universe at large. 
One 1s an absolute distinction between 
them this 1s indeed provided in nature by 
the phenomenon of CP violation (whose 
discovery led to the 1980 Nobel prize for 
Cronin and Fitch of the US) The second 1s 
an absence of thermal equilibrium’ 
provided in modern cosmology theory by 
the big bang expansion Finally, proton 
instability 1s required. This is indeed 
provided by the grand unified theories; we 
wait to see if it is also provided by nature! 

Within the grand unified theories it has 
been argued that mechanisms naturally 
exist that will give rise to the observed 
quantitative matter excess Ellis pointed 
out that the validity of this ‘explanation’ 
can be tested because the mechanism also 
generates an electric dipole moment for the 
neutron At present there 1s an 
experimental upper limit that places this 
moment at less than about 107% e cm 
Present experiments hope to lower this by 
three orders of magnitude Ells noted that 
the above theories provide a ‘cosmological 
lower bound’ some four orders of 
magnitude below the present limit! This 
should provide a significant spur to 
experiment and provides another example 
of how studies of subnuclear particles can 
reveal the mechanisms responsible for the 
development of the early Universe 

One of the more recent lines of 
investigation is into the question of 
whether there are new phenomena between 
the present energies and 10! GeV (apart 
from the predicted production of massive 
W,Z particles of the electroweak theory 
and the postulated sixth quark and Higgs 
particles). In particular, the nature of the 
Higgs particles 1s unclear 

During the past year there has been much 
interest in the possibility that the Higgs 
particles are not elementary but are dyna- 
mically bound composite systems of more 
fundamental entities E. Exchten (Harvard) 
described so-called ‘hypercolour’ or 
‘technicolour’ theories that contain the 
Higgs particles as composite bound states 
and in some formulations require 
substructure to the leptons and quarks. 
These theories predict that a new ultra- 
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high-energy scale of phenomena exists in 
nature Eichten described possibilities of 
testing these ideas at present energies 
Experimentalists are urged to search for the 
light pseudo-Goldstone bosons predicted 
in the theory (possibly of a mass of about 
10-20 GeV and producible ın electron- 
positron annihilations) or to search for the 
rare decay modes that technicolour’s 
existence can induce from the conventional 
particles (like wey, K>pe) 

Finally, in all these brave schemes to 
unify our understanding we come up 
against the perennial problem — gravity. 
How gravity fits into nature’s schemes still 
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something of a mystery P van 
Nieuwenhuizen (Stony Brook, US), ene of 
the founders of ‘supergravity’ theory, 
described developments in this exciting 
field Some of the technical problems that 
arise attempts to build a satisfactory 
quantum theory of gravity appear to be 
overcome if gravity 1s but part of a larger 
theory — supergravity. This theory 1s very 
elegant mathematically and yet, frustra- 
tingly, we have little or no indication that 
Nature has made use of ıt van Nieuwen- 
huizen succinctly summarized the beauty of 
the mathematical structures by saying “ʻI 
hope that Natures aware of ourefforts” O 


T physics—from bottom to top 


from Roger Cashmore 


THE T meson was first observed in 
proton-proton collisions late ın 1977 at 
Ferm: National Accelerator Laboratory 
(FNAL) The meson had a mass of ~ 9.45 
GeV and was seen in its decays to ut p7 and 
e+e— with a width consistent with the 
measurement resolution (The width of a 
resonant state 1s related to its lifetime. Very 
short lifetimes lead to large widths 
However, even a narrow state can appear 
to be broad if the experiment ıs limited by 
the measurement accuracy. The width then 
reflects the experimental resolution) A 
further state, the T’, was also indicated at 
amass of ~ 10 00 GeV 

These observations were quickly con- 
firmed in experiments at the et e~ storage 
ring, DORIS, at DESY m Germany. The 
f and YT’ were observed as separate 
states, “~ 580 MeV different in mass, and 
sincethenthe T has been shown to havea 
total width of 20-50keV, a remarkable fact 
for such a high-mass state and rather remi- 
niscent of the y Generally,states of such 
high mass decay quickly into many lower- 
mass particles leading to large intrinsic 
widths of hundreds of MeV Combined 
with the FNAL data, these accurate 
measurements of the masses of the T and 

T ’ states suggested the existence of yet a 
third T resonance at a mass just beyond 
the reach of the DORIS storage ring 

It appeared that the bound state system 
of a new quark, the charge 4 bottom 
quark (b), and its antiparticle (b) was being 
oberved. The T was the ground-state bb 
meson andthe T’ its first excited state 
New quarks, bottom (charge '4) and top 
(charge 24), had been implied by the earlier 
observation of a new lepton, the t lepton, 
at the electron—positron storage rings 
SPEAR and DORIS, capable of reaching 7 
and 10 GeV energies respectively. 

The past year has seen the successful 
operation of a new electron—positron 
storage ring, CESR, at Cornell which can 
be used for experiments in the 8-16 GeV 
mass region. This covers the T mass 
range and allows much more detailed 
studies of this new quark system The T 


and T’ states were confirmed and the 
third state, the T”, observed at a mass of 
~ 10 32 GeV All three states had widths 
consistent with the machine resolution, 
suggesting that they were all narrow 
resonances 

However, as the beam energies were 
raised a fourth structure, the T’, was 
observed at a mass of ^ 10 54 GeV but this 
had a width of ~ 10 MeV, larger than the 
machine resolution and in marked contrast 
to the other states. This suggests that the 
state 1s above the threshold for decay into 
BB, B being a bq meson (where q 1s one of 
the more familiar u, d, s quarks) carrying 
the flavour of the new b quark. Thus these 
T states provide a laboratory for the 
study of both the bound systems of this 
quark, bb, and the open flavour states bq 

These two areas are vital in validating the 
present descriptions of the forces in 
particle physics The strong force, which 
binds the quarks and antiquarks to form 
the mesons, 1s hypothesized to be indif- 
ferent to the quark flavour and only related 
to their colour through the exchange of 
coloured gluons between them. (Earlier 
results had indicated the need for three 
colours of each flavour of quark ) Hence 
qq systems should be similarly independent 
of the quark flavour This model for the 
strong interaction is known as 
QCD (quantum chromodynamics) On the 
other hand, the weak force, now believed 
to be unified with the electromagnetic 
interaction according to the gauge theory 
of Weinberg and Salam, implies specific 
transitions between the different flavours 
of quark, for example, cs, s>u These 
hypotheses need quantitative verification. 

In the bb bound system the mass differ- 
enceofthe T and TY’ 1s close to that of 
the w and w!, indicating that, although the 
new quark has a mass ~ 5 GeV in contrast 
to the charm quark mass of ~ 1 5 GeV, the 
quark forces (or potentials) are essentially 
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unaltered This 1s the remarkable result, 
that? the force ıs flavour mndependent, 
which 1s expected 1f the strong forces are 
andeed due to the exchange of coloured 
gluons as embodied in QCD 

These narrow states, too low in mass to 
decay to bq + bq mesons, are further 
expected in QCD to decay by the emission 
of three gluons (the smallest number 
allowed by a vaniety of selection rules) 
Detailed analysis of the hadronic final state 
of the T .ndicates that even this 
prediction 1s consistent with all of the 
observations Thus this T system 
confirms dramatically the QCD model of 
strong interactions 

The T” should be a prolific source of 
B mesons, and hence detailed studies of 
their properties (and those of the b quark) 
will be possible A B meson has yet to be 
demonstrated at Cornell (an earlier pos- 
sibility from a CERN experiment has since 
disappeared with further data) Its decay 
modes are many and the multiplicity of 
particles in each 1s expected to be very high, 
making a clean identification difficult 
Nonetheless, ıt 1s possible to look for 
irregularities that might be associated with 
the  “ and hence the B particles An 
excess of K mesons 1s observed and these 
are expected if the b quark (within the B 
meson) undergoes a weak decay transition 
to the charm quark, which has a well 
documented prediliction for strange 
particles in its decay The excess is, within 
the large errors, just what would be 
expected Furthermore, the semi-leptonic 
weak decays of the B mesons (B— xey, 
where v represents one or more hadrons) 
lead to increased numbers of electrons and 
muons Such increases are observed and 
the inferred branching ratios for these 
decays are 24 + 6 per cent, whereas the 
standard model, containing a top quark, 
would suggest a value of ~ 34 per cent, not 
widely inconsistent with the experimental 
value Thus the data, sparse as they are at 
the moment, suggest that the standard 
model remains intact with the most hkely 
existence of a top (charge %4) quark and a 
weak decay chain t>b>c>s Higher 
energies than those achieved so far at 
PETRA( 38 6 GeV) will be needed in the 
search for this quark A very recent paper 
(S Glashow Phys Rev Lett 45, 1914, 
1980) puts forward further theoretical 
arguments for a mass of 38* 2 GeV for the 
top quark Experimentalists should soon 
be able to check on this The present gauge 
model relies on its existence The new 
facilities ın Cornell will undoubtedly 
produce far more quantitative results ın the 
future These will allow more systematic 
tests of our current ideas of the quarks and 
their strong and weak interactions and 
perhaps ın this quantitative exposure new 
possibilities willemerge After all, we have 
as yet no explanation for the number of 
generations of quarks and leptons 
Experiments will perhaps one day provide 
the clue An exciting few years are ın store 
at Cornell O 


0028 0836/81/100014 02$01 00 
+ 


Molecular hydrogen 
in T Tauri 


from Stephen P Maran 


THE discovery of ultraviolet molecular 
hydrogen emission in T Tauri with the 
International Ultraviolet Explorer satellite 
(see Brown ef al this issue of Nature p 34) 
has considerable potential for three fields 
of research the nature of T Tauri stars and 
their associated nebulae, the formation 
and development of the Solar System, and 
the study of molecular hydrogen in the 
Galaxy T Tauri stars have masses about 
equal to that of the Sun, but are rotating 
much more rapidly and are thought to be 
stars still-in-the-making, only about a 
million years old and still contracting 
towards the Main Sequence Some appear 
to be losing mass, the so-called ‘T Taun 
wind’, while others appear to be still 
accreting matter from the surrounding 
nebulae It1s widely accepted that the Sun 
passed through a T Tauri phase and models 
of Solar System formation take into 
account the postulated high wind and 
luminosity and the concomitant decreasing 
gravitational attraction of the early Sun to 
solve a number of problems Among them 
are the placing of Mercury and perhaps 
other planets into their present orbits, the 
sweeping out of excess gas and dust 1n the 
protoplanetary nebula, the dispersal (in 
modern versions of the Laplace nebular 
hypothesis) of gas rings ın the planetary 
orbits, the formation of chondrules found 
in meteorites, and the reduction of the 
Sun’s rotation to its present very low rate 
T Tau itself, the prototype of the stellar 
class, is associated with a small luminous 
cloud called Burnham’s nebula 

It had been thought unlikely that 
ultraviolet emission known to occur in 
nebulae would be detectable ın Burnham’s 
nebula with instruments having the sensitivi- 
ties of the two IUE spectrographs Brown et 
al confirmed this, for they found no 
previously known nebular lines in the 
spectrum of the object, but instead 
discovered emission in the H, Lyman bands 
that previously were seen only in sunspots 
In recent years, astronomers have 
concluded that the interstellar gas 1s not 
dominated simply by atomic hydrogen but 
that there 1s also a substantial molecular 
component This has been largely inferred 
from observations of the CO molecule ın 
the galactic plane but H, in the general 
medium has also been seen through its 
ultraviolet absorption lines (a technique 
feasible only in the directions of 
appropriate hot stars that serve as 
background continuum sources), and H, 1n 
severa] nebulae (including Burnham’s 
nebula) has been found via the infrared 


Stephen P Maran is Senior Staff Scientist in the 
Laboratory for Astronomy and Solar Physics, 
NASA-Goddard Space Flight Center, 
Maryland 


Nature Vol 290 5 March 198] 


vibration bands More recently, a bound- 
free absorption continuum of the H,* 10n 
has been detected ın planetary nebulae (S 
Heap and T P Stecher Proc Conf on the 
Universe at Ultraviolet Wavelengths 1980) 

Brown ef al distinguish between two 
mechanisms for H, excitation tn 
Burnham’s nebula and favour the ‘shock 
excitation’ model The nebula ıs much 
smaller than the Oort cometary cloud that 
surrounds the Sun, and hence phenomena 
on its scale may well be relevant to the early 
evolution of the Solar System Since H, 
must be a principal component of the 
nebula, observatidns with more sensitive 
ultraviolet instruments having very fine 
angular resolution (notably, the High 
Resolution Spectrograph now under 
development for flight on the Space 
Telescope) will enable astronomers to 
investigate the dynamics of the shocked 
gas In the meantime, nebular specialists 
will be busy calculating where else ın the 
Galaxy this new diagnostic may be 
detectable C 


Planarian neoblasts 


from J Baguna 


In a News and Views article on 21 August 
1980 Jonathan Slack! reviewed briefly the 
sources of the cells involved ın regeneration 
in planaria and, ın doing so, made several 
assertions that deserve comment 

(1) ‘Neoblasts’ are indeed small basophilic 
cells present in planaria But to think of 
them as cells ‘reserved’ for regeneration 1s 
equivocal since many planarian species, 
having sexual reproduction, never 
regenerate in nature So what are the 
neoblasts for? The answer lies in con- 
sidering the neoblast not just as a ‘reserve’ 
cell but as the stem cell of most differen- 
tiated cell types supplying transit cells to 
balance the death of cells 

(2) In planarian regeneration it 1s 
meaningless to argue whether neoblasts 
come from all parts of the body or from 
local tissues through metaplasia because 
the blastema can be formed (and 1s formed) 
from pre-existing local neoblasts proli- 
ferating near the wound Moreover, 
Wolff’s experiments, which have been 
cited as evidence for mugratory 
neoblasts,have been consistently 
criticized? because at most, they only 
show the ‘repopulation’ of the irradiated 
region by healthy neoblasts through cell 
division and do not prove a direct 
migration of neoblasts from unirradiated 
regions to the wound 

(3) Slack points out that ‘‘histological and 
electron microscopic studies suggest that 
local dedifferentiation does occur” The 
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available evidence 1s scanty and unclear so 
this seems a bold assertion Other 
authors’® have been unable to find any 
dedifferentiating features in any of the 
blastema constituting cells 

(4) The results reported by Gremign: and 
Miceli? supporting cell dedifferentiation 
and transdifferentiation in planarians, 
though offering new ways to re-evaluate 
the problem of blastema formation, are 
not as conclusive as has been suggested 
First of all, the sequence proposed germ 
cell blastema cell muscle cell, and its 
corollary of dedifferentiation and meta- 
plasia are not necessarily related as the loss 
of an haploid complement during spermio- 
genesis, though one of the first steps from 
neoblasts to male germ cells, 1s only a trivial 
phenomenon regarding cell determination 
Unless spermatids or primary sperma- 
tocytes are shown to give rise to blastema 
cells, and then to differentiated cells, we 
cannot talk properly of dedifferentiation 
and metaplasia At the most, this would 
qualify for dedetermination (or trans- 
determination) and the sequence proposed 
should be read instead as predetermined or 
determined germ cell—blastema cell> 
muscle cell Second, and more important, 
the sequence suggested by Gremigni and 
Miceli, 1f proved correct, has to be 
demonstrated for other differentiated cell 
types since several planarian species, being 
asexual, lack germ cells Besides, it 1s 
possible, as suggested by Betchaku* and 
Pederson’, that both processes (neoblasts 
and metaplasia) occur during planarian 
regeneration If this were the case, the 
important issue would be to know the 
partitioning between both phenomena 
during planarian regeneration 

(5) Though most (but not all, witness 
Hydra) regenerative phenomena in the 
Animal Kingdom have been proved to 
occur through cell dedifferentiation and re- 
differentiation, the present trend to extra- 
polate this mechanism to all animal groups 
(including planarians) overlooks the 
possible relationship between the actual 
mechanism of regeneration and the com- 
plexity of the species Planarians are one of 
the most primitive acoelomates, and their 
tissular complexity is rather low if 
compared with other epimorphic-regen- 
erating organisms like Amphibia or 
Insecta No wonder that dissimilar 
mechanisms may operate during re- 
generation in these groups The planarian 
neoblast system, based on a unique and 
multipotential self-renewing stem cell, 
though appropiate to the low-level 
complexity of planarians, ıs clearly 
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inadequate for organisms with static 
(decaying) cells and transit cells that 
require different determined stem cells 
placed in different body regions 
Consequently, the dedifferentiation 
process, necessary for Amphibia regenera- 
tion, 18 not necessary for organisms like 
planarians which are ın a continuous state 
of rapid cell turnover'!® Unless new data on 
planarian histology and cytology, cell 
dynamics, and life cycle are obtained, the 
extrapolation of other mechanisms of 
regeneration to planarians!? and the con- 
struction of theoretical models of 
planarian regeneration!! will be of little 
value 

J.M.W. Slack comments: In my article J 
attempted to show that several 
independent issues are involved in 
establishing the source of cells for 
regeneration, each of which must be 
approached through a different 
experiment As Baguna implies, the simple 
dichotomy -— ‘neoblasts versus 
metaplasia’ —- 1s often not an adequate 
statement of the problem I believe that the 
controversy which has arisen in this field in 
the past has largely been caused by an 
imprecision in the question asked g 
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A carbohydrate 
signal for 
intracellular transit 


from Mike Geisow 


JUST Over a year ago, the function of the 
oligosaccharide chains added to many 
newly synthesized proteins was discussed in 
these columns (Sugars and intracellular 
recognition, Nature 281, 15, 1979). It was 
noted that an early hypothesis — that 
carbohydrate acted as a marker for 
secretion —- had been superseded by the 
discovery of the signal peptide However, it 
did seem as if carbohydrate on non- 
secreted proteins might still act as a signal 
for intracellular transit from the 
endoplasmic reticulum to subcellular, 
membrane-enclosed destinations Recent 
work has shown that this is indeed the case 
for lysosomal enzymes 

Characteristically, lysosomal enzymes 
are glycoproteins and many have been 
shown to contain mannose residues phos- 
phorylated at carbon-6 1n the hexose rings 
Both glycosylation and phosphorylation 
occur in the endoplasmic reticulum and 
appear to be directed by the sequence and 
conformation of the polypeptide 
substrate, not all proteins receive both 
modifications The importance of both the 
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mannose and the phosphate groups 1n 
receptor-mediated processes first became 
apparent when glycoproteins expressing 
both determinants were shown to be 
rapidly and specifically endocytosed by 
fibroblasts Next, the uptake of a variety of 
lysosomal hydrolases was found to 
be subject to competitive inhibition by 
mannose phosphate These observations 
suggested three rival routes for lysosomal 
enzymes from their sites of synthesis to 
primary lysosomes Two of these, 
involving secretion followed by re-uptake 
or cycling as receptor complexes via the 
surface membrane, appear to be of minor 
importance receptor-saturating levels of 
extracellular mannose-6-phosphate do not 
deplete lysosomal enzyme levels Fischer 
and his colleagues (J biol Chem 255, 
9608, 1980) now present firm evidence fora 
major intracellular transit system using 
fi-hexosaminidase B in fibroblasts. 

It was found that 80 per cent of 
the mannose-6-phosphate receptors were 
intracellular and faced the interior of 
endoplasmic reticulum or lysosomes The 
highest specific activity of enzyme-binding 
receptors was present in these cell 
fractions Moreover, the intracellular 
receptors were combined with endogenous 
enzymes and presented an occupancy 
gradient which ran steeply downhill from 
endoplasmic reticulum to lysosomes The 
inference 1s that protems which receive 
phosphorylmannose in the endoplasmic 
reticulum as a result of as yet unknown 
conformational signals in the polypeptide, 
are recognized and transferred to primary 
lysosomes by an essentially intracellular 
route 

In the report referred to earlier, 
attention was drawn to the frequent 
observation of secretary protein 
proteolysis ın endocrine cells treated with 
inhibitors of protein glycosylation In such 
cells, failure of the glycosylation system 
presumably produces not only non- 
glycosylated hormones, but also 
carbohydrate-free acid hydrolases co- 
synthesized ın the endoplasmic reticulum 
What happens to the non-glycosylated 
lysosomal enzymes? In I-cel] disease, 
defective addition of phosphorylated 
carbohydrate to the enzymes results ın their 
secretion Co-packaging of acid hydrolases 
and normal secretory products in the acid 
environment of a secretion granule may 
well explain the observed aberrant 
proteolysis This argument leads to an 
interesting thought — 1s such proteolytic 
attack on hormones always abnormal? 
Some hydrolases appear to be naturally 
present ın secretion granules as opposed to 
lysosomes These are the conversion 
enzymes which give rise to products as 
diverse as insulin, oxytocin and 
enkephalins from the original precursors 
Do such proteases arrive at their 
destination in the secretory granule 
because they normally lack a mannose-6- 
phosphate-containing oligosaccharide 
chain? 0 





0028-0836/81/100015 01501 00 


©1981 Macmillan Journalis Lid 


16 


Beyond the giga-seal 


from Robert McBurney 


Two recent technical developments 
promise a new era in the examination of the 
movements of 10ns across the surface 
membranes of excitable cells As well as 
the achievement of much higher current 
resolutions it 1s expected that one 
technique, using an ‘excised patch’, will 
make it possible to monitor changes in 
membrane properties while being able to 
directly influence the environment on the 
inside surface of the cell membrane 

The new techniques stem from the 
development by Neher and Sakmann 
(Nature 286, 71, 1980) of a method for the 
direct measurement of the 1onic current 
flowing through single ton channels in 
biological membranes These recordings of 
picoampere (107!*A) currents are made 
with a specially constructed glass pipette 
which seals off a small patch of membrane 
(about | um in diameter) on the surface of a 
cell from the rest of the surface membrane 
The successful interaction of agonist 
molecules in the solution inside the pipette 
with receptor—ion channel complexes on 
the patch of membrane generates discrete 
pulses of 1onic current which are recorded 
by a low-noise current-to-voltage 
converter The current loop for 
measurements 1s from the pipette internal 
solution through open 10n channels in the 
patch to the cytoplasm, then through 
‘leakage’ channels in the membrane 
outside the patch to the bulk bathing 
solution and through the recording device 
to the pipette solution 

If some of the current flowing through.the 
ion channels fails to complete this recording 
circuit, and a proportion returns via the seal 
between the pipette wall and membrane or 
through leakage channels in the patch 
itself, the crue single-channel current 
amplitude is not measured While the latter 
return pathway Js not significant, except 
for larger patches on very small cells, the 
achievement of adequate seals has been a 
key factor in the application of this 
technique to different preparations Not 
only does the relationship between seal 
resistance (R,,,,) and recording system 
resistance determine the propogtion of the 
actual current recorded but the thermal 
current noise in the seal resistance 
(inversely proportional to V R,,,)) 
determines the lower limit of current 
resolution of the recording system 

Despite problems ın creating adequate 
seals, the patch recording technique has 
been successfully applied over the past five 
years to a variety of preparations, 
including denervated frog muscle, cultured 
rat muscle (myoballs), locust muscle and 
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squid giant axons The channels 
investigated have mostly been those 
activated by receptor agonists (cholinergic 
in frog and rat muscle, glutaminergic in 
locust muscle), although ın one case (squid 
giant axon) the properties of voltage- 
dependent K+ channels have been studied 
The technique has been used to confirm 
and extend data obtained by the analysis of 
membrane current fluctuations (see 
Stevens Nature 270, 391, 1977) In 
addition, ıt has yielded new information 
concerning the detailed kinetics of action 
of some drugs, for example local 
anaesthetics on acetylcholine-activated 10n 
channels (Neher and Steinbach J Physiol, 
Lond 277, 153, 1978), and has revealed the 
behaviour of ton channels during 
desensitization (Sakmann et al Nature 
286, 71, 1980) 

The first excitmg new development to 
come from Neher and Sakmann’s 
technique arose from efforts to increase 
the sealing resistance By applying suction 
to the recording pipette as ıt was placed on 
the surface membrane of a cultured muscle 
cell, F Sigworth and E Neher (Gottingen) 
found that a very high-resistance seal 
(>10 Q) was, in some cases, suddenly 
created This seal and its associated low 
current-noise even at a bandwidth from 
DC-7 kHz allowed Sigworth and Neher to 
resolve single voltage-dependent Nat 
channels those normally associated with 
the generation of muscle action potentials 
In their preliminary report (Nature 187, 
447, 1980), as well as describing the ‘giga- 
seal’ and presenting clear records of single 
Nat channels, they have shown that these 
channels have conductance and average 
lifetime values which agree with those 
obtained by more indirect means They 
also demonstrate the independence of 
channel behaviour by showing that the sum 
of many records, usually containing just 
one channel opening in response to a fixed 
membrane depolarization, mimics the 
behaviour of many channels operating 
simultaneously 

The future application of the ‘giga-seal’ 
technique to excitable tissues will permit 
the investigation of ‘gated’ 10n channels in 
cells or regions of cells not amenable to 
voltage-clamp analysis with intracellular 
microelectrodes, such as smooth cells, 
gland cells, unmyelinated axons and 
possibly even nerve terminals In addition, 
the technique provides improved current 
resolution and, for single-channel currents 
already observed by the original method, a 
much wider bandwidth for recording 
which will undoubtedly reveal finer details 
in the kinetics of channel activation and 
inactivation 

Perhaps more exciting than the 
achievement of the ‘giga-seal’ itself has 
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been the recent observation made by two 
groups of workers, R Horn and J Patlak 
(Yale) and O Hammill and B Sakmann 
(Gottingen) They found that, once 
established, this seal was almost impossible 
to shake off When the electrode was 
pulled away from the cell ıt seemed that the 
patch of membrane was excised on, or 
within, the tip of the electrode and single- 
channel currents could still be observed if 
the transmembrane voltage was appropri- 
ately adjusted After a short time the 
recording ceased, possibly due to a 
membrane-bound vesicle being formed 
within the electrode tip (because the high- 
resistance seal remained) The two groups 
solved the problem of vesicle formation in 
different ways Horn and Patlak (Proc 
natn Acad Sct U SA 71, 6930, 1980) 
found that fluoride ions delayed or 
prevented the process, while Hamill and 
Sakmann (J Physiol , Lond ın the press): 
found that by lifting the electrode through 
an air—water interface they were able to re- 
expose the patch 

In their preliminary report Horn and 
Patlak illustrate one of the special features 
of this preparation they examine the 
dependence of the conductance of 
acetyicholine-activated channels on sodium 
10m concentration in a situation where the 
latter could be defined on both sides of the 
membrane Such access permits a vast array 
of experiments to be undertaken with 
controlled environments on either side of the 
membrane, similar ın principle to the study 
of ion transport in ‘doped?’ artificial lipid 
membranes, and these will certainly result 
in a clearer idea of the mechanism of 10n 
transport and selectivity of natural 
1onophores 

However, the most important aspect of 
the preparation may simply prove to be 
access to the inside surface of cell 
membranes It will now be possible to 
investigate directly the action of 
intracellular messengers (for example, 
cyclic nucleotides, Ca?*+) and cellular 
metabolic products on membrane 
excitability and transport processes It 1s 
hoped that this ‘excised patch’ technique 
will be generally applicable to cells derived 
from a wide range of tissues For example, 
its apphcation to heart cells will certainly 
provide an excellent preparation with 
which to study the relationships between 
‘second messengers’, and protein 
phosphorylation and 1on channels ın the 
hormonal modulation of membrane 
conductance changes underlying cardiac 
pacemaker activity 0 
Erratum In Antimatter back to front by C H 
Llewellyn Smith (Nature 289,534 February 12, 1981) 
the last sentence in the first paragraph should have 
read ‘‘The discovery of CP violation by Christenson, 
Cronin, Fitch and Turlay in 1964, for which Cronin 
and Fitch were awarded the 1980 Nobel prize, was 
therefore almost as great a shock as the discovery of 
parity violation” 
Corngendum. In Cement — a respectable material? 
by D D Double (289, 348, January 29, 1891) the 
figure of ‘100 MN m-2”’ quoted as the modulus of 


mother-of-pearl shell should have been ‘‘about 60 
GN m?” 
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Mesoscale convection in the 
clouds of Venus 


C. C. Covey & G. Schubert 


Department of Earth and Space Sciences, University of California, Los Angeles, California 90024, USA 


The cellular structures seen in UV images of the atmosphere of Venus probably represent convection cells If so, this shape 
(horizontal dimensions 10-100 times greater than vertical dimensions) cannot be accounted for by radiation transfer alone 


but requires anisotropic eddy diffusivity 


UV PICTURES of Venus taken by the Mariner 10 and Pioneer 
Venus spacecraft show cellular structures near and downwind of 
the subsolar point at cloud top heights of 60-70 km (Fig 1) 
These structures may result from various eddy phenomena, for 
example, wave trains intersecting to form a criss-cross pattern 
However, the most natural interpretation, given their proximity 
to the subsolar point, 1s that they are atmospheric convection 
cells visible at the cloud tops 


Cloud level convection 


The presence or absence of an adiabatic layer at the cloud tops 
would be strong evidence either for or against convection 1n this 
region of the atmosphere Unfortunately, the four Pioneer 
Venus probes entered the atmosphere away from the subsolar 
point, at night or in the early morning They, nevertheless, all 
measured an adiabatic temperature gradient between ~50 and 
55 km altitude with stable layers above and below* We there- 
fore regard the UV cellular features as evidence for convection 
in the cloud-top subsolar region and suggest that the cloud level 
adiabatic layer in this region 1s either higher or thicker than the 
one measured by the probes, so as to encompass the cloud tops” 
For example, in the 55-60 km altitude range the static stability 
measured by the probes has a mean value of 2-3 Kkm™ This 
5-km thick layer of the atmosphere could become adiabatic if 
the temperature were increased by 10-15 K between morning 
and afternoon Then the adiabatic layer would extend to 60 km, 
the lower limit for the altitude of the UV features The required 
heating 1s compatible with a diurnal temperature cycle involving 
an atmospheric superotation rate of 5 days® and a radiative 
cooling time of ~100 days’, which represents a temperature 
variation of ~5% Alternatively the cellular features may be 
located in an adiabatic layer above 65 km altitude (where static 
stability data do not exist)” We might also be seeing penetration 
of lower lying convection into an overlying stable cloud top 
region’ 

An adiabatic cloud top layer 1s likely to be bounded above and 
below by regions of high static stability caused by radiative 
cooling of the cloud tops and radiative heating of the cloud 
base® The depth of the convecting layer 1s then of the order of 
10km Given the horizontal scale of the cellular UV features, 
107-10° km, this implies aspect ratios (diameter/depth) of the 
order of 10-10? This 1s several times the aspect ratio of meso- 
scale cellular atmospheric convection on Earth’, which in turn 1s 
several times the aspect ratio obtained in laboratory and 
theoretical studies of cellular convection at moderately super- 
critical Rayleigh numbers*® 

We now present a theory to explain these high aspect ratios 
for cloud level convection in the Venus atmosphere Mesoscale 
atmospheric convection on Earth takes place immediately 
above the planetary surface and ıt 1s, therefore, affected by the 


very steep temperature gradient in the thermal boundary 
layer’! The properties of the cloud level Venus atmosphere 
together with the large aspect ratio of the cells require that the 
thermal diffusivity due to small-scale eddies be large and aniso- 
tropic 


Radiative and eddy processes 


The major difference between laboratory and atmospheric 
convection 1s that in the latter radiative and eddy processes play 
a major part in the transport of heat and momentum To 
represent the role of eddies an eddy viscosity v and an eddy 
thermal diffusivity x are used These eddy diffusivities may be 
anisotropic To account for this, we let y and x represent the 
diffusivities ın the vertical direction and mv and mx the 
horizontal diffusivities Thus we assume that m, the ratio of 
horizontal to vertical diffusivity, ıs the same for momentum and 
heat transport To account for radiative heat transfer within the 
convecting fluid, we linearize the Boussinesq equations for a 
compressible atmosphere with an internal heat source? Q 
about a basic state ın radiative equilibrium The incremental 





Fig. 1 UV image of Venus from the Pioneer Venus Orbiter Cloud 

Photopolarimeter” The rotation of the atmosphere 1s from right to 

left Cellular structures may be seen in the equatorial region, near 
and downwind of the subsolar point 
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Fig. 2 Critical values of the Rayleigh number for the onset of 

convection as a function of aspect ratio, for different values of eddy 

, anisotropy ratio m For these curves 7 = 10 and y = 1, as implied by 
> «= 10° ems, 
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heating in the perturbed state Q' 1s approximated by the 
newtonian cooling law 


Q’/pc = —@*/r* (1) 


where p is the density, c 1s the specific heat at constant pressure, 
0* ıs the perturbation temperature, and r* ıs the radiative 
cooling time. The newtonian cooling approximation ıs valid at 
cloud levels in the Venus atmosphere, and values of 7* have 
been obtained’ at different altitudes from detailed radiative 
transfer calculations 

For simplicity we assume that he thermal expansion 
coefficient a, the basic state temperature gradient d7)/dz* (z* 
1s altitude), and the adiabatic temperature gradient T'a are all 
constant Then the governing equations for 6*, perturbation 
velocity u*, and perturbation pressure 2* are 

2 














ĝ g : 
(2 moat-r tare vtets mote O 
V* u*=0 (2) 
ð 1 a? dT, 
(a+ mr AF -rae = ( TO -Faa (k u*) (4) 


In the above, ~gk 1s the acceleration of gravity and AŽ 1s the 
laplacian with respect to horizontal coordinates, We have 
assumed a motionless basic state and have thus neglected any 
wind velocity gradients The zonal wind at the cloud tops 1s large 
but its vertical shear ıs unknown’ The fact that the putative 
convective features are cells instead of rolls argues that the wind 
shear ıs small enough to be neglected’ 

We remove dimensions from equations (2)-(4) using the 
depth of the fluid d as the length scale, d7/x as the time scale, 
and (\d7,/dz*|—I.4)d as the temperature scale This gives 

(2 ð a” 


— ~~ — mA,— 


par a Z= -Vr + Rək (5) 


V u=0 (6) 
-2)o =k u (7) 


where u, 7, 8, t, z, V, and A, are dimensionless quantities and 
operators Physical processes within the fluid are then deter- 
mined by four nondimensional parameters m, the Prandtl 
number 


P=y/k (8) 
the Rayleigh number 
g = 28ldTo/dz*|—IPal)d* S 
VK 
and the dimensionless radiative cooling time 
T=7*k/ d (10) 


We must also account for the effect of radiative transfer at the 
boundaries of the convecting fluid At the upper boundary, the 
additional heat conducted upwards in the fluid —pcx dé*/dz 
must equal the extra heat radiated to space 40730* A similar 
condition applies at the lower boundary Thus, in nondimen- 
sional form, 





dé 
——+ y6 =0 at z=+} (11) 
dz 
where 
4oaTed 
y (12) 
pcK 


We assume free boundaries as appropriate for a convecting layer 
within an —— x he velocity boundary conditions are*® 
u k-50 k)=0 atz=+3 (13) 
Two special cases illustrate the different roles of radiative 
transfer within the fluid and at the boundaries In the lmit 
y 0, equation (11) becomes the isothermal condition 0 = 0 
commonly used in convection theory This case of perfectly 
conducting boundaries neglects the role of radiation In 
exchanging heat at the boundaries The effect of the 7 * term, 
which represents radiative transfer within the fluid, 1s then to 
increase the stability of the fluid and to decrease the aspect ratio 
of convection cells This result was also obtained by Goody”’, 
who incorporated the equations of radiative transfer into the 
formulation of the convection problem but used the boundary 
condition 6=0 The stabilizing effect occurs because radiative 
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Fig. 3 Aspect ratio for the minimum Rayleigh number, as a 
function of x, for various values of m 
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Fig. 4 Minimum convective heat flux required to sustain con- 
vection for the indicated values of « and m 


transfer adds to the effect of conduction ın equalizing tempera- 
ture differences between different parts of the fluid The 
decrease tn aspect ratio occurs because radiative transfer, unlike 
conduction, does not depend on the proximity of hot and cold 
fluid elements In ordinary convection problems, cells with low 
aspect ratios are not seen because the proximity of hot upwelling 
regions and cold downwelling regions leads to large horizontal 
conductive heat transfer When radiative transfer carries a 
significant amount of heat, this effect becomes less important 
and the cells tend to have lower aspect ratios 

The limit r->0 accounts for radiative transfer at the boun- 
daries but not within the bulk of the convecting fluid As y 
decreases the fluid becomes less stable and the aspect ratio of 
convection cells increases****'> The smaller y 1s, the less 
efficient is radiation ın exchanging heat at the boundaries This 
explains the decreased stability of the radiatrve-conductive 
static state Fluid parcels must also spend more time at the 
boundaries exchanging heat, and this results in larger aspect 
ratios 

Thus, radiative transfer at the boundaries and within the fluid 
have opposite effects on the aspect ratio In addition, anisotropic 
diffusivities with m > 1 tend to increase the aspect ratio’®*” To 
see which effect ‘wins’ we solve the boundary value problem for 
realistic parameter values Except for the eddy diffusivities, 
these are known at least in order of magnitude d~10km, at 
60 km altitude c= 8 610° erg g K", p=05X10 7% gem, 
and 7,=270K from ın situ probe measurements’, at cloud 
levels r*~10’s according to radiative transfer calculations’ 
Using these values, equations (10) and (12) give 


7 = «/(10° cm? s—4) (14) 
y = (10° cm*s*)/x (15) 


Thus, choosing the vertical thermal diffusivity x determines + 
and y The boundary value problem can then be solved by 
standard methods’? The onset of convection 1s steady for finite 
y (ref 11) and the additional effects of finite r and m # 1 should 
not change this result Thus we set 8/3t = 0 in equations (5)—(7) 
We assume a horizontal wavenumber a and obtain an eigen- 
value problem that determines R, the Rayleigh number for the 
onset of convection, as a function of a 


Figure 2 shows R plotted against the aspect ratio (27r/g) for 
different values of m, obtained by numerical solution of the 
eigenvalue problem with «=10°cm?s~! To match the cell 
dimensions observed in the Venus atmosphere, the minmum R 
must occur for aspect ratios of 10-100 Figure 2 shows that this 
occurs for x ~10°cm’s”* and m~100 These are magnitudes 
commonly used for the terrestrial atmosphere’** Thus our 
theory can explain the high aspect ratios using reasonable 
parameter values 

There are, of course, many combinations of x and m which 
give the desired aspect ratios Figure 3 plots the aspect ratio at 
minimum R as a function of x There 1s a trade-off between m 
and « a lower eddy anisotropy 1s allowed if the magmitude of the 
eddy diffusivity 1s larger For example, m~10 and x~ 
10’ cm*s~* will also give aspect ratios in the range 10-100 
Figure 3 also shows the influence of radiative transfer on the 
aspect ratio For x <10° cm? s™' the aspect ratios approach the 
values one would obtain by neglecting radiative transfer (y = 
7= 00) For larger values of « there 1s a noticeable effect the 
boundary radiation effect (y) dominates the internal radiation 
effect (r), so that the aspect ratio 1s increased Larger values of x 
imply that eddies transfer heat very efficiently within the fluid 
At the boundaries, heat is transferred by radiation because 
eddies are suppressed in the stable layers which bound the 
convecting region This radiative transport is comparatively 
inefficient, causing larger aspect ratios as explained above 

The heat transport due to convection provides an important 
constraint on the size of x For instance, using x = 10°cm?s7! 
and m = 100 we find a minimum Rayleigh number of 2 27 x 104 
(Fig 2) Using v =x we find 


jdTo/dz*|—-Taa = vKR/agd*=7x10*Kkm™ (16) 


This 1s the minimum superadiabaticity required to sustain con- 
vection ın this case It implies a minimum convective heat flux 


PCcK (ld To/dz*| —T aa) =6x 107? Wm? (17) 


Increasing x will rapidly increase the heat flux to values greater 
than the downward solar radiative flux at cloud levels (estimated 
at 10° W m™ from Pioneer Venus probe data’®), a non-physical 
result Figure 4, displaying the results of calculations analogous 
to equations (16) and (17) for different m and «x, shows that this 
limit 1s reached for « 210° when m=1 Thus the combination 
m=1, «210° 1s ruled out even though ıt provides the correct 
aspect ratios (Fig 3) 


Conclusions 


Our results show that the apparent flatness of large-scale con- 
vection cells in the Venus clouds can be explained by anisotropic 
eddy diffusion and radiative transfer effects Horizontal eddy 
diffusivities must be at least 10-fold greater than vertical 
diffusivities Amisotropy ratios =1,000 are sufficient to account 
for the flattening in cases where the vertical eddy diffusivity 1s 
210° cm? s~! and the effects of radiative transfer are negligible 
For vertical diffusivity 210° cm? s~* radiative transfer contri- 
butes to the flattening But radiative transfer alone cannot 
account for the apparent aspect ratios, this would require verti- 
cal heat diffusivities large enough to give a non-physically high 
value of convective heat transport 

The present theory 1s greatly simplified by the linearization of 
the equations about a static basic state We have not only 
assumed small velocity perturbations but we have also made the 
Boussinesg approximation, which assumes small density varia- 
tions The latter 1s strictly valid only when the depth of the 
convecting layer ıs smaller than a scale height’? (6 km ın the 
region of interest) Finally, we have accounted for radiative 
heating within the convecting layer and have found that this 
effect tends to reduce the aspect ratio of the cells Yet we cannot 
rule out the possibility that in fully developed convection the 
opposite effect occurs In fact, Tritton has proposed on the basis 
of laboratory studies that internal heating contributes to the 
flattening of the convection cells on Venus?? Considerations 
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suck as this underscore the importance of studying nonlinear 
effects 
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Eight classes of human leukocyte interferon (LeIFN) cDNA clones have been identified in a cDNA library prepared froma 
myeloblastoid cell line The nucleotide sequences demonstrate that the multiple human LeIFN genes code for a family of 
homologous, yet distinct proteins One of the cDNA clones may have been derived from the transcription of a LeIFN 


pseudogene 


INTERFERONS are a family of proteins which confer viral 
resistance ın target cells’ * as well as inhibiting cell proliferation 
and modulating immune response (see refs 2, 3 for reviews) 
Human interferons were originally classified by their respective 
cells of origin The major interferons produced in leukocytes 
(LeIFN or JFN-a) and ın fibroblasts (FIFN or IFN-B) have been 
shown to be antigenically distinct, acid-stable molecules collec- 
tively designated ‘classical’ or type Iinterferons Intense clinical 
interest in IFN coupled with the inability to obtain large 
amounts of the purified protein from human cells has spurred 
efforts to produce high yields of human interferon in the 
bacterium Escherichia col: by recombinant DNA procedures 
Several groups have recently reported the bacterial synthesis of 
various interferons*’, and the efficacy of such material in 
limited animal testing has been demonstrated” 

We recently described the construction of a collection of 
cDNA clones prepared using 12S RNA isolated from a human 
myeloblastord cell line* Several cDNA clones were identified by 
hybridization with synthetic DNA probes designed from partial 
amino acid sequence information of human leukocyte inter- 
feron The cDNA insert of one of the hybrid plasmids (pL31) 
was sequenced and used to construct a plasmid which directed 
the synthesis of large amounts of a biologically active human 
LeIFN, termed LeIFN A (ref 5) Restriction endonuclease 
analysis showed extensive differences between the additional 
hybridizing clones, suggesting that several different human 
LeIFNs might be expressed by the myeloblastoid cell hne KG-1 
(ref 10) Furthermore, pL31 differs considerably from the 
human LeIFN cDNA clone described by Weissmann and 
colleagues* in both nucleotide sequence and deduced amino 
acid sequence, yet both of the encoded LeIFNs show antiviral 
activity“ ° 

Additional evidence for the existence of a multigene family of 
human LeIFNs ıs found in the heterogeneity of the IFN proteins 
prepared from human leukocytes”’ and lymphoblasts’? © NH,- 
terminal amino acid sequences'” t and amino acid sequences of 
tryptic and chymotryptic peptides“? have revealed at least five 


distinct, but homologous, LeIFNs At least eight distinct 
chromosomal LeIFN genes have recently been isolated from a 
human gene library (ref 15, and RL and AU, unpublished 
results) In contrast, there 1s no evidence for multiple human 
FIFN genes NH>,-terminal amino acid sequences of FIFN 
determined by two different groups’®’’ agree with results 
obtained from nucleotide sequencing of cloned FIFN 
cDNAs”!*? and FIFN mRNA” ” ın suggesting that there may 
be only one gene for FIFN We describe here genomic hybri- 
dization data consistent with the existence of about ten human 
LeIFN genes and a single FIFN gene, and present the DNA 
sequences of eight distinct LeIFN cDNA clones identified in a 
cDNA library prepared from the myeloblastoid cell line KG-1 


Evidence for multiple LeIFN genes 


To estimate the number of LeIJFN genes ın the human genome, 
human spleen DNA was digested with various restriction 
endonucleases, electrophoresed through agarose gels and 
transferred to nitrocellulose paper” Hybridizations were done 
using radiolabelled LeIFN and FIFN’ cloned cDNAs (Fig 1) 

The number of LeIFN genes can be estimated from the number 
of hybridizing bands in the lanes containing HindIII and TagI 
digests As none of the LeIFN cloned cDNAs contains either of 
these restriction sites (see below), and because the human 
LeIFN genes do not seem to have any intervening sequences 
(ref 15,andR L and A U, unpublished results), it ıs Itkely that 
each band corresponds to at least one gene Therefore, the 
hybridization patterns suggest the presence of at least ten LeIFN 
genes and only one FIFN gene Identical patterns were obtained 
for the LeIFN genes regardless of whether only LeIFN AcDNA 
was used as the radiolabelled probe or several different types of 
LeIFN cDNAs were used as a mixed probe The fibroblast 
interferon gene contains an internal BglII site’ ° Only one 
hybridizing band was obtained for FIFN ın the BglII digest 
because the hybridization probe was an isolated BglII-Pvull 
fragment from cloned FIFN cDNA (ref 7) 
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Fig. 1 Hybridization of human DNA with interferon cDNA probes 
Human spleen DNA was isolated by the procedure of Blin and Stafford? 
and digested with the indicated restriction endonucleases Samples (5 pg) 
were electrophoresed in a horizontal 0 8% agarose slab gel and transferred 
to nitrocellulose filter paper”? Isolated DNA fragments consisting of a, a 
Belli~Poull fragment from cloned human FIFN cDNA (ref 7) or b, LeIFN 
A, B, C and E interferon cDNA sequences were **P-labelled to a specific 
activity of ~10fc pm yg by random calf thymus DNA fragment primed 
rephication** Hybridizations were done using 5x10°.cpm_ of probe at 
42°C in 50% formamide, 5 x SSC, 5 x Denhardt’s reagent**, 50 mM sodium 
phosphate buffer, pH 6 5, 200 pg ml~ denatured salmon sperm DNA and 
10% dextran sulphate After 24h, the filters were washed at 60°C in 
0 1xSSC,0 1% SDS as described elsewhere?’ Sizes tn kilobase pairs (kb) of 
bacteriophage A DNA digested with HindIII and included in the gels as sıze 
standards are indicated All the LeIFN cDNAs described in this paper 
readily cross-hybridize so that hybridization patterns similar to those tn b 
have been obtained with single LeIFN cDNA probes Two additional BglII 
fragments of ~2 0 and 1 5 kilobase pairs hybridize to LeEIFN cDNA probes 
but are not discernible in this figure 


Identification and classification of multiple 
LeIFN cDNA clones 


To investigate the multiplicity of cloned human LeIFN cDNAs, 
an ın situ colony screening procedure”? was carried out on 4,000 
individual colonies of our cDNA library About 50 clones 
hybridized to a 260-base pair BglII fragment from pL31 en- 
coding amino acids 61-150 of LeIFN A Of these, 33/50 
contained cDNA inserts of 700 base pairs or longer and were 
selected for further analysis The cDNA inserts were mapped 
using the restriction enzymes PvuII, BglII and EcoRI, because 
PvuII and BglII had been found to cleave LeIFN A cDNA‘ and 


all three cut the LeIFN cDNA cloned by Nagata et al,* These 
restriction endonuclease maps allowed the division of the LeIFN 
cDNAs into eight groups (A to H, see Fig 2). The largest cDNA 
inserts in each group were sequenced by a combination of the 
Maxam-—Gilbert chemical procedure” and the dideoxy-chain 
termination procedure using the bacteriophage M13 cloning 
vector mp7” It was possible that different LeIFN cDNAs 
would display the same restriction enzyme map Because the 
3’-noncoding regions of the eight sequenced cDNA clones 
showed much less homology than their respective coding 
portions, partial sequencing was done on the 3’ regions of 
several additional cDNAs (five cDNAs each of LeIFN A and 
LeIFN D, and all the cDNAs 1n the remaining six groups) This 
analysis revealed that one of the cDNA clones originally 
classified as type C was actually a Le[FN H-type cDNA clone 
which did not extend to the single 5' Pvull site, giving a total of 
two LeIFN H cDNA clones However, as discussed in more 
detail below, the nucleotide sequences of these two LeIFN H 
cDNA clones differ at three positions 

The restriction enzyme analysis had shown that 14 of the 33 
LeIFN cDNA clones were of type LeIFN A and 9 were LeIFN 
D No variations in sequence were found among the five LeIFN 
A cDNAs or the five LeIFN D cDNAs which were partially 
sequenced—this suggests that the restriction maps are indicative 
of distinct classes of LeIFNs LeIFNs A and D were the only 
groups represented more than twice 1n the collection of LeIFN 
cDNA clones This result was not an artefact due to use of 
LeIFN A cDNA as the original hybridization probe; no addi- 
tional LeIFN cDNA clones were found when the 4,000 colomies 
of the cDNA hbrary were tested again using mixed LeIFN A, B, 
C, E and F cDNA probes 

The complete sequences of the longest cDNA inserts for each 
of the eight classes of LeJFN are shown in Fig 3 Pairwise 
comparisons of these sequences show that homologies in the 
coding regions range from 84 (LeIFN B versus LeIFN E) to 94% 
(LeIFN C versus LeIFN F) The DNA sequences were used to 
predict the primary protein structure of the different human 
LeIFNs (Fig 4) The cDNA clones for LeIFN types A, B, C, D, F 
and H contain complete coding sequences for the 23-amino acid 
precursor signal peptide*” and the 166 amino acids of the 
mature LeIFNs (165 amino acids for LeIFN A, which has a 
deletion at position 44) The S’ end of the LeIFN E cDNA begins 
in the signal peptide region, and also contains an extra base pair 
at position 187 (Fig 3) LeIFN G1s not a full-length cDNA copy 
of LeIFN mRNA and contains an incomplete coding sequence 

LeIFN D has the same restriction pattern as the LeIFN cDNA 
clone described by Nagata et al* The only difference between 
the two clones ın predicted amino acid sequence ıs at position 
114 where valine in LeIFN D replaces alanıne? Weissmann 
and co-workers® have also recently sequenced a partial-length 
LeIFN cDNA clone of a second type (which they named a2) 
which differs from LeIFN A only at the codon for amino acid 23 
(arginine in @2, lysine in LeIFN A) 


Table 1 Pairwise comparisons of differences ın coding sequences of human LeIFNs 























A B C D E F G H 

A 31 (19) 31 (19) 29 (17) 41 (25) 30 (18) 18* (14) 28 (17) 

B 7 (30) > 32 (19) 38 (23) 45 (27) 31 (19) 23* (17) 29 (17) Mature 
C 7 (30) 8 (35) 32 (19) 41 (25) 18 (11) 21* (16) 23 (14) LeIFNs 
D 6 (26) 9 (39) 8 (35) 44 (27) 28 (17) 17* (13) 32 (19) 

E — — = — 37 (22) 24* (18) 42 (25) 

F 7 (30) 8 (35) 0 (0) 8 (35) 15* (11) 28 (17) 

G sali — — — — —~ 18* (14) 

H 6 (26) 6 (26) 6 (26) 4 (17) — 6 (26) 

LelFN signal peptides 


The number of amino acid replacements ın each pair of coding sequences are shown The 23 amino acid signal peptides are compared ın the lower 
left part and the 166 amino acid mature LeIFNs are compared m the upper right part of the table The total number of differences between pairs is 
listed first, followed by the percentage difference (numbers in parentheses) Signal sequences for LeIFNs E and G are not known, thus there are no 
values for comparisons involving either of these sequences 

* Only the 133 C-terminal amino acids of LeIFN G can be deduced from the cDNA sequence, thus in pairwise comparisons involving LeIFN G only 
differences in these 133 amino acids are considered 
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Fig.2 Restriction endonuclease maps of the eight types of LeIFN 
cloned cDNAs (A-H) 33 LeIFN cDNA clones with Pst] cDNA 
inserts >700 base pairs were grouped info these eight classes The 
hybrid plasmids were constructed by the dC dG tailing method” 

Therefore, the cDNA inserts could be excised using Pst] The lines 
at the end of each cDNA insert represent the flanking homopoly- 
meric dC dG tails The positions of Poull, EcoRI and BglII 
restriction sites are indicated Shaded regions indicate the coding 
sequences of mature LeIFNs, cross-hatched regions indicate signal 
peptide coding sequences, and the open regions show 3’ and 5’ 
noncoding sequences The numbers at the right are the total 
number of cDNA clones tn each group, with the per cent in each 

group ın parentheses 


A LeIFN pseudogene is transcribed 


The coding region of the LeIFN E cDNA clone contains one 
nucleotide more than the other LeIFN cDNAs (Fig 3) The 
predicted amino acid sequence from this nucleotide insertion 
onwards (amino acid residue 40 in LeIFN E) bears no resem- 
blance to the other LeJFN protein sequences and results in 
several in-phase termination codons, the first of which would 
appear at amino acid position 60 Therefore, the amino acid 
sequence ıs shown ın Fig 4 as if this insertion had not occurred 
Even with this adjustment, termination codons are encountered 
at positions 102 and 155—thus they are found ın all three 
reading frames As a cDNA was cloned that contains an addı- 
tional nucleotide ın the coding sequence for a LeIFN, an artefact 
may have been created during the process of reverse tran- 
scription of mRNA and sequence amplification in E colt 
However, the presence of the two additional termination codons 
could imply that LeIFN E1s a copy of a pseudogene analogous to 
the e- and B-globin pseudogenes??? If so, this ıs the first 
reported evidence of a pseudogene being transcribed into RNA 
The biological significance of the transcription and possible 
translation of this pseudogene has not been determined The 
fact that only one cDNA clone of a LeIFN pseudogene was 
obtained in our extensive search for LeIFN cDNA clones 
suggests that the transcription of such genes may be very rare 
This observation is further supported by our recent isolation 
from a human chromosomal DNA library of an additional 
LelFN pseudogene with a DNA sequence distinct from the eight 
LeIFN cDNA clones described here (unpublished results) 


LeIFN signal peptides 


The signal sequences of human LelIFNs A, B, C, D, F and H 
possess features common to all eukaryotic secretory protein 
signal sequences Each contains a long stretch of hydrophobic 
amuno acid residues, perhaps important for association with, and 
traversal of, the rough endoplasmic reticulum membrane The 
hydrophobic regions are flanked by charged and more polar 
amino acid residues The signal sequences are rich in serine 
residues proximal to the prepeptide cleavage site, analogous to 
the signal sequences of rat proalbumjn®° and certam mouse 


immunoglobulin chams?! Within the cell, removal of the signal 
peptides 1s presumably achieved by peptide cleavage between 
glycine and cysteine residues ın all of these LeIFNs 

The signal sequences of many different proteins have been 
determined and compared**. No major sequence homologies 
have been detected, the most general feature may be a common 
secondary or tertiary structure (see ref 33 for review) It 1s 
possible that the junction of distinct structural domains within 
the signal peptide ıs recognized by a processing enzyme or signal 
peptidase**, resulting ın production of the mature secreted 
protein and complete translocation into the lumen of the rough 
endoplasmic reticulum 

The signal sequences of the LeIFNs reported here are only 
~70% homologous when compared with each other, except for 
types C and F, which are identical (Table 1) Only 11 of the 23 
amino acids (43%) occur in invariant positions in all six prepep- 
tides The sequence of the human FIFN signal peptide’ ***° is 
completely different from those of the human LeIFNs 


Mature leukocyte interferons 


The mature LeIFNs are more closely related in their amino acid 
sequences (~80% homology) than are their corresponding 
signal peptides (see Table 1) A total of 79 out of 166 amino 
acids (48%) of the mature polypeptide are identical ın all 
sequences examined (Fig 4) If the LeIFN E pseudogene amino 
acid sequence 1s ignored, then 99 amino acids (60%) occupy 
identical positions When the human FIFN sequence’ ***?7? is 
compared with the LeIFN sequences, only 39 amino acids out of 
166 (23%) appear ın identical positions (Fig 4) The overall 
distribution of amino acid differences along the LeIFN mole- 
cules seems to be random, with the possible exception of the 
region between amino acids 115 and 151 All the LeIFN cDNA 
clones (again excluding LeIFN E) code for the same amino acid 
in 31 out of 37 (84%) positions in this region Residues 116-150 
also display the greatest similarity to FIFN (17 out of 35 
positions identical), which suggests that this region is of 
functional importance 

The changes in amino acid sequences between the LeIFNs are 
largely due to single nucleotide changes, there are several sites 
(that 1s, positions 37, 107 and 160) where nonconservative 
amino acid changes occur Note that the nucleotide sequence of 
LeIFN B contains an insertion of a thymidine residue after 
nucleotide 362 (codon 98), which changes the translational 
reading frame and results 1n four distinct codon changes After 
position 373 (codon 101) an adenosine residue has been deleted 
which restores the original reading frame 


97 102 
Glu Ala Cys Val Tle Gln 


LeIFN A GAA GCC TGT GTG ATA CAG 
Glu Val Leu Cys Asp Glin 
LeIFN B GAA GTC CTG TGT GAT CAG 


The shorter (~800 base pairs) of the two LeIFN H-type cDNA 
clones, which we have designated LeIFN Hy, has a deletion 
(cytidine, nucleotide number 545) which ıs followed six nucleo- 
tides later by a correcting insertion (guanosine, after position 
551) 

158 162 

Leu Gln Lys Arg Leu 


LeIFN H TTG CAA AAA AGA TTA 
Leu Lys Lys Gly Leu 
LeIFN H, TTG AAA AAA GGA TTA 


Except for this difference and a single base change in the 3’ 
noncoding regions, the nucleotide sequences of LeIFN H and 
LeIFN H, cDNAs are identical It 1s possible that these two 
cDNA clones may represent allelic forms of a single LeIFN gene 
found in the KG-1 cell line 

The location of cysteine residues 1s often highly conserved in 
proteins All the LeIFNs sequence code for cysteines at posi- 
tions 1 and 139 of the mature protein All predicted LeIFNs 
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Fig. 3 Nucleotide sequences 
of the exght LeIFN cDNAs (A- 
H) DNA sequences of the PstI 
inserts shown in Fig 2 were 
determined by the Maxam- 
Gilbert technique” and by the 
dideoxy chain termination 
procedure after subcloning into 
the M13 vector mp7 (ref 25) 
The ATG translational initia- 
tion codon and the termination 
triplet for each LeJFN are 
underlined The gaps at posi- 
tion 187 were introduced to 
maximize homologies in the 
coding regions 


1 0 nm D N Dp Tann Toanmoo w> m O’ m ON w m G 7 PO 0 w ES Gr pa CI en ua O93 w > 


E N y p u wp 


oho G3 n tG a ee 


ige to 


-60 -40 


TGAGCCTAAACCTTAGGCTCACCCATTTCAACCAGTCTAGCAGCATCTGCAACATCTACAATGGCCTIGACCTTTGCTTTACTGGTGGCCCTCCTGGTGC 
TACTAGCTCAGCAGCATCCGCAACATCTACAATGGCCTTGACTTIT1 TATTTAATGGTGGCCCTAGTGGTGC 
CAAGGCTTATCCATCTCAAGTAGCCTAGCAATATTTGCAACATCCCAATGGCCCTGTCCTTTTCTTTACTTATGGCCGTGCTGGTGC 
CAAGGTTCAGAGTCACCCATCTCAGCAAGCCCAGAAGTATCTGCAATATCTACGATGGCCTCGCCCTTTGCTTTACTGATGGTCCTGGTGG GC 


~20 +1 20 40 
' ' i ' r t 1 


ACATCCCAATGGCCCTGTCCTTTTCTTTACTGATGGCCGTGCTGGTGC 
CCAAGGT ICAGTGTTACCCCTCATCAACCAGCCCAGCAGCATCTTCGGGATTCCCAATGGCATTGCCCTITGCTTTAATGATGGCCCTGGTGGTGC 
| 60 pc l 190 0, 140 


TCAGCTGCAAGTCAAGCTGCTCTGTGGCCTGTGATCTGCCTCAAACCCACAGCCTGGGTAGCAGGAGGACCTTGATGCTCCTGGCACAGATGAGGAAAAT 
TCAGCTACAAGTCATTCAGCTCTC IGGGCTGTGATCTGCCTCAGACTCACAGCCTGGGT AACAGGAGGGCCTTGATACTCCTGGCACAAATGCGAAGAAT 
TCAGCTACAAATCCATCTGTTCTCTGGGCTGTGATCTGCCTCAGACCCACAGCCTCGGTAATAGGAGGGCCTTGATACTCCTGGGACAAATGGGAAGAAT 
TCAGCTGCAAGTCAAGCTGCTCTCTGGGCTGTGATCTCCCTGAGACCCACAGCCTGGATAACAGGAGGACCTTGATGCTCCTGGCACAAATGAGCAGAAT 

CTGCCTCTGGGCTGTGATCTGCCTCAGGCCCACAGCGTGGGTAACAGGAGGGCCTTCATACTCCTGACACAAATGAGGAGAAT 
TCAGCTACAAATCCATCTGTTCTCTGGGCTGTGATCTGCCTCAGACCCACAGCCTGGGTAATAGGAGGGCCTTGATACTCCTGGCACAAATGGGAAGAAT 


t 


TCAGCTGCAAGTCAAGCTGCTCTCTGGGCTGTAATCTGTCTCAAACCCACAGCCTGAATAACAGGAGGACTTTGATGCTCATGGCACAAATGAGGAGAAT 
i 160 , 180 : 200 : 220 f 240 


CTCTCTITTCTCCTGCTTGAAGGACAGACATGACTTIGGATTTCCC CAGGAGGAGTTT GGCAACCAGTTCCAAAAGGCTGAAACCATCCCTGTCCT 
CTCICCTTTCTCCTGCCTGAAGGACAGACATGACTTTGAATTCCCE CAGGAGGAGTTTGATGATAAACAGTTCCAGAAGGCTCAAGCCATCTCIGTCCT 
CTCTCCTTTCTCCTGCCTGAAGGACAGACATGATTTCCGAATCCCS CAGGAGGAGTTTGATGGCAACCAGTTCCAGAAGGCTCAAGCCATCTCTGTICCT 
CTCTCCTICCTCCTGTCTGATGGACAGACATGACTTIGGATTTCCC CAGGAGGAGTTTGATGGCAACCAGTTCCAGAAGGCTCCAGCCATCTCTGTCCT 
CTCTCCTTTTTCTTACCTGAAGGACAGACATGCACTTTGATTTICCATCATCAGGTGTTTICATGGCAACCACTTCCAGAAGGTTCAAGCTATCTTCCTIITT 
CTCTCCTTTCTCCTGCCTGAAGGACAGACATGACTTTGGATTCCCC CAAGAGGAGTTTGATGGCAACCAGTTCCAGAAGCCTCAAGCCATCTCTGTCCT 

CATGACTTTGGATTTCCT CAGGAGGACTTTGATGGCAACCAGTTCCAGAAGGCCTCAAGCCATCTCTGTCCT 
CTCTCCTTTCTCCTGCCTGAAGGACAGACATGACTTITGAATTTCCC CAGGAGGAATTTGATGGCAACCAGTTCCAGAAAGCTCAAGCCATCTCTGTCCT 


: 260 i 280 ; 300 s 320 ; 340 


CCATGAGATGATCCAGCAGATCTTCAATCTCTTCAGCACAAAGGACTCATCTGCTGCTTIGGGCATGAGACCCTCCTAGACAAATTCTACACTGAACTCTAC 
CCATGAGATGATCCAGCAGACCTTCAACCTCTTCAGCACAAAGGACTCATCTGCTGCTTIGGATGAGACCCTTCTAGATGAAT TC TAGCATCGAACTTGAG 
CCATGAGATGATCCAGCAGACCTTCAATCTCTTCAGCACAGAGGACTCATC TGC TGCTT GGGAACAGAGCC TCC TAGAAAAATTTTICCACTGAACTT TAC 
CCATGAGCTGATCCAGCAGATCTTCAACCTCTTTACCACAAAAGATTCATCTGCTGCTTGGGATGAGGACC TCC TAGACAAATTC TGCACCGAACTCTAC 
CCATGAGATGATGCAGCAGACCTTCAACCTCTTCAGCACAAAGGACTCATCTGATACTTGGGA [GAGACCCTTTTAGACAAATCOTACACTGAACTT TAC 
CCATGAGATGATCCAGCAGACC fT CAATCTCTTCAGCACAAAGGACTCATCTGCTACTTGGGAACAGAGCCTCCTAGASAAATTTITCCACTGAACTTAAG 
CCATGAGATGATCCAGCAGACCTTCAATCTCTTCAGCACAAAGGACTCATCTGCTACTTGGGATGAGACACTTC TAGACAAATTCTACACTGAACTTTAC 
CCATGAGATGATGCAGCAGACCTTCAATCTCTTICAGCACAAAGAACTCATCTGCTGCTTGGGATGAGACCCTCCTAGAAAAATTCTACATTGAACTITTC 


360 f 389 ; 400 ; 420 ; 440 


CAGCAGCTGAATGACCTGGAAGCCTGTGTGATACAGGGGGTGGGGGTGACAGAGACTCCCCTGATGAAGGAGGACTCCATTC TGGCTGTGAGGAAATACT 
CAGCAGCTGAATGACCTGGAAGTCCTGTGTGATCAGGAAGTGGGGGTGATAGAGTCTCCCCTGATGTACGAGGACTCCATCCTGGCTGTGAGGAAATACT 
CAGCAACTGAATGACCTGGAAGCATGTGTGATACAGGAGGT TGGGGTGGAAGAGAC TCCCCTGATGAATGAGGACTCCATCCTGGCTGTGAGGAAATACT 
CAGCAGCTGAATGACTTGGAAGCCTGTGTGATGCAGGAGGAGAGGGTGGGAGAAACTCCCCTGATGAATGTGGACTCCATCTTGGCTGTGAAGAAATACT 
CAGCAGCTGAATGACCTGGAAGCC [GTGTGATGTAGAAGGTTGGAGTGGAAGAGACTCCCCTGAGGAATGTGGACTCCATCCTGGCTGTGAGAAAATACT 
CAGCAGCTGAATGACATGGAAGCCTGCGTGATACAGGAGGT TGGGGTGGAAGAGAC TCCCCTGATGAATGTGGACTCCATCTTGGCTGTGAAGAAATACT 
CAGCAGCTGAATGACCTGGAAGCCTGTATGATGCAGGAGGT TGGAGTGGAAGACACTCCTCTGATGAATGTGGACTCTATCCTGACTGTIGAGAAAATACT 
CAGCAAATGAATGACCTGGAAGCCTGTGTGATACAGGAGGTTGGGGTGGAAGAGAC TCCCCTGATGAATGAGGACTCCATCCTGGCTGTGAAGAAATACT 


460 f 480 , 500 : 520 , 540 


TCCAAAGAATCACTCTCTATCTGAAAGAGAAGAAATACAGCCCTTG [GCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCTTTTICTTTGTICAACAAA 
TCCAAAGAATCACTCTATATCTGAGAGAGAAGAAATACAGCTCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTTCTCTTTATCAATCAA 
TCCAAAGAATCACTCTTTATCTAATAGAGAGGAAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCCTCTCGTTTTCAACAAA 
TCCGAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCCTCTCTITATCAACAAA 
TTCAAAGAATCACTCTTTATCTGACAAAGAAGAAGTATAGCCCTTGTTCCTGGGAGGCTGTCAGAGCAGAAATCATGAGATCCTTCTCTTTATGAACGAA 
TCCAAAGAATCACTCTTTATCTGACAGAGAAGAAATACAGCCCTTGTGCTTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTTCTCTTTATCAAAAAT 
TTCAAAGAATCACCCTCTATCTGACAGAGAAGAAATACAGCCCTTGTGCATGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTTCTCTTTATCAGCAAA 
TCCAAAGAATCACTCTTTATCTGATGGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTTCTCTTTTTCAACAAA 


560 l 580 : 600 z 620 ; 640 


CTTGCAAGAAAGTTTAAGAAGTAAGGAATGAAAACTGGTTCAACATGGAAATGATTTTCATTGATTCGTATGCCAGCTCACCTTTTTATGATCTGCCATT 
CTTGCAAAAAAGATTGAAGAGTAAGGAATGAGACCTGGTACAACACGGAAATGATTCTCATAGACTAATACAGCAGTCTACACTTTGACAAGTTGTGCTC 
CT TGCAAAAAAGATTAAGGAGGAAGGAT TGAAAACTGGTTCAACATGGCAATGATCCTGATTGACTAATACATTATCTCACACTTTCATGAGTICTTICCA 
CTTGCAAGAAAGATTAAGGAGGAAGGAATAATATCTGGTCCAACATGAAAACAATTCTTATTGACTCATACACCAGGTCACGCTTTCATGAATTCTGTCA 
CTTGCAGGAAAGATTAAGGAGGAAGGAATGAAAACTGGT TCAACATGGAAATGAGAAACA I TTCCATGATTAATACATCATCTCACACATTCATGAATTG 
TTTTCAAGAAAGATTAAGGAGGAAGGAATGAAACCGTTTCAACATGGAAATGATCTGTATTGACTAATACACCAGTCCACACTTICTATGACTTCTGCCAT 
CTTGCAAGAAAGATTAAGGAGGAAGGAATGAAAACTGGTTCAACATCGAAATGATTCTCATTGACTAGTACACCATTTCACACTTCTTGAGTTICTGCCGT 
CTTGCAAAAAAGATTAAGGAGGAAGGATTGAAAACTGGTTCATCATGGAAATGATTCTCATTGACTAATACATCATCTCACACTTTCATGTTCTTCCATT 


660 , 680 , 700 720 740 


TCAAAGACTCATGTTTCTGCTATGACCATGACACGATTTAAATCTTTTCAAATGTTTTIAGGAGTATTAATCAACATTGTATTCAGCTCTTAAGGCACTA 
TTTCAAAGACCCTTGTTTCTGCCAAAACCATGCTATGAATTGAATCAAATGTGTCAAGTGTTTTCAGGAGTGTTAAGCAACATCCTGTTCAGCTGTATGG 
TTTCAAAGACTCACTTCTATAACCACGACGCGTTGAATCAAAATTTTCAAATGTTTTCAGCAGTGTAAAGAAGTGTCGTGTATACCTGTGCAGGCACTAG 
TTTCAAAGACTCTCACCCCTGCTATAACTATGACCATGCTGATAAACTGATTTATCTATTTAAATATTTATTTAACTATTICATAAGATTTAAATTATTTT 
TGCCATTTCTCATTTTTGCTATATCCATGACATGAGTTGAATCAAAATTTTAAAATGTTT TCAGGAATGTTAAGCAGCATCATGTTCAGCTGTACAGGCA 
TTCAAAGACTCATTTCTCCTATAACCACCGCATGAGTTGAATCAAAATTTTCAGATCTTITTCAGGAGTGTAAGGAAACATCATGTTTACCTGTGCAGGCA 
TTCAAATATTAATTTCTGCTATATCCATGACTTIGAGTTGAATCAAAATTTTCAAACGTT TCACACGTGTTAAGCAACACTICTTTAGCTCCACAGGGACA 
TCAAAGACTCACTICTATAACCACCACAAGTTGAATCAAAATTTCCAAATGTTTTCAGGAGTGTTAAGAAGCATCGTGTTTACCTGTGCAGGCACTAGTC 


760 , 780 800 820 840 
t ' | ' 1 ' 1 


GTCCCTTACAGAGGACCATGCTGACTGATCCATTATCTATTTAAATATTTTTAAAATATTATTTATTTAACTATTTATAAAACAACTTATITTIGTICAT 
GCACTAGTCCCTTACAGATGACCATGCTGATGGATCTATTCATCTATTTATTTAAATCTTTATTTAGTTAACTACTATAGGGACTTAAATTAGTITITGIT 
TCCTTTACAGATGACCATTCTGATGTCTCTGTTCATCTTTTGTTITAAATATTTATI TAATTATTTTTAAAATITATGTAATATCATGAGTCGCTITACAT 
TGTTCATATAACGTCATGTIGCACCTTTACACTGTGGTTAGTGTAATAAAACATGTTCCTTATATTTACTC-poly (A) 

CTAGTTCCTTACGGATGATCATGCTGATGGATCTGTTTATCTATTTGTCTAAATAATTATTTAACTATTTATAATATTTAAAATCTICTITICATGTATC 
CTAGTCCTTTACAGATGACCATGCTGATAGATCTAATTATCTATCTATTGAAATATTTATTTATTTATTAGATTTAAATTATITITGICCATGTAATATT 
AAATCTTTACAGATGATCATGCCAATCTATCTATTCTATCTATTTATCTATCTGTCTGTCTTCTATCTAATCTATTTAAATATTITATITATTTATAAGAT 
CTTTACAGATGACCATTCTIGATGTCTCCTTTCATCTATTTATTTAAATATTTATTTATTTAACTATTTTTATTATTTAAATTATTITTTATGTAATATCA 


860 ; 880 f 900 : 920 940 


ATTACGTCATGTGCACCTTTGCACAGTGGTTAATGTAATAAAATATGTICTTTGTATTIGGT-poly (A) 
CATATTATATTATGTGAACTITTACATIGTGAATTGTGTAACAAAAACATGTTCTTATATTTATTATTTIGCCATGTTTATTAAATTTITACTATGAAAA 
TGTGGTTAATGTAACAATATATGTTCTICATATTTAGCCAATATATTAATTICCTTTTTCATTAAATTTITTACIATAC- poly(A) 
ATGTATTTTTACTTTGTGGTIAATATAACAACACATGTICTTTATATTTAGTCAATATATTACTTTGCTITITTCATTAAATTITI [ACTATGG- poly (A) 
ATGTGTACTTTTACATIGTGTTATATCAAAATATGTTAATCTAATATTTAGTCAATATATTATTTICTITITATTAATITITACTATTAAAACTICTIAT 
TTAAATTATTTTAAACTTATGTTTGTTCAGGTAATATTACATCCACCTTACTTTGTGGCTAATATAATAAAATATGTICTITATGITITGTC-poly (A) 
TGAGTACCTTTACATTCTGGTIAATGTAACAAATATGT ICTTCATATTTAGCCAATATATTAATTICCTITTICATTAAATITITACTAT-po ly (A) 


960 980 3 1000 
+ t Ld 4 


AATTCTTTATTTATTCTTTAAAATTGAACTCCAACCCATGAATTGTGCAAACTGATTAAAGAATGGATGGT-poly (A) 
ATTATTIGGTTATTCOTTTAATAAAGAAATTCCAAGCCC -poly (A) 


3 
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LeIFN *! $10 520 $23 10 
A MALTFALLVALLVYLSCKSSCSYGCDLPQTHSLGSRRTLMLLA 
B MALTFYLMVALVVYLSYKSFSSLGCOLPQTHSLGNRRALILLA 
C MALSFSLLMAVLYLSYKSICSLGCDLPQTHSLGNRRALILLG 
D MASPFALLMVLVVLSCKSSCSLGCOLPETHSLONRATLUMLLA 
E LPLGCDLPQAHSVGNRRAFILLT 
F MALSFSLLUMAVLYLSYKSICSLGCDOLPQTHSLGORRRALILLA 
G 
H MALPFSLMMALYVLSCKSSCSLGCNLSQTHSLNNRRTLMLMA 
All HA FL VLS KS $ GC L THSL RR LL 
50 60 70 80 
A EEF-GNQFQKAETIPYLHEMIQQIFNLFSTKOSSAAWDETLL 
B EEFDDKQFQKAQAISVLHEMIQQTFNLFSTKOSSAALDETLL 
C EEFDGNQFOKAQGAISVYLHEMIQQTFNLEFSTEDSSAAWEQSLE 
0 EEFFDGNQFOKAPAISYLHELIQQIFNLFTTKDSSAAWOEDLL 
E OVFHGNHFOKVQALFLFHEMMQQTFNLFSTKOSSOTWOETLL 
F EEFODGNOFQKAQAISVYLHEMIQQTFALFSTKOSSATWEQSLE 
G EEFDGNGFQKAQGAISVLHEMIQQTFNLESTKOSSATWDETLIL 
H EEFDGNQFQKAQAISVYLHEMMQQTFNLESTKNSSAAWDETLL 
AY EEFD QFQKA I YLEE QQ FNLFE T $$A EL 
110 120 130 140 
A VGYTETPLHEKEDSTLAVRKYFQRITLYLKEKKYSPCAWEYVYR 
B VGYIESPLMYEDSILAVRKYFQRITLYLTEKKYSSCAWEVYR 
C VGVYEETPLMREDSILAYRKYFQRITLYLIERKYSPCAWEVYVR 
D ERVGETPLHNVOSTLAVKKYFRRITLYLTEKKYSPCAWEYVYR 
E VGVYEETPLRANYDSILAVRKYFQORITLYLTKKKYSPCSWEAYR 
F VGVEETPLHYNVOSITLAVKKYFORITLYLTEKKYSPCAWEVYVR 
G VGVEOTPLMHNVOSILTVRKYFQRITLYLTEKKYSPCAWEVYVR 
H VGVEETPLAHNEOSTLAVRKYFQRITLYLMEKKYSPCAWEVYVR 
AN y PLM OSIL V KYF RITLYL E KYS CAWEVYR 


except LeIFN E contain a cysteine at position 29, and all except 
LeIFN B (Cys 100) contain a cysteine at position 99. At least one 
intramolecular disulphide bridge has been predicted on the basis 
of loss of interferon activity on incubation with reducing 
agents’. Allen and Fantes’® have shown that the N-terminal 
cysteine 1s probably involved ın a disulphide bond. Furthermore, 
the presence of two disulphide bridges in the LeIFN A produced 
in E. col? has been established by analysis of tryptic digests of 
the purified protein. Cys 1 1s bonded to Cys 99 and Cys 29 1s 
bonded to Cys 139 (ref 47) The fact that cysteine residues are 
also predicted in human FIFN”"*'*?* in the positions cor- 
responding to amino acids 29 and 139 of LeJFN suggests that 
this disulphide bond also occurs in FIFN 

NH,-terminal sequences of human LeIFN species isolated 
from lymphoblasts’”** and leukocytes’? have been determined 
by protein microsequence analysis The sequences determined 
by Zoon etal.” and Levy et al ** both have NH2-terminal serine 
residues The sequences published by Allen and Fantes’* begin 
with cysteine residues The seven full-length LeIFN cDNAs 
(A-F, H) all code for mature LeIFNs beginning with cysteine 
Although ıt ıs possible that a LeIFN cDNA clone will be 
identified which encodes an N-terminal serine, ıt 1s more likely 
that the determination of serine arose artefactually through 
oxidation of cysteine during the initial protein microsequencing 
procedure 

Disregarding the discrepancies at amino acid position 1, the 
following comparisons can be made. The 32 NH .-terminal 
amino acids of the lymphoblastoid IFN sequence of Zoon etal °? 
have the greatest homology with LeIFN F, with only position 26 
(Pro in LeJFN F, Leu in lymphoblastoid IFN) differing between 
the two species. The 22 NH,-terminal amino acids of LeIFN 
determined by Levy et al’* show the most homology with 
LeIFN A These differ only at position 11 (Asn in the Levy 
sequence compared with Ser for LeIFN A). Allen and Fantes”® 
have determined the sequences of tryptic and chymotryptic 
peptides of two forms of LeIFN IFN-aA and IFN-@B’ IFN- 
aA comprises at least two different polypeptides of 165 amino 
acids with the same amino acid deletion at position 44 that is 
predicted by the LeIFN A cDNA sequence 140 of the 142 
amino acids which have been determined from the IFN-a A 
peptides correspond to the LeIFN A cDNA sequence presented 
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Fig. 4 Comparison of the eight 
LeIFN protein sequences (A-H) 
predicted from nucleotide 
sequences The one-letter abbre- 


30 40 
SLFSCLKDRHDFGFPQ vations recommended by the 
: : ct : ee. IUPAC-IUB Commission on Bio- 
K H P 
5 $ sč UMORA OF 6 F P : chemical Nomenclature” are used 
SPFSYLKORHOFOFPH 
SPRSCLKDRHDFGFPO A, alanine, C, cysteine, D, aspartic 
HDF GF PQ acid, E, glutamic acid, F, phenyl- 
Pe ener EREA alanine, G, glycine, H, histidine, I, 
S SCL BRHDF PQ isoleucine, K, lysine, L, leucine, M, 
methionine, N, asparagine, P, pro- 
ti We line, Q, glutamine, R, arginine, S, 
; l : : : 5 r- } 1 : : ; : ç ; a : serine, T, threonine, V, valine, W, 
STELYQQLNDLEACVIQE tryptophan, and Y, tyrosine The 
CTELYQQUNDLEACYNQE 
YTELYOOLNDLEACVM kK numbers refer to amino acid position 
STELD Q Q See rie (S refers to signal peptide) The dash 
YIELFOQMNDLEACVIQE in the 165 amino acid LeIFN A 
cL ag ND £ à sequence at position 44 1s introduced 
= to align the LeIFN A sequence with 
180 160 166 the 166 amino acid sequences of the 
HRSPSULSTALOESLRSKE other LeIFNs The LeIFN E 
HRSFSESINLOKRLKSKE sequence was determined by ignor- 
Hs : : : d : : a A : ae E ıng the extra nucleotide (position 
URSFSL*TNLQERLRRKE 187 of Fig 3) in its coding region. 
MRSESLSKIFQERLARKE 
MRSFSLSANLQERLRRKE Asterisks indicate in-phase 
MRSFSFSTWLQKRUERRKD = termination codons Ammo acids 
KRS S5 5 q Ł & common to all LeIFNs (excluding 


the pseudogene LeIFN E) are also 
shown The underlined residues are 


amino acids which are also present in 
human FIFN7?81921, 


here, only Asp 84 and Pro 88 of IFN-aA are not predicted by 
the LeIFN A cDNA sequence IFN-aB consists of at least three 
polypeptides of 166 amino acids each and the residues present at 
161 positions have been determined’*. Peptides of IFN-aB are 
most closely related to LeIFN D, with only Met 60, Thr 64 and 
Ala 114 not being predicted by the LeIFN D cDNA sequence. 
The 77 N-terminal amino acids of LeIFN F are found ın the 
IFN-aB peptide sequences However, there are 11 differences 
between these two interferon sequences in the C-terminal 
portion (residues 78-166) of the polypeptides Amuno acid 
sequences deduced from LeIFN B, C, G and H cDNAs do not 
seem to be represented in esther JFN-aA or IFN-aB peptide 
sequences. These comparisons suggest the presence of addi- 
tional LeIFN genes, cDNA copies of which are not present, or 
have not been identified, ın our cDNA library Whether some of 
the slight differences between LeIFN sequences described 
above could be due to allelic variation in the human population 
awaits a detailed genomic characterization of the LeJFN gene 
family from an individual. 


Noncoding sequences of LeIFN 


A limited amount of sequence information ıs available for the 5’ 
noncoding regions of the LeIFN cDNAs (Fig 3). Obvious 
homologies exist ın the regions immediately preceding the 
translational initiation codon, LeJFNs A, B and D are similar in 
this region, as are LeJFNs C and F. 

The 3’ noncoding regions of the Le[FN cDNA clones vary in 
size from 242 (LeIFN D) to 441 (LeIFN B) base pairs, counting 
from the first nucleotide of the stop codon to the site of poly- 
adenylation Figure 5 shows an alignment of these sequences 
with gaps introduced to achieve maximum homology. These 
gaps may be sites of deletions or insertions occurring during the 
evolution of this multigene family*®. The overall homology 
between 3’ noncoding regions 1s lower than that within the 
protein coding regions, although certain portions of the 3’ 
noncoding region are relatively conserved. Both the reduced 
level of 3’ noncoding homology and the substantial deletions in 
the sequence alignments resemble the situation found when 
comparing the analogous DNA sequences of members of the 
human f-like globin gene family” Such results suggest that the 
precise sequence of much of the 3’ noncoding regions of 
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eukaryotic mRNAs ıs not essential for function Experiments 
involving im vitro translation of mRNAs with large 3’ deletions 
support this suggestion?” *® 

Efstratiadis et al*° have noted that short (2-8 base pairs) 
tandem repeats often surround the deletion sites in the B-like 
globin gene family 3’ noncoding sequences They suggested a 
mechanism of ‘slippage’ during DNA replication followed by 
scission of resulting single-stranded DNA loops as a possible 
cause of these deletion events during evolution Such short 
tandem repeats also occur at many of the deletion points in the 
LeIFN cDNA sequences 

The hexanucleotide AATAAA precedes the site of poly- 
adenylation in many eukaryotic cellular mRNAs by 15-25 
bases? Although exceptions to the rule have been found in 
several RNA viruses*’, this sequence 1s thought to be involved in 
mRNA processing and/or polyadenylation A variant of this 
sequence, AATTAAA, has recently been reported which pre- 
cedes the poly(A) site in rat amylase*’ and anglerfish somato- 
statin mRNAs LelIFN A, D, F and G cDNAs contain the 
hexanucleotide AATAAA ending 20, 21, 14 and 21 nucleo- 
tides, respectively, from their polyadenylation sites LeIFN B, 
C, E and H cDNAs do not contain this hexanucleotide At the 
nucleotide position (nucleotides 347-352, Fig 5) corresponding 
to AATAAA ın the LeIFN A, D and G cDNAs, the sequence of 
the other cDNAs differ by one or two nucleotides This sequence 
divergence may have led to the extension of the 3’ noncoding 
region in those genes While LeIFN F mRNA continues until an 
AATAAA 13s encountered 14 nucleotides before 1ts poly(A) site, 
LeIFNs C, E and H possess the related hexanucleotide 
ATTAAA near their 3’ termin: (positions 399-404) LeIFN B 
also has the ATTAAA sequence at this position, but 1s not 
polyadenylated until another ATTAAA sequence 1s reached at 
positions 484-489 Note that the two cDNA clones most often 
isolated (LeIFN A and D) have the shortest 3’ noncoding 
sequences and possess the canonical hexanucleotide at the same 
position 


Significance of the LeIFN multigene family , 
We have presented here the sequences of eight distinct human 
LeIFN cDNAs, seven of which probably code for functional 
interferon polypeptides LeIFN amino acid sequence informa- 
tion’*""* suggests the presence of additional LeIFN structural 
genes The genomic blots shown in Fig 1 and the isolation of 
chromosomal LeIFN sequences”” also support the concept of a 
LeIFN multigene family comprising at least 8-10 distinct human 
LeIFN-related genes, although some of these could be pseudo- 
genes similar to LeIFN E 

The cDNA clones LeIFN A and D occur relatively frequently 
in our CDNA library’, which was prepared using RNA from the 
virus-induced myeloblastoid cell line KG-1'° In contrast, a 
major LeIFN species found ın the lymphoblastoid Namalwa cell 
line’? most closely resembles the polypeptide encoded by LeIFN 
F cDNA—this supports the suggestion of Nagata et al ° that 
different cell types might preferentially express different LeIFN 
genes Preferential expression of different IFNs might also occur 
in the same cell line in response to different viruses 

These multiple LeIFNs probably show distinct functional 
properties Streuli et al ê have shown that two different LeIFNs 
(IFN-a@1 and IFN-a@ 2) have striking differences ın their antiviral 
activities on cells of different species We have recently obtained 
expression in E. col: of the mature LeIFN polypeptides encoded 
by LeIFN A, B, C, D and F cDNAs (unpublished results) and all 
five show different cross-species specificities The availability of 
these cloned LeIFNs should allow the assignment of the various 
activities characteristic of mixed leukocyte interferon pre- 
parations’ to individual LeIFN species. A detailed understand- 
ing of the correlation between LeIFN structure and activity may 
lead to the design of new interferons highly active against 
particular diseases 

We thank Robert Swanson and Giuseppe Miozzari for their 
encouragement, and Jeanne Arch, Alane Gray and Suzanne 
Pfeffer for help in preparing the manuscript. This work was 
supported by Hoffmann-La Roche Inc and Genentech Inc 


LelFN t 20 t 40 t 60 t 80 t 100 
A TGAAAACTGGTTCAACATGGAAATGA TTTYCATTGATTCGTATGCCAGCTCACCTTTTTATGA TCTGCCATTTCAAAGACTCATGTTTCIGCTAIGAGLA 
B TGAGACCTGGTACAACACGGAAATGA TICTCATAGACTAATACAGCAGTCTACACTTTGACAAGT 1 GTGCTCTTTCAAAGACCLT1GTT1C1 GCCAAAACCATLC 
C TGAAAACTGGTTCAACATGGCAATGA TCCTGATIGACTAATACATTATCTCACACTTTCATGAGTICTTCCATTICAAAGACTCAG [TCT ATAACCAUG 
D TAATATCTGGTCCAACATGAAAACAA TTCTTATTGACTCATACACCAGG1CACGCTTTCATGAATTCTGTCATTTCAAAGAGTCTCACCCCTGLTATAACI 
E TGAAAACTGGTTCAACATGGAAATGAGAAACATTICCATGATTAATACATCATCTCACACATTCATGAATTCTGCCATTTC TCAT T14£GLTATATCCAIGA 
F TGA AACCGTTTCAACAIGGAAATGA TCTGTATTGACTAATACACCAGTCCACACTICTATGACTTCTGCCATTICAAAGALTCAT TTCICGCIATAACCACCL 
G TGAAAACTGGTTCAACATCGAAATGA TICTCATTGACTAGTACACCATITCACACTICT TGAGTTCTGCCGTTTCAAATATTAAT TTCTGCTALALCCATGA 
H TGAAAACTGGTTCATCATGGAAATGA TTICLCATTGACTAATACATCATCTCACACTTTCATGAGTTCTTCCATTTCAAAGACTCAC TICT ATAALCALLA 
Fig. 5 Alhgnment of 
the 3’ noncoding se- 
160 180 f 200 l 220 


quences of eight human 120 l 140 


LeIFN cDNAs The 


A TGACACGATTTAAATCTTTTCAAATGTTTTTAGGAGTATTAATCAACATTGTATTCAGCTCITAAGGLACTAGTGCCTTACAGAGGACCAIGCTGAGIGAICCAIT 
alignment of sequences B TATGAATIGAATCAAAT GTGTCAAGTGTTTTCACCAGTGTTAAGCAACATCCTGTTCAGCTGTATGGGCACTAGTCCCT [ACAGATGACCATGCIGAIGGALCIATTL 
gn C  ACGCGITGAATCAAAA TTTTCAAATGTTTITCAGCAGTGTAAACAAGTGTCGTGTATACCTO IGCAGGCACTAGTCCTITACACATGACCATTCOTGATGTCTCTGT IU 
between the termination D ATGACUATGCTGATAAALTGAL £1 
d d the poly(A) E CATGAGTTGAATCAAAA TTTTAAAATGTTTTCAGGAATGTTAAGCAGCATCATGCTTCAGC 'GTACAGGCACTAGTTCCTTACGGATGATCATGCIGAIGGATUTGT L1 
cogon an e poly F CATCAGTTGAATCAAAA TTTICACATCTTT [CAGGAGTGTAAGGAAACATCATGTTTACCTGTGCAGGCACTAG [CCL TTACAGAIGACCAIGCIGATAGAIC LAATT 
addition site was made G CTITGAGTTGAATCAAAA TTTTCAAACGTTT CACACGTCTTAAGCAACACTIC 1ITTAGCICCACAGGGACAAAATCTTTACAGATGATCATGCCAAICTATCIATTCT 
H CA AGTTGAATCAAAA TTTCCAAATGTTTTCAGGAGTCTTAAGAAGCATCGTGITTACCTGIGCAGGCALTAGTCC] [TACAGA1GACCAITCIGATGICLCC1 LLC 
using considerations 
described elsewhere 
Blank areas indicate 240 260 280 300 320 
t $ ¢ i ł t ? 3 3 i Li 
gaps introduced to A ATCTATTTAAATATT TTTAAAATATTATTTATTTA ACTATTTATAAAAG AACTTAT TTTTGTTCATATTACGICATGTGCACCI LT 
achieve consistent align- B ATCTATTTA TTTAAATCTTTATTTAGTTA ACTACTATAGGGACTT AAATTAG TTTTGLTCATATIATALTAIGTGAACTITT 
ments The sequence C ATCT TITG TITAAATATTTATTTAATTA TTTTTAABATTT ATGIAATAICATGAGTGGCTIT 
q D ATCTATTTAAATATT TATTTAACTATTCA TAAGATTT AAATTAT TTLTGTICATATAACGYTCATGTGCACCTTI 
AATAAA common to E ATCTATTTG TCTAAATAATTATTTAACTA TTTATAATATTTAAAATCITCTTTT CATGTA TCATG TATTTI1 
t karvotic poly- F ATCTATCTA TTGAAATATTTALTTATTTA TTAGA TTT AAATTAT TITTGTCLATGTAATATTAIGTGTACITTL 
most cuxary Poy C ATCTATTTATCTATCTGTCTGICTTCTATCTAATTTTAAATATTTATITATTTATAAGATTTAAATTATTTTAAACTIATGTTIGTICAGGTAATATIALAL CCACCIT 
adenylated mRNAs” 1s H ATCTATTTA TTTAAATATTTATTTATTTA ACTATTTTTATTATTT AAATTATTTTTT ATGTAATALCATGAGTACUITT 
underlined The related 
sequence = ATTAAA, 340 360 380 400 420 440 
which may also serve i ‘ s 1 i ; ’ t È ` 
A GCACAGTGGTTAATGTAATAAAA TATGTT CTTIGTATTTGGT-poly(A) 
as a polyadenylation B ACATTGTGAATTGTGTAACAAAAACATGT? CTT ATATITATT ALTTTGCCATGTTTATTAAATTTTTACTALGAAAAAATTCIT TATLLATTCTTTA 
signal, 1s indicated by C ACATIGTGGTTAATGTAACAATA TATGTT CTTCATATTTAGCCAATATATTAATTT CCTTTTTCATTAAAITTTTACTALAC- poly(A) 
dashed lines D ACACTGTGGTTAGTGTAATAAAA CATGTT CCTTATATTTACTC-poly(A) 
E ACTTICTCGTTAATATAACAACA CATGTT CTTTATATTTAGTCAATATATTACTTTGCTITTTTCATTAAATITTTACTATGG~po ly (A) 
F ACATIGTGTTA TATCAAAA TATGTIAATCTAATATTTAGTCAATATATTATTTT CTTTTT ATTAA TTITIACTATTAAAAC LTCTTATALIALIIGGIIA 
G ACTTIGTGGCTAATATAATAAAA TATCTT CTTTATGTTITGTC-poly(A 
H ACATTIGTGGTTAATGTAACAAA TATGTYT CTTCATATTTAGCCAATATATTAAITT CCTTTTTCATTAAATTT [TACTAT~poly (A) 
l 460 l 480 500 
B AAATT GAA CTCCAA CCCATGAATTGTGCAAACTGATTAAAGAATGGATGGT-pol y(A) 
F TICTTTAATAAAGAAATTCCAAGCCC-poly (A) 
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Homology and concerted evolution at the 
a1 and a2 loci of human a-globin 


Stephen A. Liebhaber, Michel Goossens & Yuet Wai Kan 


Howard Hughes Medical Institute Laboratory and Department of Medicine, University of California, San Francisco, California 94143, USA 


The identical structure of two racially distinct al-globin alleles and the high degree of homology between the al- and 
a2-globin loci indicate that mechanisms exist for suppression of allelic polymorphisms and for exchange of genetic 


information within the a-globin gene complex. 


THE human a-globin polypeptide chains are encoded at two 
closely linked loci” on chromosome 16 (ref 3) Genomic DNA 
containing both of these genes has been cloned and mapped* 
The loci are 3.2 kilobases apart and are oriented in the same 
transcriptional direction The more 5’ or leftward a- globin gene 
has been designated as a2 and the more 3’ or rightward æ- globin 
gene as al The a-globin proteins encoded at these loci have 
remained identical” even though the duplication of the a-globin 
gene probably occurred before the mammalian divergence 85 
Myr ago and possibly before the bird~-mammal divergence a 
minimum of 300 Myr ago® As gradual accumulation of muta- 
tions within these two genes would have caused divergence in 
the primary structure of the coded proteins over this time 
period, a mechanism for correcting one gene against another has 
been postulated’, The parallel or coincidental evolution of two 
genes (concerted evolution®) may occur by homologous but 
unequal cross-over between the two mutually correcting genes 
Comparison of a-globin protein structure in primates indicates 
that this interaction between the two a-globin loci occurs at a 
high frequency® Comparisons of the structure of the two y- 
globin loci (“y and °y) support the concept of concerted evolu- 
tion and suggest mechanisms for its implementation®? 
Heteroduplex analysis* and partial sequencing’? of the DNA 
within the human a-globin cluster have identified three 
homologous units that may align the a1- and a2-globin genes 
on sister chromatids, facilitating unequal cross-over between 
these two loci. To expand on these findings, we have sequenced 
the a1-globin genes from two individuals of different races and 
compared these alleles with each other and with the structure of 
the a@2-globin gene’! The two a1-globin alleles are identical, 
whereas the a1 and a2 loci have diverged in a defined manner 
These observations are consistent with frequent exchanges of 
DNA within the a-globin gene cluster 


Primary structure of two a1-globin alleles 
is identical 


The ai-globin genes cloned from the DNA of an Asian (pGL 
a1) and a Caucasian (pRB a1) were sequenced in parallel. The 
sequencing scheme used 1s shown ın Fig 1 and the regions 
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Fig. 1 Strategy for sequencing the al-globin genes Vertical 
arrows denote restriction enzyme cleavage sites, Aval (Av), 
HindIII (H), BstE2 (Bs), Poull (Pv) The positions of the capping 
and poly(A) addition sites as determined from the mRNA2®:?9 
are shown DNA was cut at each of the indicated restriction 
sites and either -labelled with polynucleotide kinase (BRL) 
and [y-°2P]JATP (Amersham, 3,000 Ci mmol‘) after 
dephosphorylation of the DNA with bacterial alkaline phos- 
phatase (BRL), or 3’-labelled with Escherichia coli DNA poly- 
merase I, Klenow fragment (BRL) and the appropriate [e- 
*2PIdNTP (3,000 Cı mmol”) These labelled fragments were 
purified on 5% acrylamide gels and either strand separated?’ or 
secondarily cut by another restriction endonuclease Gel-purified 
end-labelled pieces were sequenced by the method of Maxam and 
Gilbert”? The horizontal arrows are proportional to the distance 
each fragment was read All fragments were sequenced twice and 
in most cases on both strands bp, Base pairs 
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Fig. 2 Sequencing summary The complete sequence of the a2- 
globin allele pSL a2 has been reported? pGLai and a2 are 
PBR 322 subclones containing respectively the a 1- and a2-globin 
genes from a single chromosome (M Goossens, unpublished data) 
These were subcloned from a Charon 4A recombinant containing a 
14 5- kilobase (kb) BamHI fragment that includes both a-globin 
genes? The DNA originated from the leukocytes of a Chinese 
subject pRB a1 and a2 are pBR 322 subclones containing the a 1- 
and a2-globin genes from a single chromosome (yHaG2)* of a 
Caucasian patient and were provided by T Maniatis The plasmid 
subclones used for sequencing were grown in 15 L batches, 
amphified at Aggo0 7 with chloramphenicol (150 yg ml *), collec- 
ted 18 h later and purified from a clarified lysate by CsCl tsopyknic 
centrifugation The extent to which each of these genes was 
sequenced 1s indicated by the horizontal arrows (see text for 
details) The a1- and a-2 alleles were sequenced in parallel to 
enhance their comparison and to minimize misreadings Each gene 
was labelled at the same restriction site, chemical reactions were 
done simultaneously and, ın most instances, the modified and 
cleaved fragments were electrophoresed side by side on the 
same gels 


compared in each clone are summarized in Fig 2 No differences 
are present in the primary sequence as determined by a direct 
visual comparison of the adjacent sets of sequencing lanes 
Likewise, the sequences of the 230-base pair Aval fragments 
(Figs 1, 2) encompassing the 5’ end of three a2-globin genes 
(pSLa2, pGLa2 and pRBa2) are identical and hmited 
sequencing of the 3’ end of a fourth a2-globin allele (Chinese) 
from the BstE-2 site at AA104 (Fig 1) to the polyadenylation 
[poly(A)] site (G Temple, personal communication) 1s identical 
with our reported a2 sequence for a Caucasian (pSL a2)"* (see 
Fig 2) This degree of homology was unexpected as Jeffreys has 
estimated that 1% of the bases in the human @-giobin cluster are 
sites of polymorphism’? However, this 1% estimate 1s based on 
the identification of three restriction site polymorphisms located 
in the large intervening sequence of the y and 6 genes 
Subsequent sequencing of these genes has revealed that an 
unusually high rate of sequence divergence exists in this region”? 
and that the two polymorphisms noted ın the y- globin genes are 
probably due to a single imtial mutation ın one of the y-globin 
genes with subsequent transfer of this mutation to the other 
y-globin gene? Therefore a reliable overall rate of sequence 
divergence ın the B-globin complex must await comparative 
sequencing along the entire length of the genes in question 


3’ border of homology between the a-globin 
loci is near the UAA termination codon 


Comparison of the a-globin gene sequence at the a1 and a2 
loci!’ reveals no differences ın the 5'-flanking region, the 5’- 
nontranslated segment, the first exon, or the first intervening 
sequence (IVS) Exons 2 and 3 each contain one silent third- 
base substitution Codon 54 (Gin) is encoded by CAG ın a 1 and 
by CAA in @2, and codon 123 (Ala) by GCC in a1 and GCT in 
a2 

The IVS2 of the al-globin gene 1s nine bases longer and 
differs by three bases from the same region of the a2-globin 
gene (pSL a2) Position 55 of IVS2 1s T in a2-globin and G ın 
al-globim The remaining two base changes and all nine 
inserted/deleted bases are clustered toward the 3’ end of this 
intron This finding 1s consistent with the previous comparsion of 
the pRB a1 and pRB a2 restriction maps which identified a 


seven-base insertion/deletion in the same region of IVS2 fref 
4) Figure 3 shows an alignment of this region that maximizes 
homology and assumes that the nine bases were deleted as three 
separate events The seven-base deletion 1s flanked by a four- 
base direct repeat Deletions ın prokaryotic models” as well as a 
number of sequence deletion within the 6- globin gene cluster’? 
are similarly flanked by direct repeats in the precursor molecule 
Whether the underlined four-base repeat (GGCC, Fig 3) results 
in deletion by strand mismatch during DNA replication as 
suggested by these authors remains speculative, as the current 
data do not eliminate the possibility that the differences were 
created by insertions or insertion/deletion combinations 

Heteroduplex mapping studies define several large repeated 
homologous regions encompassing the al- and a2-globin 
genes’ (Fig 4a) Proudfoot and Maniatis’® have sequenced the 
actual borders of some of these segments The most leftward 
homology box begins just 3' to the poly(A) addition site of the 
pseudo-a1- and a2-globin genes This area includes a large 
intergenic region of homology between pseudo-a@ and a2 and 
a2 and a1 (the X box in ref 11) (Fig 4a) Based on the 
assumption that the 3’-noncoding region of a1- and a2-globin 
mRNA was identical (see below), the poly(A) addition site of 
these two genes was thought to define the 3’ border of a second 
set of homology regions (the Z box) which encompasses the two 
a~ globin genes and extends 1 5 kilobases in the 5’ direction Our 
sequence comparison of the 3’-noncoding region of the a1 and 
a2 genes (Fig 4b) defines 18 base differences plus a single-base 
insertion or deletion, making this region only 84% homologous 
Thus we would reassign the 3’ border of the Z box (the border of 
a- globin gene recombination—see below) to a position 14 bases 
3’ to the UAA termination codon The assumption that the 
3’-noncoding regions of both a- globin genes were 1dentical was 
based on the determination of a unique sequence for this region 
from reticulocyte mRNA* That sequence 1s almost identical to 
the gene sequence of the a2-globin locus, whereas ıt differs 
from the al-globin gene at 18 bases and one insertion or 
deletion Although a definite sequence assignment could not be 
made at seven positions, only three of these correlate with the 
base differences between the a1- and a2-globin genes This 
disparity between the unique sequence of reticulocyte a-globin 
mRNA and the above genomic sequence data may be recanciled 
by suggesting that the mRNA transcribed from the a2-globin 
locus predominates ın circulating reticulocytes due to unequal 
production or degradation”® 

The sequence divergence between a1- and a2-globin genes 
which begins 3’ to the UAA terminator codon and extends into 
the 3’-flanking region 1s interrupted by a 50-base pair homo- 
logous stretch bridging the poly(A) site and the AAUAAA 
hexanucleotide (poly(A) signal)’’ (Figs 4b, 5) This region (with 
the exception of the conserved hexanucleotide AAUAAA) 1s 
highly divergent in eukaryotic mRNA in general, and ın g- 
globin can be deleted or inactivated without adversely affecting 
in vitro translational activity’® Among -globin and B-like 
globin genes homology ın this region 1s significant only for the 
hexanucleotide AAUAAA, its immediately surrounding bases 
and the sequences adjacent to the poly(A) addition site’* Thus 
the observed maintenance of perfect homology in a segment of 


GGC_GCGG_CTTGGGCC GCACT a2 
GGCTGCGGGCCTGGGCC CCACT Possible transttronal sequence 


GGCTGCGGGCCTGGGCCCTCGGCCCCACT a, 


Fig.3 Deletion sites in the 3’ end of [VS2 This sequence begins at 
base 101 of [VS2 and extends through the divergent region to a 
position 19 base pairs from the junction of IVS2 with exon 3 The 
sequence of the ai-globin gene, the a2-globin gene’ and a 
possible intermediate sequence are aligned for maximal homology 
The open spaces in the a2-globin gene and the intermediate 
sequence represent deletions in this region relative to the al- 
globin gene The dot indicates the position of a base change The 
underlined tetranucleotide GGCC 1s discussed 1n the text 
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Fig.4 Homologous regions within the segment of æa- globin gene cluster containing the ya 1~,a@2- and a1-globin genes The rectangular blocks 
represent the respective genes and the open spaces within these blocks represent the introns Regions that show identity by heteroduplex 
analysis or partial sequence determination’ are given the same letters (X, Y or Z) Thus figure 1s adapted from ref 10 by permission of the 
author (N J P ) b, Comparison of the 3’ ends of the a 1-globin, a2-globin and ya 1-globin genes’? The sequence begins at the codon for AA132 
of the functional a-globin genes and extends through the TAA ochre codon, the 3’'-nontranslated region, and into the 3’-flanking region 
(lower-case letters) Base differences between the a1-globm gene and the a2-globin gene or Ya 1-globin gene?’ are indicated by the shaded 
boxes Deletions are indicated by a hyphen The region of homology encompassing the a1- and a2-globin genes (Z box) has its 3’ border 
approximately 14 bases 3' to the TAA termination codon nd the region of homology 3’ to the ya1- and a2-globin genes (X box) has its 5’ 
border sıx bases 5‘ to the poly (A) addition site 


this region 1s probably not entirely explained by functional 
constraints and could instead be due to a localized transfer of 
DNA between the two a-globin loci (see below) 


Evolution of the a-globin genes 


The a1- and a2-globin genes may exchange DNA by inter- 
action between malaligned chromosomes Such interactions 
may be facilitated by and result in large homologous regions 
within the a-globin complex (refs 4, 10, see also Fig 4a) The 
degree of divergence within these regions would be proportional 
to the length of time since this exchange occurred Divergence 
outside this unit (3’-untranslated and 3’-flanking arez of the 
a-globin genes) might be proportional to some earlier event 
such as the original a-globin gene reduplication or a subsequent 
correction The sequence divergence between the two a-globin 
genes from the 5’-flanking area to the UAA terminator ıs 8 bases 
out of 773 or 1 1% (each postulated insertion or deletion event 
is given the value of one base change). We assume that the 
changes within IVS2 are (phenotypically) silent, based on the 
finding ın recently diverged gene pairs that the rate of accumu- 
lation of silent changes ın coding regions approximatelv equals 
that in intervening sequences’. The 1.1% silent divergence can 
be equated to divergence time For recent evolutionary events in 
the globins (less than 85 Myr) Efstratiadis et al ** have calculated 
a unit evolutionary period (UEP) of approximately 1 3 Myr (1% 
silent sequence divergence per 1 3 Myr) based on the method of 
Perler et al.’°. Using this constant, the divergence time or time 


since the last correction between the a1- and a2-globin genes 
in this homologous region 1s 1 4 Myr Similarly, Zimmer et al 
have calculated that the last correction of the a-globin genes 
occurred 07 Myr ago®, based on amino acid differences in 
several primate species. The divergence in the 3’-noncoding 
region and 3’-flanking regions ıs 17 2% (19/110) and 27 8% 
(17/61), respectively Ifthe denominators are revised to exclude 
the 50-base pair homologous region that encompasses the 
poly(A) addition site, the divergence rates become 29% (19/66) 
and 42% (17/40) and the estimates of the divergence time 
become 40 3 and 54 6 Myr, respectively. As duplication of the 
a-globin gene has been estimated to have occurred before the 
bird-mammal evolutionary divergence (~300 Myr ago), the 
a-globin genes apparently have corrected against each other in 
the 3’-untranslated and flanking regions at least once and prob- 
ably numerous times since the original duplication The obser- 
vation that the w- globin gene duplication unit contains segments 
with different levels of homology 1s not unique as a similar 
situation has been demonstrated ın the y- globin gene family” It 
1s assumed that the regions with higher homology have under- 
gone more recent genetic exchange 

Evidence cited here and by others“? supports the concept of 
recombination and exchange of DNA between defined portions 
of the two a-globin loci Mapping of the a-globin genes in 
patients with a-thalassaemia*°** and confirmatory observations 
in vitro have demonstrated that the a-globin genes can recom- 
bine by unequal cross-over at a variety of sites (ref 4, and 
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Fig.5 Distribution of differences ın the primary structure of the a 1- and a2-globin genes The width of each bar covers a 10-base pair segment 

and the height ıs proportional to the number of base differences withm that segment The analysis covers the «-globin genes from 88 base pairs 5' 

to the cap sıte and extends through the genes to 61 base pairs 3’ to the poly (A) addition stte Each deleted base or group of bases was assigned a 
value of one base difference (see text) 
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M Goossens, unpublished data) One outcome of such a strand 
exchange is a chromosome with three a loa’? and a 
chromosome with one œ locus” Such interactions are made 
possible by base pairing between two malaligned DNA strands 
mediated by the repeated homology units encompassing the 
adjacent loci The size of these homology units may be deter- 
mined by the extent of the most recent strand exchange and this 
m turn would determine the target size and frequency of 
subsequent interactions A succession of such strand exchanges 
of varying lengths would yield adjacent regions that vary in 
degree of homology. The variation in homology observed on 
either side of the a 1- and wa2-globin UAA termination codons 
may be explained by this mechanism Although a similar 
mechanism has probably maintained the homology unit com- 
mon to the two y-globin genes’, this sort of exchange has 
not occurred at a comparable rate between the closely linked 
B- and 5-globin genes’? The &-globin gene ın all primates 
studied is either unexpressed or expressed to a very limited 
extent” If limited 5-globin gene expression ıs due to an abnor- 
mality in its structure, then an unequal cross-over between the 
5-globin and $-globin genes, such as haemoglobin Lepore, 
might severely diminish the B-globin gene expression leading 
to a B-thalassaemia phenotype As ıt ıs deleterious, such an 
exchange would probably be selected against in most 
populations 

Our comparative sequencing of the a 1-globin genes from an 
Asian and a Caucasian shows that the sequences of these two a1 
alleles are identical Assuming a UEP of 1 3 Myr (see above) and 
a target size of 900 base pairs (the region sequenced ın both 
a i-globin genes), one base difference is expected between the 
a-globin alleles every 140,000 yr (This 1s a minimal estimate 
because the UEP of 1 3 Myr 1s for silent changes ) From the 
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accumulated globin sequencing data available, ıt seems unlikely 
that the sequence of each a- globin gene has been so strmgently 
maintained entirely by selective pressure and hence the obser- 
ved suppression of polymorphism may be the result of a genetic 
recombination such as that postulated to occur between the 
“y-globin genes? A mechanism for such structural correction of 
one allele by another (gene conversion) has been reviewed by 
Raddıng” Homologous interaction betweeen the correspond- 
ing loci of two aligned chromosomes which contain distinct 
alleles can result in a non-reciprocal exchange, with the loss of 
one allele and its replacement by the other Such non-reciprocal 
sister chromatid excange 1s observed in yeast?® and Droso- 
phila*’ As racial divergence probably paralleled population 
segregation, genetic interaction would not be expected to occur 
at high frequency across racial lines Hence the finding of an 
identical a-globin gene sequence in Asians and Caucasians 
implies that these two races probably diverged after the estab- 
lishment 1n a common precursor population of the most recent 
conversion at the a 1-globin locus 

Mechanisms of genetic exchange cited above can be con- 
structed to account for the observed patterns of homology 
within the a-globin gene region The large repeated regions 
within this gene cluster probably facilitate such interaction 
However, 1t 1s unclear whether any selective advantage 1s gained 
by maintenance of homology within a duplicated gene locus 
How the product of these interactions becomes predominant 
within a population remains to be defined 
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Homologous pairing can occur before DNA 
strand separation in 
general genetic recombination 
Stephen C. West, Era Cassuto & Paul Howard-Flanders 


Departments of Molecular Biophysics and Biochemistry, and Therapeutic Radiology, Yale University, PO Box 6666, New Haven, 
Connecticut 06511, USA 


In the presence of ATP and Mg” , purified Escherichia coli recA protein promotes the formation of joint molecules between 
closed circular duplex DNA and homologous circular single-stranded DNA carrying a short annealed fragment The 
presence of this fragment ts essential for pairing between molecules In similar conditions recA protein ıs unable to act as a 
helicase and does not cause strand separation of the fragment from the single-stranded circle Thus, homologous pairing 
between DNA molecules can take place without prior unwinding of a free end 


A GENETIC approach to the study of general genetic recom- 
bination has been to accumulate data derived from meiotic 
divisions in fungi and to develop models to illustrate how 
chromosomal DNA molecules might be cut, paired, joined and 
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matured into recombinant progeny’ The models proposed by 
Holliday’ and more recently by Meselson and Radding® have 
been used successfully to provide a coherent explanation for 
extensive data on recombination ın fungi® ’—the early steps of 
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Table 1 Detection of joint molecules by the retention of form I DNA 
on nitrocellulose filters, after reaction with substrate DNA consisting of 
®X174 viral DNA with annealed fragment 





% Duplex 
DNA 
DNA Proteins retained 
(1) ®X174 substrate +form I PX174 mem 77 
Same recA 19 
Same recA + SSB 37 
(2) X174 substrate + form I plasmid — 77 
Same recA 30 
Same recA +SSB 56 
(3) Single-strand PX174 +form I X174 oe 60 
Same recA 60 
Same recA +SSB 94 
(4) Single-strand PX174+form I plasmid —_ 10 
Same recA 56 
Same recA + SSB 65 


recA + SSB 83 
recA + SSB 80 


(5) Form I X174 only 
Form I plasmid only 





The assay was essentially that described by Cunningham et al = 
Reaction mixtures of 30 ul contained 20 mM Tris-HCI, pH 7 5,25 mM 
MeCh, 2 mM dithiothreitol, 100 ug ml~' bovine serum albumin, 2 mM 
ATP, 17 nmol substrate or single-stranded X174 DNA, 02 nmol! 
32b_labelled form I ®X174 or *H-labelled form I plasmid pBR322 
DNA, 40 ug recA protein and 2 pg SSB protein where indicated After 
mcubation at 37 °C for 30 min, reactions were terminated by the addı- 
tion of 2 ul of 0 25 M EDTA and proteins removed from the DNA by 
the addition of SDS to 1% Water was added to bring the volume to 
200 wl, and 50 wl of the reaction mixtures were spotted directly onto 
nitrocellulose filters (Schleicher and Schuell, BA 85) to measure total 
counts The remarmder of the reaction mixtures was added to 3 ml of iced 
1 5M Nacl, 0 15 M sodium citrate, pH 7 0, and filtered through mitro- 
cellulose filters These were then counted for radioactivity and the 
percentage of joint molecules calculated by determining the percentage 
of input form I DNA that was retained on the filter due to 1ts hydrogen 
bonding to substrate DNA Radtoactivity due to the substrate DNA was 
determined ın control experiments and subtracted before calculation of 
the percentage duplex DNA retained In experiment 1, the difference of 
29% in duplex DNA retained after incubation with recA and SSB 
proteins was subject to a statistical error of 33% (95% confidence 
limits) The substrate for this assay was prepared by digesting DX174 
form I *H-labelled DNA with Hpal restriction enzyme (BRL) and 
separating the products on a 5% polyacrylamide slab gel The smallest 
fragment (392 base pairs) was eluted from the gel, concentrated and 
denatured by heating, followed by rapid cooling The fragments were 
then annealed with the (+) strands of X174 **P-labelled DNA Excess 
fragments not bound to the (+) strands were removed by neutral sucrose 
centrifugation To measure the retention of intact circular DNA on 
filters that also retain the lightly labelled substrate DNA, highly labelled 
32D form I ®X174 or °H form I plasmid pBR322 DNA was used 


the latter model? are shown in Fig 1A Recombination 
enzymes from fungi have been studied to a limited extent’, 
however, the cloning of bacterial recombination genes has 
facilitated the purification of their protein products and opened 
the way to an enzymological approach to the study of homolo- 
pous pairing 

In Escherichia colt, recombination 1s controlled by recA*®, the 
structural gene’! ’? for a single-stranded (ss) DNA-binding pro- 
tein of 38,000 molecular weight (MW)'*? with ssDNA- 
dependent ATPase activity’® *° Purified recA protein promotes 
homologous pairing between DNA molecules of various struc- 
tures Three situations have been studied (1) in catalytic 
amounts, recA protein promotes hydrogen bonding between 
complementary single strands”’, (2) in stoichiometric amounts, 
sufficient to cover all the ssDNA present, recA protein promotes 
hydrogen bonding between ssDNA fragments and homologous 
duplex DNA” The product of the reaction 1s a D-loop, which 
contains a heteroduplex region with a single-strand fragment 


paired to one strand of the duplex” (Fig 1A, III) Pairing may 
be facilitated as recA protem reduces the winding number of 
duplex DNA”, (3) recA protein also promotes homologous 
pairing between two duplex DNA molecules if one of them 
contains one or more short single-stranded regions*°*” The 
latter reaction 1s of particular interest because genetic recom- 
bination ın living cells usually involves duplex DNA molecules 
Furthermore, because post-replication gaps in UV-ray-irradi- 
ated bacteria’? are known to initiate sister exchanges with an 
efficiency approaching unity”, it 1s likely that duplex DNA 
containing single-strand gaps (gapped DNA) 1s a natural sub- 
strate for recombination enzymes 

This important concept 1s supported by other results obtained 
with a gapped substrate In the presence of ATP, recA protein 
recognizes gapped DNA and forms DNA-protein complexes 
with a high ATPase activity”’ If ATP 1s replaced by the non- 
hydrolysable analogue y-S-ATP, this protein binds tightly to 
duplex DNA containing single-stranded regions, to form thick 
rod-like structures easily seen by electron microscopy These 
rods are visible on gapped but not intact duplex DNA Because 
homologous pairing requires ATP hydrolysis*°*’, we have 
suggested that rod-like structures formed transiently in the 
presence of ATP may participate in pairing between duplex 
molecules and the recognition of homology?’ 

Two duplex molecules paired in a region of homology are 
sometimes referred to as joint molecules. The pairing of gapped 
DNA with intact homologous duplex DNA by recA protein 
results ın joint molecules that are stable when deproteinized by 
SDS and proteinase K, but unstable in alkal” The paired 
molecules are linked by noncovalent bonds which show a ther- 
mal stability approaching that of duplex DNA” However, little 
is known about the structure ın the pairing region of these joint 
molecules Most published models for genetic recombination 
between two duplex DNA molecules assume that one duplex 1s 
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Fig. 1 Two models for the early steps in general genetic recom- 
bination A, The initial steps from the model proposed by Meselson 
and Radding”* I, displacement of a single strand by the replication 
of remaining strand The wavy line denotes new synthesis, II, 
search for homology to single-stranded end, III, uptake of the free 
end of the displaced strand by a homologous double-stranded 
molecule to produce a three-stranded structure containing a 
heteroduplex called a D-loop”* 7° B, The initial steps of a model 
involving four-strand homologous pairing before strand separa- 
tion I, recA proteim binds cooperatively to ssDNA at the site of the 
gap and loads the adjointng duplex, IL, the loaded DNA binds 
nonspecifically and searches for homology ın the intact duplex at 
the expense of ATP The search may involve one molecule moving 
over the other or repeated contacts, II, formation of homologous 
contacts allows hydrogen bonding between the DNA molecules 

The site of initial pairing may or may not include the position of the 
gap The joint molecules are held by complementary hydrogen 
bonding, even after the removal of recA and SSB proteins The 
subsequent steps which, m both models, include cutting, branch 
migration, isomerization and mismatch correction, are not shown 

here 





Nature Vol 290 5 March 1981 


31 





a 


O 
AA : 
O OrO 
D 


Fig.2 DNA substrates used in the experiments a, Single-stran- 

ded X174 viral (+) DNA with a short annealed fragment (—), b, 

the same as a but with addition of sonicated (+) DNA fragments, 

c, same as a but with intact form I ®X174 or plasmid pBR322 

duplex circular DNA, d, single-stranded ®X174 DNA with intact 
form I ®X174 or plasmid duplex circular DNA 


cut or gapped, and the single strand with a free end 1s partially 
unwound, as shown in Fig 1A, I (ref 5) The unwound strand 1s 
thought to act as a template in the search for complementary 
sequences in the second duplex If homologous contacts are 
made, the free end may wind into the intact molecule to form a 
heteroduplex, the remaining strand of the second duplex being 
displaced to form a D-loop (Fig 1A, III) 

However, the results of several experiments cannot be easily 
accounted for by a model for pairing between two duplexes 
which requires the initial unwinding of a free end (1) the 
introduction of interstrand cross-links at both ends of the single- 
stranded region impairs strand separation but has no effect on 
the yteld of jomt molecules”, (2) electron microscopic obser- 
vations of joint molecules indicate that the joint 1s often distant 
from the single-stranded gap”®, (3) ın addition, the experiments 
described here show that joint molecules can be formed by recA 
protein although helicase activity (unwinding and strand 
separation) could not be detected 

To account for these observations, we present here a working 
hypothesis for the initial step ın homologous pairing between 
duplex molecules which 1s an alternative to D-loop formation 
Unlike the Meselson—Radding model, ıt does not require new 
DNA synthesis and could therefore function in post-replication 
repair where replication 1s blocked by damaged bases**”” 


RecA protein does not act as a helicase 


Several protems capable of catalysing the unwinding of duplex 
molecules have been characterized helicases I, II, HI and rep 
protein promote the unwinding of partially double-stranded (ds) 
DNA in ATP-dependent reactions***’ Incubation of these 
enzymes with a single-stranded substrate containing a short 
DNA duplex resulted ın the separation of the strands of duplex 
DNA This required the presence of single-stranded binding 
protein (SSB) which bound to the separated single strands and 
reduced the rate of renaturation®® In addition, exonuclease V 
unwinds linear duplex molecules in the presence of SSB pro- 
tein 

The substrate used in the assay comprised **P-labelled 
complementary strand fragments annealed to *H-labelled 
®X174 viral (+) strands (Fig 2a). Figure 3 demonstrates that 
helicase I in the presence of ATP and SSB protein resulted in 
strand separation, a represents the sedimentation at neutral pH 
of the starting substrate Although the **P-labelled DNA was 
only 194 nucleotides long, it sedimented rapidly because ıt was 


annealed to the intact ÞX174 DNA Figure 3b shows the restilts 
of incubation of 2 nmol DNA with 1 65 pg helicase I for 30 min 

The reaction mixture was then applied to the top of a neutral 
sucrose gradient and centrifuged As can be seen, a portion of 
the annealed *P-DNA (46%) sedimented more slowly, 
indicating that strand separation had occurred When SSB 
protein was omitted (Fig 3c), only a small amount of strand 
separation (<10%) was observed Omussion of ATP or helicase 
I gave results identical to those in Fig 3c, that 1s, no strand 
separation was observed Very similar results were obtained 
when helicase I was replaced by helicase II (data not shown) 

These results are consistent with published data for helicase- 
catalysed strand separation??? 

In parallel experiments using identical conditions, the efficacy 
of recA protein in the strand separation assay was investigated 
Figure 3d shows the results obtained after incubation of 2 nmol 
of substrate DNA (Fig 2a) with 20 ug recA protein for 30 min, 
in the presence of SSB protein, as described above The P- 
labelled DNA remained annealed to the intact X174 DNA 
which indicated that recA protein did not separate the strands 
Figure 3e shows the results of a similar reaction from which SSB 
protein had been omitted Reactions were also done using recA 
protein in the range 2-200 pg, with or without SSB protein or 
ATP, or where ATP was replaced with 0.5 mM y-S-ATP, but no 
strand separation was detected ın any of these conditions (data 
not shown) We also investigated the possibility that homolo- 
gous ssDNA might stimulate strand separation by recA protein 
*H-labelled ®X174 (+) ssDNA was sonicated briefly to 
produce DNA fragments of average length 400 nucleotides, as 
estimated by sedimentation Figure 3f shows the results of 
incubation of 2 nmol of substrate DNA and 4 nmol homologous 


, (+) fragments (Fig 25) with 40 pg recA protem and ATP for 30 


min as described Simliar results were obtained when the reac- 
tion mixture was supplemented with SSB protein (data not 
shown) No separation of the **P-labelled fragment from intact 
X174 circles by recA protein was observed in conditions in 
which the separation of 10% of the fragments would have been 
easily detected 

To determine whether helicase-catalysed unwinding could be 
inhibited by the presence of recA protein, we examined tts effect 
on the helicase II reaction in conditions of limiting helicase 
enzyme Figure 4a represents the sedimentation of the starting 
substrate and b the results of incubating 2 nmol of substrate 
DNA (Fig 2a) with 2 wg SSB protein and 2 4 ug helicase II for 
30 min at 37°C The reaction mixture was then sedimented in 
neutral sucrose At this concentration of helicase II, 32% of the 
annealed DNA was separated from the substrate DNA and 
sedimented more slowly Addition of 20 pg recA protein to an 
identical reaction mixture caused a slight increase ın the extent 
of separation (from 32 to 48%, Fig 4c), indicating that no 
inhibitory factors were present 

The results shown in Figs 3 and 4 show that recA protein did 
not act as a helicase In similar conditions helicases I or II 
separated the annealed fragment from the single-stranded 
circle The addition of recA protein to helicase I did not inhibit 
the reaction 


Formation of joint molecules by recA protein 


The DNA substrate used ın these experiments comprised a 
single-stranded circle with an annealed single-stranded frag- 
ment (Fig 2a), and ıs similar to a gapped duplex Because recA 
protein produced joint molecules from intact and gapped duplex 
molecules”*?’, we investigated whether the substrate with a very 
short duplex region (Fig 2c) also formed joint molecules ın the 
presence of recA protein Nitrocellulose filters were used in the 
assay” because they allow form I DNA to pass but retain both 
substrate DNA and joint molecules due to their partially single- 
stranded nature 

To study the formation of joint molecules we incubated 
0 2 nmol **P-labelled form I X174 DNA and 1 7 nmol sub- 
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Fig. 3 Neutral sucrose sedimentation profiles showing the 
separation of a **P-labelled ®X174 fragment from °*H-labelled 
X174 single-stranded circular DNA by helicase enzymes The 
standard reaction mixture was used a, without enzyme, b, with 
helicase J, c, with helicase I but without SSB protein, d, with recA 
protein, e, with recA protein but without SSB protein, f, with recA 
protein and excess homologous *t-Jabelled (+) single-stranded 
®X174 fragments Sedimentation ıs to the left The substrate for 
the unwinding assay was prepared by digesting X174 form I 

“P-labelled DNA with HaellII restriction enzyme (Bethesda 
Research Laboratories) and separating the products on a 5% 
polyacrylamide slab gel The 194-base pair fragment was eluted 
from the gel, concentrated by ethanol precipitation and denatured 
by heating, followed by rapid cooling The fragments were 
annealed with the (+) strands of ®X174 “H-labelled phage DNA 
Fragments not bound to the (+) strands were removed by sucrose 
gradtent centrifugation RecA and SSB proteins were purified as 
described elsewhere?” *° The standard reaction mixture contained 
in a total volume of 100 pl, 2 nmol of substrate DNA, 20 mM 
Tris-HCl, pH 7 5, 25 mM MgCl., 20 mM NaCl, 0 1 mM EDTA, 
2mM dithiothreitol, 2 mM ATP, 15 pug bovine serum albumin, 
2 ug SSB protein and enzyme to be tested Incubation was for 
30 min at 37°C The reaction was stopped by the addition of EDTA 
to 25 mM and SDS to 1% and, after dilution with 0 2 M NaC] to 
200 yl, the mixture was sedimented through 5 ml of 5-20% neutral 
sucrose (10 mM Tris-HCl, pH 75, 1MNaCl, 10mM EDTA) 
Sedimentation was carried out in a Beckman SW 50 1 rotor at 
45,000 rpm and 20°C for 135 min Fractions collected from the 
gradients were counted for radioactivity in Formula 963 sen- 

tillation fluid (NEN) O, P, x10, @, H, x 1074 


strate DNA (Fig 2c) ın the presence of 40 ug of recA protein, 
treated the products with SDS and filtered them through nitro- 
cellulose The filters retained ~20% of the duplex DNA (Table 
1, experiment 1) In control reactions done in the absence of any 
proteins or with SSB protein alone, a background of 10% of the 
input duplex DNA was retained However, in the presence of 
both 40 wg of recA protein and 2 ug of SSB protein, almost 40% 
was retained These results show that recA protein forms joint 
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molecules from the annealed substrate and form I DNA ın 
conditions in which strand separation was not detected As in 
other pairing reactions promoted by recA protein, ATP and 
Mg** were required 

The requirement for homology between molecules was also 
demonstrated with the filter binding assay Joint molecules were 
not detected when the annealed substrate DNA and non- 
homologous *H-labelled form I plasmid DNA were incubated 
with recA and SSB proteins (Table 1, experiment 2) We also 
investigated whether single-stranded circular ®X174 DNA, 
without the annealed fragment, could pair with intact circular 
duplex DNA (Fig 2d) Experiments 3 and 4 ın Table 1 show that 
incubation of single-stranded ®X174 DNA with either **P- 
labelled form I ®X174 or *H-labelled form I plasmid DNA (Fig 
2d) ın the presence of recA and SSB proteins did not lead to 
retention of the duplex DNA This shows that the partially 
single-stranded and partially duplex character of the substrate 1s 
needed for the formation of joint molecules 

What 1s the nature of the joint between the two molecules? A 
joint molecule could be formed by the transfer of one end of the 
annealed fragment to the duplex The mechanism responsible 
for such a reaction might sometimes transfer the entire short 
fragment and so produce a D-loop which would be detected as a 
joint molecule ın the filter binding assay To investigate whether 
the observed binding of the form I DNA was due to the transfer 
of the *H-labelled fragment to the *7P-labelled duplex (to form a 
D-loop), the reaction was stopped at the end of incubation by 
the addition of 1 mM y-S-ATP and the form I DNA was cleaved 
into small fragments with Hael restriction enzyme After 
protein removal by treatment with protemnase K and SDS, the 
products were sedimented through neutral sucrose The *H- 
labelled fragments sedimented with the single-stranded circular 
DNA and none (<3%) was detected at the position of the 
*P.labelled restriction fragments which sedimented more 
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Fig.4 RecA protein does not inhibit helicase I]-catalysed strand 

separation The strand separation assay was the same as that 

described in Fig 3 legend The standard reaction mixture was used 

a, without enzyme, b, with helicase II, c, with helicase IJ and recA 
protein O, °*P,x 107, @, °H,x107 
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SlOhis experiment indicates that no detectable transfer of 
th&led fragments to the form I DNA occurred, and will be 
desl in greater detail elsewhere?’ 
esults ındıcate that recA and SSB proteins promote 
. the \tion of joint molecules between intact duplex DNA 
and llogous single-stranded molecules that contain a short 
duplion (Fig 2c) This pairing reaction occurred ın condi- 
tionSar to those used ın the assay for helicase activity 


Hongous pairing between gapped and 
intaqplexes 


Becausst models for genetic recombination’ >" assume that 
the firsys in homologous pairing involve strand unwinding 
and themation of a heteroduplex between the unwound 
strand the complementary strand of the homologous duplex 
- Fig 1ge looked for evidence that recA protein could 
Promotend separation 
Using Je-stranded circular DNA with an annealed frag- 
ment (Fig), we were unable to detect any helicase activity of 
recA pr Ol with or without the presence of SSB protein (Fig 
3) Furthare, homologous pairing does not seem to require 
extensive nd separation because treatment of gapped mole- 
cules Withoralen and light to produce a minimum of 1 
cross-link [50 base pairs did not inhibit the formation of joint 
molecules fowever, we found that recA protein, which ts 
known to piote homologous pairing between gapped circular 
and form INA?®??, was also able to induce homologous 
pairing betw form I DNA and ssDNA carrying an annealed 
fragment (FRc, Table 1), the yield being increased by SSB 
protein Althgh the fragment was only 392 nucleotides long, it 
was essential; pairing. 

In this reach, the joint molecules could be formed through 
the transfer of\e end of the fragment to the form I duplex while 
the other end mained bound to the single-stranded circle, thus 
linking the mobules asin Fig 1A However, it is difficult to see 
why the transr of a short fragment should stop before 
completion It} more likely that the transfer would go to 
completion andhe fragment be completely assimilated into the 
duplex, but no sth transfer was detected. If the reaction was not 
driven to comletion, the intermediate structure would 
presumably dissqiate through branch migration” 

Although we dd notdetect strand transfer from the annealed 
substrate when fam I DNA was added, we have found ın other 
reactions that recA pro ein promotes a strand exchange reaction 
if the form I DNA is replaced by blunt-ended duplex fragments 
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that are homologous to and overlap the ends of the annealed 
fragment? This exchange might take place by a reaction similar 
to that described for the formation of D-loops from single- 
stranded circular and linear duplex DNA***° 

How are these observations to be reconciled? We suggest that 
recA protein can process some DNA substrates via D-loop 
formation involving strand transfer, while it may process others 
by four-stranded complementary pairing (Fig 1B), perhaps 
similar to that proposed from studies with DNA models*! *, or 
by another mechanism involving three-stranded side-by-side 
pairing Complementary hydrogen bonding may occur between 
two duplexes without strand separation and involves a four- 
stranded helical structure with contacts in the major groove’? 
We attribute the formation of joint molecules between duplex 
and gapped circles, described here and ın recent papers”° ”’, to 
these latter mechanisms 

How does recA protein promote homologous pairing 
between two duplex molecules? The only structure known to 
cause exchanges with a high efficiency in intact cells is a duplex 
containing a post-replication gap” Purified recA protein binds 
cooperatively to single-stranded but not duplex DNA It also 
binds to gapped duplex DNA and shows high ATPase activity, 
almost as great as when bound to ssDNA??? To explain this we 
suggest that it binds imitially at the gap and spreads along the 
adjacent duplex (Fig 1B, I), forming a bound state which may be 
transient as ATP 1s being hydrolysed Homologous pairing can 
take place in conditions in which the DNA 1s loaded with recA 
protein The initial nonspecific contact between gapped and 
intact molecules (Fig 1B, II) presumably leads to a search for 
homology and the formation of jomt molecules with the base 
sequences aligned (see XYZ in Fig. 1B, III). Once homologous 
contacts are made, the DNA molecules are held together by 
hydrogen bonds which seem to be stable, even when depro- 
teinized with SDS and proteinase K but are, however, alkali 
labile?’ 

The joint molecules formed by homologous pairing may then 
be acted on by the cutting in trans enzymes” “*, opening the way 
for strand exchanges***° and formation of recombinants. Future 
work will determine the validity of this proposal for homologous 
pairing, the details of the structures involved ın the joint mole- 
cules, and the way ın which they are cut and joined to produce 
recombinants 
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Emission in the Lyman bands of H, has been detected in an 
extreme ultraviolet (EUV) spectrum of T Tauri and its adjacent 
nebula, obtained with the international UV explorer (IUE) 
satellite. We report here that the emission is in a progression 
which can be excited through fluorescence with the red wing of 
the H Lya line, as found also in the solar atmosphere’. The 
observed EUV fluxes, absence of other progressions and the flux 
in the previously observed’ 1-0 $(1) IR line support a mode! 
where collisional rather than radiative excitation leads to an 
excitation temperature of = 2,000 K. 

T Tau ıs a pre-main-sequence star, with a photospheric 
absorption spectrum consistent with a spectral type of KO or K1 
according to Kuhi? It 1s embedded in nebulosity, from which 
characteristic low-excitation lines are observed in the visible 
region of the spectrum* Emission from the v” = 1-0 S(1) line of 
molecular hydrogen at 2 12 um has also been detected”, or- 
ginating from a.region ~5 arc sin extent centred on the star The 
distance? to T Tau 1s ~160 pc 

We observed T Tau on 4 November 1980 with the IUE 
satellite, from the ESA IUE ground station at Villafranca, 
Madrid A short wavelength region (1,200-2,000 A) spectrum 
was obtained at low spectral resolution (AA ~6A) with an 
exposure time of 372 min, using the large (21 x9 5 arcs) aper- 
ture The spectrum shows emission from both the star and 
nearby nebulosity which extends to the south A long 
wavelength region (2,000-3,200 A) spectrum was obtained at 
high spectral resolution (AA ~ 0 2 A) with an exposure time of 
176 min, also using the large aperture Only the stellar emission 
lines of Mg II (multiplet 1) and Fe 1 (multiplet 1) are well 
exposed, many weak emission features are just detectable 

Figure 1 shows tracings through the short-wavelength spec- 
trum of the star and nebulosity Figure 2 shows the profiles of the 
stellar Mg 11 lines The short wavelength spectra have been 
extracted from the GPHOT image by procedures discussed 
elsewhere’, and making use of the Rutherford—Appleton 
Laboratory IBM 360/195 computer The long-wavelength 
spectrum is as provided by the IUE VILSPA processing system 

The strongest features in the short-wavelength spectrum may 
be attributed to transitions in O I, C 1, C IV, S1 0, S1 I and Cm 





Table 1 Lines of H3 observed ın T Tau 





À Flux at Earth Proposed À lab? 
(A) (ergem 2s) v v” identification (Å) 
1,258 <42x107"4 1 3 R(3) 1,257 80 
1272 86x107 P(5) 1,271 93 
1,431 10x107” 1 6 R(3) 1,431 01 
1,446 14x107! P(5) 1,446 13 
1,490 18x107" 1 7 R(3) 1,489 57 
1,505 23x107! P(5) 1,504 79 
1,547 36x107" 1 8  R(3)+CIV 1,54735 
1,562 17x107" P(5)+CI 1,562 41 
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commonly observed ın the EUV spectra of late-type stars? +4» 
of these have been observed previously ın a shorter expo’ 
T Tau 6 and also in the T Tauri-type stars R U Lup” ar 
Aur 

In addition to these lines, emission features of lower 1/Y 
are observed at the wavelengths listed in Table 1 Thesehe 
only lines which can be positively detected in the spectruthe 
nebulosity We identify the lines listed ın Table 1 as trans 19 
the Lyman bands of H} These particular lines haĉen 
observed previously in the EUV spectrum of a sunspod it 
would be difficult to make a positive identification of MS- 
sion without this prior knowledge The observed waigths 
correspond to those of the strongest H, hnes seen inS0lat 
spectrum, namely the P(5) and R(3) transitions in th” 1 to 
v” = 3,6, 7 and 8 bands The laboratory wavelengthsable 1 
are taken from ref 9 The 1-4 and 1-5 bands should leaker, 
according to the calculated transition probabilities?° he Sun 
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Fig. 1 Low resolution spectrum of T Tai in,tle region 1,200- 
1,600 A In addition to the common speciesindicated, the P(5) and 
R(3) lines of Hz 1n the v' = 1 to v” =3, 6, 7 and 8 are observed The 
upper spectrum originates in the star plus nebula in the hne of sight 
The lower spectrum originates in the adjacent nebulosity, and 1s 
plotted on a scale lower by 05x 107“ erg cm? s7 AT 


the lines are due to fluorescent emission from the upper level 
v' = 1, J'=4, whichis excited through the o" =2,J"” =5tov’=1, 
J'=4 transition, which lies ~26cm™ to the red of the rest 
wavelength (1,215 67 A) of the atomicH Ly a line We propose 
that the same excitation process 1s occurring in the region 
around T Tau The listed fluxes include the line of sight plus the 
adjacent nebulosity, the latter contributing about 30% of the 
total (It is not possible to distinguish between stellar and 
nebular emission 1n the line of sight ) 

The presence of this emission ın the absence of a strong UV 
continuum has important implications for the excitation of Hz 
molecule in such regions For the observed fluorescent route to 
be effective, a substantial population of H, must reside in the 
excited v”=2, J”=5 level It has been proposed that shock 
heating in addition to excitation by UV radiation is required to 
account for the intensities of lines of H2, both around T Tau '**’? 
andın the Orion nebula 7" Detection of the S(1) 2 12-m line 
alone? did not allow shock excitation to be distinguished from 
excitation by a strong EUV continuum’? The new EUV 
observations favour a collisional excitation model, probably 
associated with shock heating The likely relevance of H Lya 
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fluorescence in regions where excited H, exists has already been 
pointed out’?7°, 

The H Lya emission visible in the IUE spectrum is due mainly 
to geocoronal emission, and high resolution spectra will be 
required to investigate the stellar component. However, the 
Mg 1 lines shown in Fig. 2 give some idea of the shape of the line 
profile. These lines show strong emission, with the centre of this 
emission shifted by 50 km s™° to the red of the strong interstellar 
absorption feature which in this direction should itself be 
redshifted by ~ 10-20 km s™". As the star has a radial velocity” 
of only 22 km s~}, and the width of the Mg 11 emission at the star 
will be at least the value of 120 kms’ observed at the Earth, it 
can be argued that substantial flux should exist in the red wing of 
the H Lya line, in particular at 1,216.05 A, the wavelength at 
which fluorescent excitation takes place. An estimate of the H 
Lyq@ flux in the relevant wavelength range can be made by 
scaling from the Mg I flux, which is typically a factor of ~4.5 
larger than H Lya in a variety of late-type stars’. This gives a 
flux of ~10°ergcem™*s~' in the equivalent part of the H Lya 
line. 

Provided all transitions from v'= 1, J'= 4 are optically thin, 
the measured flux in the P(5) line at 1,505 A can be used in 
conjunction with the expression for the emissivity given by 
Jordan et al. to give 


| NO, 5). av~3.0% 10% (1) 


where N(2, 5) is the population density (cm~*) in the level from 
which excitation takes place, I, is the intensity of the H Lya 
radiation field (erg cm™’ 5‘ st} Hz’) at the nebula. Allowing 
for a geometric dilution factor in a medium optically thin to H 
Lya, I, can be related to /*, the intensity at the star. Then 


I, ~1.0x107/R? (2) 


where R (cm) is the distance at which absorption by H, takes 
place. 

The observed relative intensities of the transitions to v" =3 
and 6 or 7 suggest that the lines to v” = 3 are marginally optically 
thick. However, even if the transitions to v” <3 are optically 
thick, a probability of escape argument for lines from a common 
upper level shows that the enhancement of the optically thin 
transitions is only a factor of 1.7. In view of the larger uncertain- 
ties this correction has not been applied. 

The IR observations show that the H} emission originates 
from a region around the star of ~5 arc s (1.2 x 10'° cm) in total 
extent. The spatial distribution in the optical region and in our 
EUV spectrum is asymmetric and less than 10 arcs in extent. 
We adopt an emitting volume F47R° dl, where F is some 
fraction of the spherical shell of radius R. The column density in 
the 2, 5 level is then 


1 5 
| N(2, 5) dl ~F 24x105 cm” (3) 


Similarly the observed flux in the S(1) transition and transition 
probability”? can be used to give 


1 
R? | NG, 3)dl ~> 2.2 x10% (4) 


Equations (3) and (4) then give N (2, 5)/ N (1, 3) as a function of 
R, assuming that the emitting volumes are the same. The value 





Table 2 Parameters of the emitting region as a function of Texe 





T.. R fA (F) dl N(H3) M beset 
(K) (0'*cm) (em~?) (cm~?) (da (kms) 
1,000 0.38  22.0x107! 253x10° 56x10% <21 
1,500 0.91 25.7x10'% 26.3x10* 99x107 <22 
2,000 2.10 249x108 223x107 44x107 <32 
>7.9x10'7 >2.2x10° 20x107 <51 


3,000 3.60 
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Fig. 2 High resolution spectrum of the Mg H resonance lines in 
T Tau. The arrows mark the rest wavelength at the star. Narrow 
interstellar lines appear in broad asymmetric stellar lines. 


of the excitation temperature, Tex» required to give this popu- 


lation ratio may then be found. 


Table 2 gives values of R, the radius of the shell, for tempera- 
tures between 1,000 and 3,000 K. These are somewhat smaller 
than the value of 6 x 10'* cm found from the IR observations, A 
larger flux in the stellar H Lya emission would result in a larger 
value of R. Even allowing for an.order of magnitude under- 
estimation of [* would lead to Tax: = 1,500 K. 

A further estimate of Tex: can be made by using the observed 
upper limit to the flux at 1,365.7 A, where the strongest member 
of the P(1) progression, which can be excited by H Lyg, should 
occur’, The ratio of the flux at 1,365.7 A to that in the 1,505 A 
line gives 


N(2,5)/N(0, 1) 22x I(LyB)/I(Lya). 
Using I(Ly8)/I(Lya)~ 107’, as in the Sun, results in Tex > 
OK. 


The mass column density (from equation (3) with F <1), 
emitting mass and lower limits to N(H2) for a filled shell, are also 
given in Table 2. These mass column densities are consistent 
with lines to v” <3 being optically thick. Solutions with Tex: © 
1,000 K are excluded by the upper limit imposed by known‘ 
visual extinction to the star and nebula. 

Finally we may compare the results of Beckwith et al.” who 
adopted Kwan’s model’* for excitation by a low velocity shock 
and subsequent emission through the 1-0 S(1) line. With Usnock ~ 
15 km s™ they find N(H2)~ 2x 10* cm™*. Adopting recent cal- 
culations of dissociation speeds**, the upper limits to the shock 
velocity can be found as a function of N(H2) and are given in 
Table 2. In the absence of a strong EUV continuum it would be 
difficult to destroy the H, once formed. 

We conclude that the EUV observations are consistent with a 
model where H, is at an excitation temperature of 22,000 K, 
and that the basic excitation mechanism is collisional rather than 
radiative. 
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Surveys of the Large Magellanic Cloud (LMC), the closest 
satellite galaxy to our Solar System, for water vapour sources of 
measurable intensity have so far yielded negative results. These 
searches, by Johnston e¢ al.’ and Kaufmann et al.’, with detec- 
tion limits of about 150 and 20 Jy (1 Jy = 10” Wm” Hz”), 
respectively, suggest that any water vapour masers that exist in 
the LMC are much weaker than the sources recognized in our 
own Galaxy and in several more distant galaxies’ *. We now 
report the results of a survey using the 45-ft Itapetinga radio 
telescope which shows the presence of a water vapour maser in 
the N159 region of the LMC. 

The survey was carried out in 1979-80. Upper detection 
limits of about 1.2 Jy were attained with the use of long integra- 
tion times and a maser amplifier front-end, the total system 
temperature ranging from 250 to 400 K. Spectral information 
was provided by a 47-channel spectrometer, 100-kHz 
bandwidth filter bank, giving a velocity resolution of 1.35 km 
s`}, Two vertically polarized feed horns were used in beam- 
switching the on-off observing mode. Each independent obser- 
vation was taken with 30 min integration. We selected obser- 
vations made in good weather conditions and our data were 
corrected for atmospheric attenuation effects by assuming an 
average atmospheric optical depth of 0.2. The data were also 
corrected for random attenuation and elevation gain depen- 
dence. 

We concentrated our search for the J = 6,,—5., transition of 
the water maser line (f = 22235.08 MHz) in two of the strongest 
H(i) regions in the LMC°—N157 (ref. 7, 30 Doradus) and 
N159—and in two dark nebulae*—Hodge 47 and Hodge 52. 
Huggins er al.” studied these four regions in their carbon 
monoxide survey. 
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Water vapour emission was detected in only one of these four 
positions, N159, and its spectrum is shown in Fig. 1. It presents 
two components, one 8 km s~' wide with a narrow feature of 
7.2 Jy at 233.6 kms", and the other with a feature of 3.2 Jy at 
213.9 km s™. 

It is interesting that the water maser we discovered in N159 
coincides with the lowest colour temperature far-IR source 
detected by Werner et al.” in the LMC—30 Doradus—which is 
also the strongest source. A large CO cloud, 24 pe in diameter, 
was found in this direction’. Other molecules such as H»CO (ref. 
11), OH (ref. 12) and CO (ref. 9), have been discovered at this 
position in the LMC, with velocities almost coincidental with the 
HO velocity. 

Regarding the intensity of this maser, it would be a strong 
source of 8 x 10° Jy if placed at the distance of the Orion Nebula, 
but when compared with the W49 masers, it is much weaker in 
terms of total luminosity’. | 

A negative result was obtained for the 30 Doradus nebula, 
probably due to the fact that its core contains a large number of 
young OB stars’ responsible for the ionization of the molecules. 


220 240 280 
Velocity (km s~ +) 


Fig. 1 Water vapour spectrum of N159 (RA 05h 40 min 24s 
DEC, ~69°46'0,1950.0). The main feature appears at 233.6 km 
s ' with respect to the Local Standard of Rest. 


Hence, one should search for water farther away from its 
nucieus. Hodge 47 and 52 also showed no line emission. 

Our search for water masers in the direction of the Large and 
the Small Clouds will continue, and we hope that the results 
improve our knowledge not only of masers but also of our closest 
irregular Magellanic-type galaxies. 

This research resulted from a Brazil-US bilateral scientific 
agreement through the national agencies CNPq and NSF, 
respectively. The maser receiver was developed at Haystack 
Observatory under the direction of Dr S. H. Zisk. Partial 
support was received from Brazilian science agencies FINEP 
and FAPESP. 
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Discrete chorus emissions observed for the first time at the low 
latitude ground station Bichpuri, Agra (geomagnetic lat. 
17°12’ N, L~1.1) are reported here. The emissions are of the 
riser type and occurred in the narrow frequency range 1.7- 
3kHz. We show that these emissions are generated in the 
equatorial plane near L = 1.2 as a result of cyclotron resonance 
between whistler mode waves and the inner radiation belt 
relativistic electrons of energy 3-5 MeV, and propagated to the 
low latitude ground station under the influence of the horizontal 
density gradients of the equatorial anomaly. 

Using conventional equipment consisting of an antenna, 
transistorized pre and main amplifiers and a magnetic tape 
recorder, we started routine observations of whistlers at a low 
latitude ground station of Bichpuri between January 1979 and 
July 1979. Bichpuri is in a noise-free rural area ~11 km west of 
Agra. The observations were made at night (18.00-06.00 h LT) 
during the first 10 min of every hour, but, the duration of the 
recording was increased whenever the whistler activity was 
found to be high. On 12 January 1979, which was a magnetically 
quiet day (Kpma = 3), we observed nine discrete rising emissions 
between 19.25 and 20.40 h LT. Some of these emissions, shown 


in Fig. 1, occurred in a narrow frequency range between 1.7 and 


3 kHz with the rate of change of frequency with time (df/dt) 
between 2 and 3kHzs™'. The 10 ms structure in the spectra of 
these emissions is due to the instrument. Such structures (time 
interval ~1.5s) have also been observed in high latitude 
periodic emissions reported by Helliwell’ (Fig. 7.21). Figure la, 
where two rising emissions are shown, consisted of four emis- 
sions; the other two occurred somewhat later. However, all four 
emissions are shown on a different frequency-time record in Fig. 
2. An interesting feature of these emissions is that the time 
interval between the consecutive emissions is approximately ina 
geometrical progression. Further, the frequency ranges of first 


Fig. 1 Discrete chorus 
emissions observed at the 
low latitude ground sta- 
tion of Bichpuri. a, 19.27 
IST; b, 19.54 IST; c, 19.48 
IST; d, 19.53 IST. 
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and third emissions are slightly different from those of the ofher 
two emissions. 

Hitherto, discrete chorus emissions have been observed only 
at middle and high latitude ground stations. The lowest latitude 
ground station where such emissions were received is Chil- 
bolton’, Hampshire, UK (geomagnetic lat. 49.8°N, L = 2.4), 
The emissions observed by us could not have been caused by a 
fault in the equipment because several whistlers, with dis- 
persions in the range 19~35 s'” were also observed by the same 
equipment. As these riser emissions differ markedly in 
frequency and df/d¢ from those of the riser whistlers observed 
earlier at the low latitude ground station of Gulmarg’ (geomag- 
netic lat. 24°10’ N), the possibility that these emissions are also 
riser whistlers is ruled out. Further, the possibility that these 
emissions are high latitude discrete chorus emissions which have 
propagated to our low latitude ground station in the Earth- 
ionosphere wave-guide mode of propagation’ is also ruled out 
because there is a strong absorption band in the frequency range 
2~5 kHz. The possibility that these emissions are generated at 
high L-values in the vicinity of the plasmapause and propagated 
to our ground station after successive magnetospheric 
reflections in a manner similar to those of the ELF hiss observed 
by satellites in the inner zone*” does not seem to be tenable. This 
is because, at the frequency of these emissions, the attenuation 
losses during various magnetospheric reflections would be high 
and the waves could not be detected on the ground. Although 
the exact losses have not been calculated, a rough estimate can 
be made from the work of Kimura®. He has shown from ray 
tracing computations in a model ionosphere that the amount of 
attenuation suffered by the waves of frequency 1 kHz from 
300 km at 30°N reaching L = 3 after 12 successive reflections is 
~6 dB. If we include ~4 dB of losses suffered in the lower region 
of the ionosphere, then the total loss will be ~10 dB. To reach 
the plasmapause near L = 4, the waves have to undergo some 
more reflections and consequently suffer more attenuation than 
10 dB. As the attenuation increases with frequency, the waves of 
the chorus emissions generated near the plasmapause would 
suffer much higher attenuation than 10dB and may not be 
observed on the ground. Further, at the base of the F-region 
ionosphere, the wave normal angles of these waves are such that 
the downward waves are unlikely to penetrate the lower ion- 
osphere and reach the ground. 
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Fig.2 Risers with time interval increasing in geometrical progression. 


Thus we believe that these emissions are generated in the 
equatorial plane in the inner zone radiation belt (1 ~ 1.2). 
Cyclotron resonance between whistler mode waves and the 
inner zone radiation belt electrons seems to be the possible 
generation mechanism for two reasons: (1) this mechanism has 
been found to account for the frequency-time spectra of middle 
and high latitude discrete chorus emissions adequately’; and (2) 
it also occurs in the inner radiation belt’. Below L = 1.2 electron 
losses are dominated by atmospheric scattering”? resulting in 
the small life time and density of the energetic electrons and 
hence the emissions observed by us cannot be generated at the 
top of the field line corresponding to Bichpuri. These emissions 
cannot be generated at L-values >1.2 for the reasons to be 
stated later. To test the cyclotron resonance as the possible 
generation mechanism for these emissions, we calculated the 
resonant energy of the involved electrons and growth rates at 
L=1.2 in the equatorial plane. The resonant energies for 
various frequencies of the emissions were calculated from the 
expression’. 


Ey, =(y,—1)moc’ (1) 


in which mo is the rest mass of electron, c, the velocity of light in 
vacuum and y,, the relativistic factor to be obtained from the 


relation” 
Ot) o 
Op! \w w 


where 1) is the electron gyrofrequency, Q”, the proton gyro- 
frequency, wp, the plasma frequency and w, the wave frequency. 
The plasma frequency w, was calculated from the ionospheric 
model of Singh’ which yielded an electron density of 8.13 x 10° 
electrons cm”? at L = 1.2. The calculated resonant energies, of 
the order of 3~5 MeV, are shown in Fig. 3a. For calculating the 
growth rate we followed expression (2.20) of Kennel and Pet- 
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Fig.3 a, The computed resonant energies at L = 1.2. b, Ray path 

for the frequency of 3 kHz. Ay and A, are the initial and final wave 

normal angles (angles between the wave normal and the vertical, 
measured from the vertical, positive in a clockwise direction). 


schek’°, which, for the case w « Ñ, reduces to 
y=rQnA (3) 


where 7 is the ratio of the density of energetic electrons to that 
of thermal electrons and A, the pitch angle anisotropy. To 
obtain the density of energetic electrons at L = 1.2 we consi- 
dered observed intensity versus L-value curves (energy 
>1 MeV) given by Katz’' for the inner zone radiation belt. The 
curve indicated a flux of 310° electrons cm”? sr s~? at L = 
1.2 which yielded a density of 3-5 MeV electrons ~1.26 x 
107° electrons cm~*, A was calculated from the relation’? A = 
$/loge(azs) (ao being the equatorial loss cone angle, mirror 
height = 100 km) and found to be 2.08 which is approximately 
the same as calculated by Ashour-Abdalla’? at L=1.2 (P= 
250). If we assume a pitch angle distribution of the form sind 
(m =4, and @ is the pitch angle) and compare the calculated 
pitch angle versus intensity curve with that of Katz'', thc two 
distributions are found to be nearly the same. Thus the value of 
the anisotropy A = 2.08 at L = 1.2 is justified. By substituting 
the values of Q, n and A in equation (3), the growth rates for 
various frequencies of the emissions were calculated and found 
to be ~3rads™’. This result indicates significant wave 
amplification. 

Now we consider how the chorus emissions were propagated 
to our low latitude ground station. Suitable ducts do not exist in 
the low latitude ionosphere and non-ducted waves are not 
observed on the ground. However, Bullough ef al. have 
reported the observation of VLF and ELF emissions in the Ariel 
3/4 satellites inside the equatorial anomaly region. The equa- 
torial anomaly is a well-established afternoon-evening 
phenomenon. Thus it is possible that the low latitude chorus 
emissions were propagated to our ground station under the 
influence of the diminishing phase of the equaotiral anomaly. To 
verify this we calculated ray’paths for the frequencies of the 
chorus emissions from L=1.2 to the base of the F-region 
ionosphere (120 km) in an ionospheric model representing the 
diminishing phase of the equatorial anomaly. The diminishing 
phase of the anomaly was assumed to have a constant electron 
density distribution within +5° of the equator instead of a trough 
at the equator. This distribution was obtained from the model 
N = N.o exp a (sinf — 8) of Singh? where the value of a was 
taken to be 11 for the negative horizontal density gradient 
between 22° and 5° and zero for no ionization variation between 
5° and the equator. The ray paths computed for the frequencies 
of the observed chorus with the initial wave normals along the 
geomagnetic field line at the equator (Ay = ~90°) arrived within 
18.5° and 19° latitudes at 120 km, with the final wave normals 
almost vertically downward (A; =~ 178°) indicating that the cor- 
responding waves would penetrate the lower ionosphere and be 
observed on the ground. One of the ray paths for the frequency 
of 3 kHz is shown in Fig. 34. The ray paths computed from 
higher L-values of 1.24 and 1.47 arrived at 24° and 45° latitudes 
respectively with the wave normals not vertically downward. 
Such waves would not be observed on the ground. Thus the 
observed chorus emissions were generated at L=1.2 and 
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propagated to the ground station under the influence of the 
favourable density gradients of the equatorial anomaly. The 
growth of these emissions at 1.7 kHz is due to the resonance 
between the energetic electrons and whistler mode waves of 
frequency lower than 1.7 kHz and termination of emissions at 
~3 kHz is due to the absorption by the thermal background 
plasma in the interaction region’*. The detailed mechanism in 
which the four emissions of Fig. 2 were generated with two of 
them having different upper and lower cutoff frequencies is 
under investigation and the result will be published elsewhere. 

The occurrence of natural whistlers and emissions is a rare 
phenomenon at our ground station. During the 7 months of 
observation, we recorded whistlers on four occassions and 
emissions On one occasion only. The rare occurrence is believed 
to be due to non-availability of suitable ducts in the low latitude 
ionosphere. The emissions observed on 12 January 1979 
between 19.25 and 20.40 h LT are due to fortuitous presence of 
favourable density gradients of the equatorial anomaly in the 
low latitude ionosphere. These emissions, although received 
only once at our ground station, indicate their origin in cyclotron 
resonance at low L-values in the ionosphere. Unfortunately, 
satellite data on inner zone electrons corresponding to the 
period during which the emissions were observed are not avail- 
able to confirm the result. However, more data on these emis- 
sions and simultaneous satellite data on energetic electrons 
would be useful for studying the pitch angle scattering and 
precipitation of energetic particles as a result of cyclotron 
resonance at low L-shells. We have therefore continued the 
observations of these emissions in our ground station. 

We thank Dr D. L. Carpenter for valuable suggestions and Dr 
S. S. Agrawal for help with the sonagraph. 
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To account for the level of damage observed following 
unconfined vapour cloud explosions of the kind that occurred at 
Flixborough in 1974, flame speeds of the order 10% m s™* have 
had to be postulated'*. Detonations (in which reaction is initi- 
ated by adiabatic compression in a shock wave) are not thought 
to be involved, whilst deflagrations (in which molecular and 
turbulent transport processes from the flame bring the reactants 
to a state of rapid reaction) do not seem capable of producing 
sufficiently high velocities. We suggest here that radiation froma 
large enough body of burnt products could be sufficient to 
produce multi-point initiation ahead of the flame by igniting 
particles, especially those consisting of loose aggregates of fine 
fibres. Although we thought initially that the hazard would 
chiefly be due to particles of flammable materials, such as cotton 
waste and other ‘fluffy’ aggregates of cellulosic substances, we 
show below that non-flammable materials are also hazardous. 
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Fig.1 Minimum ignition times for propane~air (~3.8% propane) 
ignition by Kaowool (©) and cotton wool particles (CL). 


Whilst the emissivities of combustion products are very small 
at optical path lengths encountered in normal practice, they 
become appreciable for the very large clouds of burnt and 
burning gases characteristic of vapour cloud explosions, The 
black-body radiation corresponding to stoichiometric flame 
temperatures is of the order of 1 MW m°. In view of the 
difficulties of arranging and monitoring large scale explosions of 
premixed reactants, existing measurements have generally been 
confined to large experimental fires**, usually burning pools of 
liquid fuels (see, however, ref. 5). These are diffusion flames in 
which burning does not occur uniformly throughout the gas but 
is confined to a relatively thin peripheral layer. Radiation fluxes 
measured near such flames are of the order of 100-200 kW m™. 

It is easy to show that quite sporadic ignitions ahead of the 
main front would yield a sufficiently enhanced flame speed. 
Defining flame speed in terms of the rate of consumption of a 
given volume of reactants—which also defines the increased rate 
of generating volume of hot products—multiple ignitions 
increase total flame area and decrease the distance each flame 
front has to cover to complete burn-out. From simple 
geometrical considerations the ‘magnification’ of the apparent 
flame speed resulting from multiple ignitions, separated by 
distance x across a cloud of linear dimension X, is approximately 
2X/x times the normal propagation rate, and this does not take 
into account additional effects of turbulence. Note that the 
present hypothesis is not intended to supersede other possible 
mechanisms which have been postulated. We wish rather to 
draw attention to a very significant additional effect which must 
be taken into account if it occurs at all. 

A few order-of-magnitude calculations were carried out on 
the likely rates of temperature rise of particles subjected to such 
radiation, to check whether the concept was reasonable. Using a 
mass/irradiated area ratio of 0.02 kgm and a specific heat 
capacity of 1.7 kJ kg K™ (typical for cellulosic materials) rates 
of temperature rise of the order 10*-10° Ks‘ are obtained. 
Typical auto-ignition temperatures would, therefore, be expec- 
ted to be reached in 1077-107" s. Moreover, there are likely to 
be cooperative effects between flammable mixture and heated 
particle as regards the ignition criterion: the ignition tempera- 
ture or ignition energy may be considerably lower for a combus- 
tible particle in a flammable mixture than that for either a 
combustible particle in air or for an inert particle in a combusti- 
ble mixture. It therefore seems reasonable that the available 
radiation flux could raise the temperature of a particle, irres- 
pective of its size (that is, over dimensions larger than the 
quenching distance) to a reasonable ignition temperature in the 
time during which a sufficient radiation source persists. 

The short duration of the ignition time lag means that it 1s the 
prowth of the initial radiation source to a size giving sufficient 
emissivity that is likely to take the longest time. Thereafter 
ignition of all the centres irradiated at the same flux may be 
virtually simultaneous, irrespective of the time lag affecting each 
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Fig. 2 Effect of gas mixture composition on minimum ignition 
times (fux=350 kW m°) of Kaowool (©) and cotton wool 
particles (J). 


of them. Due to the attenuation of radiation with distance, such 
initiation will, however, occur progressively ahead of the 
advancing flame front. The over pressures generated will 
depend on this rate of progression but the contribution of 
radiation ignition will not fall to zero until the propagation rate is 
so fast that the ignition lag, integrated over the range of radia- 
tion fluxes ahead of the front, remains incomplete by the time 
the front reaches the particle. 

To study the concept, various particles were irradiated in a 
flammable atmosphere by a small continuous-wave CO, laser 
constructed in these laboratories with a nominal power of 20 W. 
The distribution of radiation flux across the beam was deter- 
mined calorimetrically and peaked at 400 kW m”™. The irradi- 
ated particles were suspended on quartz fibres above a burner 
mouth discharging pre-mixed propane—air in various propor- 
tions, metered by rotameters. The time to ignition was measured 
as a function of radiation flux and mixture strength for each type 
of particle. The onset of ignition was monitored by means of an 
ionization probe connected to an oscilloscope. Synchronization 
of particle irradiation with the start of the time measurement 
was achieved by placing a steel shutter in the laser beam and 
connecting this to the trigger input of the oscilloscope. Some 
results are shown in Figs 1 and 2. 

As might be expected the dependence of the results on the 
form of aggregate of the particles is more complex than simple 
theory suggests. For compact aggregates such as small pieces of 
paper, charring occurs without producing ignition in our 
experimental conditions. However, loose aggregates of fine 
fibres, such as cotton wool, will ignite in a small fraction of a 
second at a radiation flux <10% of that corresponding to the 
black-body radiation at stoichiometric flame temperatures (see 
Fig. 1) and well within the range of values measured near large 
fires. Note that non-flammable materials in this form of aggre- 
gate, such as the refractory ‘Kaowool’ produce ignition at least 
as readily (in fact in less time—see Fig. 2). 

Presumably the effectiveness of such particles in producing 
ignition is due to their low heat capacity for a given volume and 
area irradiated. The mechanism is now being studied in greater 
detail. In this context, note that the fibre diameters of Kaowool 
and cotton wool are 5 um and 20 um respectively. It also seems 
that the evolution of blanketing vapour from the fibres must be 
considered in parallel with the rise of temperature in time. Thus 
it seems likely that the rich limit of ignitable compositions of the 
mixture is extended to the flammability limit in the case of 
Kaowool (see Fig. 2) because, unlike cotton wool, it does not 
evolve any flammable vapour. 

The conclusion that materials in this form of aggregate are 
readily ignited by levels of radiation flux corresponding to those 
measured in large experimental fires, seems to us of far-reaching 
importance. Note that the kind of aggregate most conducive to 
ignition by radiation is also the most likely to be raised by a blast 
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wave or convection current, due to its low free-fall velocity. If 
the hypothesis is correct, it suggests that the practical hazard 
may be alleviated, for example by spraying and thus retaining 
dangerous dusts on wetted surfaces. 

We thank Professor H. Gg. Wagner for introducing F.J.W. to 
this problem and for many helpful discussions, and Dr R. W. 
Dibble for building the CO, laser. 
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Nitrogen is the most important impurity found in natural 
diamonds, affecting properties as diverse as colour’ and thermal 
conductivity’. Consequently it is important to distinguish 
between the different molecular forms adopted by the nitrogen. 
Improved data for obtaining the relative concentrations of two 
of the most common molecular forms are now presented. These 
data are then applied to a set of diamonds taken from one source 
and it is confirmed that the relative concentrations of the 
different forms of the nitrogen are intimately related to each 
other. 

Most natural diamonds (perhaps 98% )° contain their nitrogen 
predominantly in the A molecular form, believed to be a pair of 
nearest neighbour substitutional atoms*, as well as in other 
aggregated forms. These other forms are the N, and Ny centres 
which may be identified by UV spectroscopy’, the B aggregates 
and the platelets. The platelets produce® a clearly resolved 
absorption peak at 1,370cm™ (7.3 um) as shown in Fig. 1. 
However, the A and B aggregates give overlapping absorption 
(Fig. 1). In the spectral region of Fig. 1, pure diamonds are 
essentially transparent. 

To separate the A and B spectra we can take the ratio 
m = 2(7.8)/ (8.5) of the absorption coefficients measured at 
7.8 um (1,280 cm™') and at the peak absorption near 8.5 wm 
(near 1,175 cm™’). From m we can obtain the ratio r = w>s/u?s 
of the absorption produced separately by the A and B aggre- 
gates at 7.8 um. Although existing data® relating m and r have 
been used’” these were based on a very few largely unsuitable 
diamonds and are slightly incorrect when r is large. For the 
present study diamonds were selected for good homogeneity, 
with large faces (about 3 x 5 mm’) and with optimum absorption 
strengths (giving minimum transmissions of about 40% of the 
incident light). It is now found that 


r=(2.7J2m-—1)/1-0.41m) whenm<1.5 
and i 
r= (1.88m—1)/(1-0.5m) 


(It is preferable to use two expressions, depending on the value 
of m, as the wavelength of the peak absorption near 8.5 um 
varies with the A to B admixture, as is obvious from Fig. 1.) 
Hence 


wre =e(7.8)r/(L+r); wPe=u(7.8)/t+r) (1) 


where (7.8) is the total absorption measured at 7.8 um. An 
alternative way to obtain r (for example in strongly absorbing 
diamonds) is to use the absorption ratio m' measured at 9.9 um 


when m>1.5 
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(1, 015cm™) and 9.1 um (1,100cm™), m’ = (9. 9)/ (9.1), 
giving 


r = (0.795 —1.164m')/(0.124m’ — 0.0333) _ 
and 
ws = w(9.1)r/(0.125r+ 1.164); 


a . (2) 

u78 = u(9.1)/(0.125r +1.164) 
Equations (1) and (2) are believed to give îs and u?g correct 
to +5% of the total absorption at 7.8m. 

As an application of these results we consider the relationship 
obtained by Brozel et al.” on the platelet A and B absorption in 
different diamonds. They worked with specimens taken from 
arbitrary sources. As the distribution is determined ther- 
modynamically’” we may obtain cleaner statistics by using 
specimens from one growth environment. Forty-seven 
diamonds from an eclogitic environment’! in the Premier Mine 
(South Africa) gave the relationship shown by the dots in Fig. 2 
for the variation of platelet absorption at 7.3 um divided by 
u (7.8) with the fraction of u (7.8) produced by the A aggregates. 
(All these quantities are measurable directly from the IR 
spectra. ) 

For 13's/(7.8) > 0.5 the data lie on a remarkably uniform 
trend with three times less scatter than reported by Brozel etal.’. 
However, for smaller values of this ratio the data deviate from 
Brozel’s curve’ (shown by the line.in Fig. 2 after transforming to 
the axes used here and adjusting the ordinate to allow for the 
arbitrary scale used in ref. 7). Supplementing the Premier 


7 8 9 10° 11 pm 





1,400 a 1,200 i 1,000 
` ’.Wavenumber (cm7!) 


Fig. 1 IR absorption spectra of diamonds containing pre- 
eno dominantly A and B aggregates. 
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Fig. 2 The variation of (platelet peak absorption divided by total 

7.8 um absorption) with the ratio r of the absorption at 7.8 pm 

produced separately by the A and B aggregates. Diamond A has a 

total 7.8 um absorption of u (7.8) = 0.5 cm 1 far lower than that of 

most of the other specimens, which had 5s ua: 8) = 50 cm™!. @, 

Diamonds from the Premier Mine; X ; random species. The line is 
taken from ref. 7 after transformation and scaling. 


diamonds with random specimens produces a scatter and not the 
unambiguous approach to the origin given by Brozel et al.’. 

The significance of these results is not limited solely to the 
somewhat esoteric relationships plotted in Fig. 2. It has been 
shown’?-’ that single substitutional nitrogen atoms are able to 
migrate through the diamond lattice at temperatures around 
1,800 K, apparently by a vacancy-enhanced diffusion process’* 
The immediate end product of the migration is self-trapping to 
form the A aggregate of nitrogen. Likewise the A aggregates 
may be broken into single atoms by heat treatment (for example, 
at 2,250K)’. The equilibrium established by the nitrogen 
between the single and the paired form depends on the 
temperatures experienced by the diamonds’’. The other aggre- 
gated forms of nitrogen mentioned above also take part in the 
equilibration process”’°. Viewed in this context, the relation- 
ships shown in Fig. 2 suggest that, in principle, the relative 
concentrations of nitrogen in a given diamond can be used to 
estimate the temperatures experienced by that diamond since its 
formation; the conditions prevailing at its formation can be 
determined from the nature of the inclusions trapped within it at 
the time of growth’’. As well as being of interest to the geologist, 
this approach is important to the gem industry because the 
restructuring of the nitrogen impurity by heat treatment can 
improve the colour of a diamond’’. 

I thank J. W. Harris for the Premier Mine diamonds, Z. E. 
Ciechanowska for running preliminary spectra and A. T. Collins 
for experimental advice. 
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magmatic argon in a glassy basalt 
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Basalts erupted in deep waters commonly chill sufficiently 
rapidly to form a glass outer skin. Due to the rapid chilling and 
the high hydrostatic pressures, magma-ambient gases and in 
particular the rare gases may be trapped within this glass’. 
Several theoretical investigations have examined the 
relationship of the trapped “Ar/**Ar ratio to the history 
of terrestrial degassing and formation of the atmosphere*"'. 
These measurements have not yet, however, answered the 
fundamental questions of whether the mantle “’Ar/**Ar ratio 
varies significantly either vertically within the Earth and/or from 
one geographic locality to another, or even whether a quan- 
titative estimate of the magmatic concentration and isotopic 
ratio at any given location is in fact obtainable. This report deals 
with the last of these questions. Our data indicate that the 
answer is in the affirmative. 

In any sample, the Ar actually measured will consist of 
unknown proportions of a trapped magmatic and a contaminat- 
ing atmospheric component, and it is possible that the trapped 
magmatic component may not be quantitatively retained in the 





C Ar)? (x 10%) 


Fig. 1 (*°Ar/*°Ar) measurea Plotted against @°Ar)”'. The data of 

refs 1, 13 and 14 were measured on glasses from the East Pacific 

Rise and the Vema Fracture Zone. The solid line shows the slope 

and extent of samples from a DSDP Cretaceous core taken from 

the southern end of the Bermuda Rise. @, Ref. 1; ©, ref. 13; x ref. 
14; C, ref. 15. 
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Table 1 Ar data measured in seamount P-50 (5°59'S, 98°09"W) 


Sample 36 Ar + Ar/ Ar 

no. Description (107! em? g7?) (1077 cm? g`’) 

1 0.68 g glass; mildly heated 0.3+0.1 275 

2 Above sample melted 2.05 8,370 

3 1+2 2.35 7,366 

4 0.4 g glass; mildly heated 0.99 295 

5 Above sample melted 1.54 11,300 

6 4+5 2.53 6,960 

7 1.2g glass; mildly heated 1.1 455 

& Above sample melted 1.85 8,890 

9 7+8 2.95 5,760 
10 Interior rock 4.3 1,570 
11 Interior rock 8.4 1,880 





glass. In what follows, “°Ar, and ““Ar,, denote atmospheric and 
the unknown mantle Ar, while m and a denote their ratios 
(Ar,,/*°Arm) and (*°Ar,/**Ar,) respectively, the former being, 
of course, unknown. Then’ 


fen Atm + Ar, 
36 Ar measured i Pt eidecuiea 
_ Atm + ("At measure ~ ATm) 
NAT ia 


(maY Arm 
= San fe OY 


36 
Ar measured 


(1) 


If, therefore, the measured *°Ar/**Ar plotted against (Ar) ' 
gives a straight line for a suite of samples, (m -ay Atm 
must be constant for those samples and the concentration 
and/or isotopic ratio of the trapped component may then be 
obtainable. Of two early sets of data, one'’*’* gave two 
reasonably straight lines while the other’ showed only random 
scatter. A later set of data from a DSDP core gave an excellent 
straight-line fit’®. These data are summarized in Fig. 1. Recently 
Dymond et al.” combined these data with their own unpub- 
lished data and concluded that they show merely random scatter 
below the upper-limit envelope (Fig. 1a); such behaviour would 
indicate post-eruptive diffusive loss from the glassy basalts and 
limit the retrievable information to only a lower limit of the 
product (m — a Y®°ATm. 

It is important to determine whether samples exist which have 
quantitatively trapped the magmatic Ar without such 
subsequent diffusive loss, so that reliable estimates of the 
concentration and isotopic ratio may be determinable in prin- 
ciple and so that the search for vertical and/or lateral differences 
may be profitably pursued. These data on several deter- 
minations of Ar concentrations from one dredge haul, seamount 


_ P-50 from the south-east Pacific, (previously described’) fit the 


straight-line relationship of equation (1) and thus indicate 
quantitative retention of the trapped Ar. It is important that this 
contention refers to the magmatic gases present in the lava as it 
erupts onto the surface of the Earth. Processes of elemental 
fractionation’? or vesiculation’? preceding eruption might 
enhance or deplete the elemental concentrations in the glass 
phase, but would not affect the isotopic ratios. 

The data of Table 1 were obtained using a stainless-steel 
Reynolds-type rare gas mass spectrometer by a process similar 
to that described in ref. 20. The samples were chips taken from 
the glass crust of a single basalt flow. Blank levels were ~2 x 
107"! cm? for *°Ar; accuracy, +10% ; precision of the “°Ar/**Ar 
ratio, ~2%. Samples 1, 4 and 7 were heated for 30 s, sufficient to 
raise the crucible to a red glow, in an attempt to separate the 
(surface-adsorbed) atmospheric from the internally trapped 
components. The technique was at least partially successful: 
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runs 1 and 4 show only atmospheric Ar, while run 7 contains a 
small amount of magmatic Ar, identified by the higher 
“Ar/**Ar ratio. None of the samples 1, 4 and 7 would be 
expected to fall on the ‘constant- -magmatic’ line, as they 
obviously cannot reflect a constant-magmatic Ar component; 
indeed, they all lie far off the curve, to the lower right of Fig. 2. 
As only zero or insignificant amounts of magmatic Ar were 
removed from the samples in these runs, both the high- 
temperature fractions and the total abundances should plot 
along the constant-magmatic line, as, in fact, they do. Samples 
10, 11, 18 and 19 are interior rock specimens of P-50; such 
interior rock are expected not to retain quantitatively the mag- 
matic gases”’, and indeed these samples lie below the constant- 
magmatic line. 

Figure 2 includes previously published data from this same 
seamount; the total data bank thus includes measurements on 
several different samples of this dredge haul, made with three 
different mass spectrometers at two different laboratories over 
12 yr. The straight-line fit to the glass samples (shown in Fig. 2) is 
remarkably good over the entire range of measurements 
(“Ar/**Ar = 1,282-11 300), Anchored at an intercept of 295, 


| CÊAryY t (x 10%) 


Fig.2 The envelopes a and b are from Fig. 1. Samples 1-11 are 
from Table 1. Sample 12 is from ref. 14; samples 13 and 14 from 
ref. 1; samples 15-19 from ref. 13. @, Glasses, this work; +, 
glasses, previous work; ©, interior rock; C, first (mild) heating. 


corresponding to the model relationship 
(Ar/ Ar) messured = (M ~ a) SAT m/ AT measured + A 


the excellent straight-line fit indicates a constant value for 
(m — a)’ Arm. In this equation both m and Ar, are unknown. 
Figure 1 shows that a similar relationship was found by Takaoka 
and Nagao for DSDP samples from Hole 417D of Leg 51 
(Cretaceous basalt flows in the Caribbean’®). They solved equa- 
tion (1) for m by assuming that either all the °°Ar they measured 
was trapped magmatic, or alternatively that *°Ar,,= 

§x107'° cm? g` in all the samples. The first assumption pro- 
vides only an upper limit to °% Arm; it is obviously an overstate- 
ment, as it denies the existence of the constant- -magmatic line 
demonstrated by their data. The second assumption is based on 
Craig and Lupton’s”’ analysis of the early data'*'*?*, which 
include both atmospheric and magmatic Ar with no attempt to 
differentiate between the two; the result being no more than an 
average of all total measured values. This cannot possibly reflect 


viously is striking. 


an accurate world-wide average of the Arm component alone, 
as is emphasized by Table 1, in which many of the samples show 
significantly smaller concentrations of total measured **Ar, I 
prefer to rewrite equation (1) as: 


Alm 


36 
Ar measured 


(m-a) 


("Ar/ Ar) measured “~ +a (2) 


and then recognize that the maximum measured “°Ar/**Ar 


datum is necessarily a lower limit to m, so that from sample $ 
m = 11,000, that is m > a and (m~a)~ m. The slope of the line 
then gives the *’Ar,, concentration directly: 172 x 1078 cm? g. 
With m= 11,000, the concentration of *°Ar,,31.5x 
107 cm? g~, 

For the Leg 51 DSDP data the analysis is not as straight- i 
forward. We can say that the “Ar, must be 2143x _ 
107° cm? g`; if the *°Ar,, 1.5107, then m=9,500. Onthe 
other hand, the limit to m set by these data alone i is m = 1,700, : 
and then ““Ar,<173x 10cm? g™ and Ar, <10X 107? 


The mantle component therefore looks similar, but not neces- 


sarily identical, to that recorded in the P-50 glass. The similarity 


in both concentration and isotopic ratio allowed by the data for ; 







Ar erupted on the other side of the world and 100 Myr pre- . 


The data from seamount P-50 show that: (1) Sample 
which have trapped the magma-ambient rare gas. compo) 
without post-eruptive diffusive loss. (2) In the: region sample by 
the P-50 magma, the mantle ratio ““Ar/**Ar is >11 ,000, more 
than an order of magnitude higher than several other estimate: 
of the mantle ratio*?°?3**, (3) Any one measurement of the | 
amount and isotopic ratio of Ar in a given sample is not 
quantitatively significant, as atmospheric contamination is 
generally present. Also, unless a straight-line relationship 
among several samples can be demonstrated, diffusive loss of the 
mantle component cannot be discounted. 

If further measurements show this straight-line relationship in 
suites of samples erupted from varying depths and geographic 
positions, and in varying tectonic conditions, we should be able 
to determine whether or not a reasonably unique worldwide 
mantle component exists, and thus whether models of atmos- 
pheric evolution and terrestrial degassing based on such mantle- 
wide parameters have a chance of being valid. Alternatively we 







may be able to document any vertical and/or lateral variations in | ? E 
this component, and thus provide information pertinent to 


models which require such variations" 
Samples of P-50 were supplied by É. Bonatti. Research was 
supported in part by the NSF. 
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ESR dating of ancient flints 
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Natural radioactivity can produce measurable amounts of radi- 
ation damage in rocks and glasses, and the gradual accumulation 
of this damage with time provides a built in ‘clock’ that can be 
used as a dating tool for geology and archaeology. Although a 
studied technique for estimating this damage involves 
measurements of stored thermoluminescent (TL) activity”, 
several authors have reported the direct observation of natural 
radiation damage by ESR*’. We describe here ESR measure- 
ments on a damage signal which we have found to be present 
without exception in a wide variety of natural flints. The point 
detect responsible for the signal is identified and the samples are 
calibrated with an artificial damage simulation. Preliminary age 
determinations are presented for several natural flints. Flint 
artefacts heated in antiquity will have their clock ‘reset’ to zero, 
and measurements on one sample suggest that the ESR tech- 
nique may have applications in the study of early cultures. 
Flint is a hydrothermally grown microcrystalline silica rock. 
Typical samples contain a quartz, amorphous silica, various 
silica allomorphs and a few per cent of non-silica ‘binder’ 
material. The ESR spectrum generated by natural radioactivity 
is shown in Fig. 1a. This spectrum is very similar to that found in 
quartzes artificially damaged by fast neutron bombardment, 


damage signal shown in Fig. 1d has two major components; the 
sharp structure between g = 2.000 and g = 2.0020 associated 
with a dangling Si bond (an E’ centre), and a broad but well 
defined, S = 1/2, powder pattern at lower field. Ignoring the EF’, 
we find the low field signal grows smoothly and uniformly with 
fast neutron damage, and thermally anneals away as a unit. Pure 
y-ray radiation (©°Co, up to 3 MR) has little effect on this signal 
in natural flints. It gives no measurable increment to the natural 
signal, and in samples where the natural signal has been 
annealed away, the weak low field signal produced by y rays has 
a distinctly different appearance. (An interesting exception is 
when the natural signal is only partially annealed away, when 
even a small y-ray dose will reconstitute a fraction of the original 
signal before saturating. Presumably, structural precursors are 
being repopulated here.) An examination of the g values of the 
natural signal suggests an interpretation for this insensitivity to y 
rays. The values agree well with those of the recently identified 
‘peroxy centre’, an O} radical bonded at one end to a silicon 
atom. If we accept this identification, then the defect is an 
interstitial oxygen, and a displacive lattice collision is needed to 
produce it. 

Whether the structural damage is due to a-recoils or fast 
neutrons, the ultimate source of point defects is a cascade of 
displacement collisions in the wake of an energetic (kiloelectron 
volts) oxygen or silicon ion (a primary knock-on or PKO), and to 
first order the only parameter required for calibration is the 
energy deposited in the lattice. For the natural damage this is a 
straightforward computation. Each emission leads to a recoil 
nucleus with some 80 keV of energy that ultimately finds its way 
to the lattice through PKOs. Summing over all decays (U, 
2327h and their daughters in secular equilibrium) leads to an 
energy deposition rate 


P, = 8.12 x 10°(MeV yr cm”) X Cea (1) 


where C.a is the effective radioactive impurity concentration in 
HE per g, given by Cen = Cu + 1/3Crr- 
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Table 1 ESR ages of some geological flints 
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Accepted 

Original geological t 

Sample flint age (Myr) (s) 
3g Oklahoma 370 1,507 
5g Utah 250 1,854 
7g Africa 3,200(?) 304 
9g Missouri 320 700 
jil Illinois 320 1,347 


Column 4 gives the average reactor exposure needed to regenerate the n 








T T P 


Cy Crn Ci Catt ESR age (Myr) 
(ugperg) (agperg) (mgperg) (ug perg) +30% 
P 3.07 0.26 0.67 310 
3.00 0.415 0.41 0.70 366 
0.693 0.802 0.52 0.74 57 
1.11 0.209 0.18 0.29 333 
1.20 1.20 0.42 0.664 280 


ative ESR signal, with all data scaled to row 1, site H, reactor conditions. 


The effective radioactive concentration in column 8 is computed from the measurements of total concentration and powder only concentration in the 
preceding three columns, as described in the text. The uncertainty quoted in the final column includes statistics and a rough estimate of possible 


systematic errors. 


and also to the native signal observed by McMorris” in igneous 
(but not in hydrothermal) quartz minerals. We believe, with 
MceMorris, that this signal appears because of structural damage 
in the silica lattice due to the momentum-conserving nuclear 
recoils of a-emitting impurities. (8, y and even a particles 
dissipate nearly all their energy in electronic processes and do 
little structural damage.) The signal thermally bleaches at 
500°C (Fig. 1b) and is readily regrown by neutron damage 
(Fig. 1c). 

Recent work on radiation-damaged silica”’’” has led to a fairly 
clear picture of some of the simpler point defects in the silica 
lattice. The expanded, high-resolution trace of the natural 


* Present address: Cultural Resources Laboratory, Texas A & M University, College Station, 
Texas 77843, USA. 
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The total "U and Th concentrations were determined 
directly by neutron activation analysis. Because flint is hetero- 
geneous, we need to correct these measurements for the fraction 
of radioactivity in the binder instead of the silica lattice. We 
estimate this partitioning by crushing the samples and etching 
them in hot aqua regia. This procedure leaves a fine white 
powder of silica microcrystals, but removes the binder. ESR of 
the powder shows that etching removes impurity signals (parti- 
cularly Mn?*) but leaves the original peroxy signal only slightly 
reduced. The powder is then re-assayed for ***U and we assume 
the less important ?*’Th is distributed the same way. It is 
probably wrong to neglect the radioactivity in the binder 
entirely, because some of these atoms will be registered on the 
crystal interfaces where they can still damage the lattice (the 
recoil range is ~200 A), so we include the binder fraction in our 
estimates of Coe, but weighted with an efficiency of 0.1. 
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Fig.1. Absorption deriva- 
tive ESR signals in Illinois 
flints. »=9.1 GHz, Ho= 
3,200 G. a, Fhe natural 
signal, T= 300K. b; The 
same sample after 
annealing. at 773K, c, The 
same. sample after 
exposure to radiation 
damage by fast neutrons. 
Correcting for gain and 
modulation, the signal is 
12 times larger than the 
natural signal in a. d, An 
expanded high-resolution 
trace near g = 2, showing 
powder pattern turning 
points near g, = 2.002 and 
g2 = 2.008. e, A high-gain, 
high-modulation trace at 
T=100K, showing the 
powder pattern turning 
point near g; = 2.06. 


To calculate the energy deposited by fast neutrons, the neu- 
tron flux distribution must be evaluated at the irradiation site. 
We have done this by combining reactor-design calculations and 
measuring thermal neutron fluxes. (In the Missouri University 
Research Reactor, 27.8 cm from the centre of the core row 1, 
site H, we find (dé/dE)dE =(k/E)dE, E<3 MeV, with K = 
4.5x10** neutrons per cm’s.) These relatively low-energy 
collisions are nearly isotropic and the total energy given to PKOs 
is readily computed’*. However, the PKO spectrum has a 
significant high-energy component, so some of this energy is lost 
in irrelevant electronic processes. Evaluating this effect with a 
standard model’*’*, we find an overall efficiency of 0.36 for 
producing structural damage, and an energy deposit rate in the 
lattice (in row 1, site H of our reactor) of 


P,=1.1210'' MeV cm? s~! (2) 


Combining equations (1) and (2) then leads to 
Age(Myr) = 0.1397(s)/C.e(ug per g) (3) 


where ¢ is the reactor exposure time needed to reproduce the 
native signal. 

This last expression was used in a blind study of several old 
flints. The results are presented in Table 1, along with the 
accepted geological ages. Except for the Precambrian African 
sample (an unusual flint subjected to obscure geological 
processing), the agreement in ages seems very satisfactory. 
As expected, flints known to have been heated in the past (by 
reduced TL) showed a marked reduction in the peroxy signal. 
One heated sample was investigated more carefully. It came 
from Combe Grenal France, in an Acheulian archaeological 
stratum deposited ~2.5 x 10° yr BP (ref. 15). The ESR spectrum 
near g = 2.00 is contaminated by impurities, but the long plateau 
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region extending towards g = 2, 06 (Fig shows clear evi- 
dence for an elevated absorption when compared with a sample 
heated in the laboratory. The characterist 
appears after neutron bombardment, anda (l 
tion suggests that the reactor exposure ti x 
reproduce the original signal would be about 5 s. Th 
concentration is 2.5 ug per g, and if this U is par 
normally between the silica and binder then the. maximum 
elapsed time since heating would be about 5 x 10° yr. Becaus 
some of the plateau signal observed could come from centr 
other than the peroxy, or from an unannealed residue, the 
heating could well have been more recent. The main refinemen 
needed for dating young samples is not so much an improved 
signal-to-noise ratio, but rather an ability to discriminate fresh __ 
peroxy signal from interfering background. This refinement may __ 
prove to be within the capabilities of standard ESR techniques. 
The sample from Combe Grenal France was obtained from 
Professor Francois Bordes. 
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Stones, pits and Stonehenge 


M. W. Pitts 


Alexander Keiller Museum, Avebury, Marlborough, 
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There have been many mathematical or astronomical explana- 
tions of the construction of certain elements at Stonehenge’ ”. In 
1979 a small salvage excavation at the site resulted in the chance 
discovery of a prehistoric pit dug to take a standing stone. The 
recognition that such substantial structures can exist unknown at 
Stonehenge is important to those who seek alignments or 
patterns in the locations of neolithic features. That ‘known’ 
arrangements could be affected by such unexpected discoveries 
is here illustrated with a preliminary reassessment of the 
significance of the Heelstone and the Station Stones (a full 
description of all aspects of Stonehenge is given in ref. 10). 

In May-June 1979, a trench 24 x 1.5 m was excavated along 
the proposed route of a telephone exchange cable on the 
roadside verge (Figs 1, 2). Besides the expected segments of the 
circular ditch around the Heelstone and the eastern ditch of the 
Avenue, a completely unexpected prehistoric feature was 
found. This comprised part of a wide pit with the impression on 
its base of the stone it had once held upright. No direct dating 
evidence was obtained, but the pit apparently relates to early 
activity at the site. The standing stone was removed, and the pit 
backfilled and fully consolidated before the ditch around the 
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Fig. 1 Area around the entrance to the earthwork enclosure at 

Stonehenge, showing pits (letters), stones (numbers) and the trench 

excavated in 1979. The newly discovered pit is north of the 
Heelstone, and the stone impression is shown shaded. 











Fig.2 Excavation in progress, looking south-east. The stone pit 
shows as a large depression in the chalk, truncated by the Heel- 
stone ditch which crosses the trench in the foreground. Emerging 
from unexcavated ground to the right, is the smooth, crushed chalk 
surface created by the weight of the standing stone. The rectan- 
gular excavation at the bottom of the photograph shows the point 
reached by the Post Office cable when archaeological investigation 
began. Behind the coils of barbed wire (erected around the site for 
the period of the summer solstice festivities) can be seen the base of 
the Heelstone. 


Heelstone was excavated; this ditch had been refilled at the time 
the ditches and banks defining the Avenue were created, around 
2170BC (BM-1164: 1728+68 b.c., HAR-2013: 1770+ 
70 b.c.; calibrated after Clark'', 2140+150 BC and 2200+ 
155 BC respectively). 

The location of this previously unknown stone (called stone 
97 in the sequence, after number 96, the Heelstone) questions 
the relationship of the Heelstone to the site's alignment. The 
eccentric position of the latter stone to the main axis of the site, 
which is approximately oriented on the midsummer sunrise has 
proved puzzling. If stone 97 was standing at the same time as the 
Heelstone, and the two were erected as part of a single plan, the 
problem may be solved, for the two stones sit astride the axis. 
Indeed, Newall predicted the presence of a stone beside the 
Heelstone on this hypothesis'*. The midsummer Sun would then 
rise On an alignment, accidentally or deliberately contrived, 
between the two stones. However, the Heelstone may have been 
erected after the now missing stone had been removed, with or 
without a period during which no stone was there at all. This 
interpretation was favoured by Atkinson (personal com- 
munication) who calculated the azimuth of the apparent centre 
of the impression left by stone 97 from the estimated centre of 
Stonehenge I as about 48° 21’. The precise location of the stone 
could not be determined from the excavated evidence—the 
stone’s shape and size above ground are only definable within 
very broad limits. 
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Adopting the hypothesis of the Heelstone as one of a pair of 
stones, how does this pair fit into the overall arrangement of 
known stone locations at the site? The distance’? both between 
the main sarsen circle (specifically stones 1 and 30) and the pair 
of stones at the earthwork entrance (stone 95 and that 
represented by hole E), and the distance between this last pair 
and the Heelstone is some 30 m. Can we extend this pattern and 
interpolate an “‘imaginarie Walke of stones” similar to those at 
Avebury“? 

The confused picture presented by antiquarian literature 
has prompted magnetic and resistivity surveys along part of the 
Avenue. The results show a strong disturbance in the chalk 
precisely where the next pair of stones should be, moving on 
from the Heelstone. The geophysical anomaly indicates the 
possible presence of only one pit. However, the model would 
predict this, because for both the known pairs the northwestern 
stone was removed in prehistory and the pit backfilled with 
chalk: it cannot be assumed that either of these pits would be 
visible to sub-surface detecting devices. 

The interpretation of the newly discovered stone 97 as a 
partner for the Heelstone does not, however, exhaust all possi- 
bilities; Atkinson has other opinions. An alternative would be 
that the stone is part of a single row, of which two other stones 
were identified by Hawley. The now vacant pits (labelled by 
Atkinson as B and C) and the new pit are equidistantly spaced on 
a straight alignment. The apparently smaller size of holes B and 
C, however, suggests that the stones they contained (and note 
that the existence of these stones is largely hypothetical) did not 
match the dimensions of 97. Indeed, the new pit is so large, 
apparently having been sectioned by Atkinson ef al. in 1956 (ref. 
17), that it possibly consists of intersecting pits that fulfill both 
these suggested roles. 

Four outlying features, in addition to the Heelstone, are 
frequently used in complex geometrical or astronomical con- 
structions. Of these four ‘Station Stones’, only two survive in 
position; the others are evidenced by poorly described hollows 
in the chalk. Their importance lies in their location on the four 
corners of a perfect rectangle that is aligned on the site’s major 
axis. However, evidence suggests both that the Heelstone and 
the Station Stones may have had companions, and that the basis 
of the latter’s location was not so much a rectangle as a circle. 
For this interpretation, we must consider a ring that lies on the 
periphery of the site. 

The 56 more or less regularly spaced pits in this ring were first 
known as the ‘X holes’ and later as the ‘Aubrey holes’’’, 
although the association of these 56 pits with the five ‘cavities’ 
observed by Aubrey is unconvincing, not least because of the 
discrepancy in numbers. Note also that these five hollows, 
supposedly representing the collapsed fill of pits levelled well 
over four millennia before Aubrey’s visit, were apparently 


15,16 





Fig.3 An outer stone circle? Left: Holes F, G, H, 92 and 94 (O, 
working clockwise from the enclosure entrance) and the two 
Station Stones 91 and 93 (@); also shown are the locations of stone 
95 and hole E (on the causeway) and stone 96 and the pit for 97 
(outside the enclosure ditch). Right: the ‘cavities’ (O) and stones 
mapped by Aubrey. Enclosure ditch shown schematically. 
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invisible when Gale and Stukely were at Stonehenge less tlfan 60 
years later, to Cunnington and Hoare at the end of the 
eighteenth century, and certainly not to be seen by Hawley or 
Newall in this century. It therefore seems likely that if the 
cavities really were prehistoric in origin, whatever they 
contained had been removed not very long before Aubrey’s 
visit. This being so, they could only have held standing stones. 

Atkinson considered the possibility that the Station Stones 
were the remnants of a former circle, but has preferred to 
associate them with the large sarsen structure as four outliers, 
reserving ‘‘the bare possibility that they once formed part of an 
earlier setting of sarsens within the bank” "°. The main evidence 
for this putative circle consists of three hollows on the site’s 
perimeter—pits F, G and H. As Atkinson and his colleagues 
noticed, these pits are correctly located to form, together with 
the Station Stones and 13 hypothetical pits (mostly in unex- 
cavated parts of the site), a circle of perhaps 20 more or less 
evenly spaced pits, two of which still retain stones, just outside 
the ring of X holes. A search was made for one of these pits in the 
1950s (in the region of X holes 4 and 5) with a variety of 
sub-surface detecting devices, but nothing was found”, 
However, it is possible that a pit does exist, but with a chalk fill 
rendering it effectively invisible without excavation (as would 
probably have been the case with the newly discovered pit). 
Hawley considered at least two of these hollows to be natural 
(one became known as the ‘bush hole’), but this appearance 
could be given by pits with chalky fill exposed by an excavator 
with very limited knowledge of pedology and the complex 
geomorphology of the site. Finally, there was circumstantial 
evidence’ that a stone existed on the perimeter of this hypo- 
thetical circle near X hole 28. 

The cavities which Aubrey observed exhibit both a coin- 
cidence in number with the above features, and a rematkable 
similarity in their respective locations (Fig. 3). The cavities 
match holes F to H, and Aubrey’s two stones the Station Stones 
91 and 93. The remaining cavities would correspond to holes 
now conventionally described as pits for Station Stones 92 and 
94. The only major discrepancy lies in Aubrey’s relative trans- 
position of stone 93 and the hollow for ‘stone’ 94. Without 
further excavation, the existence of this stone circle must clearly 
remain an Open question. 

This consideration of the Station Stones and the Aubrey 
holes, like the description of the newly discovered stone 97, 
exemplifies an unavoidable, if inconvenient, problem concern- 
ing Stonehenge—we really know very little indeed of the nature 
and sequence of activities and structures at the site. 

I thank staff and students of the Department of Archaeology, 
University of Southampton, and British Telecommunications 
for cooperation, and Professor Atkinson for interest and 
unpublished data. The geophysical surveys of the Avenue were 
conducted by the Department of the Environment’s Ancient 
Monuments Laboratory, who also took plaster and silicone 
rubber casts of the stone pit bottom. The excavation was funded 
by the Department of the Environment through the Wessex 
Archaeological Committee Implementation Fund. 
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skate Raia batis from Irish Sea 
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Records show that the common skate, Raia batis, has declined 
in abundance in the Irish Sea since the early years of the 
twentieth century, and is now very rare. As I report here, it is 
possible to calculate the highest mortality which the species will 
withstand without collapsing. It is likely that the mortality due to 
fishing has exceeded this level for some time and that the species 
will not recover while fishing continues. This represents the first 
clear case of a fish brought to the brink of extinction by com- 
mercial fishing. 

In 1902 Herdman and Dawson! wrote that the common skate, 
Raia batis, was: “abundant in all parts (of the Irish Sea), and 
taken by line and by trawling all year round on nearly all our 
fishing grounds. The young are frequently taken in shrimp nets 
in shallow water”. But the records of more than 800 trawl 
catches made by research vessels of the Ministry of Agriculture, 
Fisheries and Food (MAFF) throughout the Irish Sea during the 
past 10 yr show that no specimen of that fish was taken. None 
has appeared in trawl catches during research cruises by the 
Marine Science Laboratories, Menai Bridge during the past 
15 yr (E. I. S, Rees, personal communication). 

Enquiries among fishermen working in all parts of the Irish 
Sea indicate that R. batis was not uncommon in the late 1940s 
and that a few were taken during the 1950s and early 1960s, but 
there have been no recent records. In 1960, E. Hardy published 
a note in Fishing News on “The monster skate of Caernarvon 
Bay”, giving details of a 9-foot-long specimen taken in 
September of that year. The Irish Specimen Fish Committee 
publishes an annual report, which in 1976 gave details of 
specimen-sized skate (more than 120 pounds) taken by anglers 
in Irish waters since 1956. Of those 20 specimen fish, 15 were 
from Strangford Lough. However, because of the decline in the 
skate populations, the Committee has suspended the species 
from its lists since 1976. 

The identification of skate and ray species in the commercial 
landings in England and Wales is incomplete and they are not 
always recorded separately, however during the past 5 yr an 
average of less than 10 specimens of R. batis from the Irish Sea 
has been recorded annually at Fleetwood and these have all 
been from the North Channel. French commercial landings of R. 
batis from the area west of Scotland and Ireland are much 
higher, but here too the decline has been very rapid. Trawlers 
from Concarneau landed 922 tonnes of R. batis from this area in 
1969, but only 85 tonnes in 1979. During the same period the 
landings of all other species of rays at Concarneau fell by only 
15% (M. H. Du Buit, personal communication). 

Several aspects of the skate’s biology make it particularly 
difficult to protect from overfishing. Du Buit’, commenting on 
the declining catches by French trawlers in the Celtic Sea, 
ascribed its vulnerability to slow growth, high age of maturity 
and low fecundity. Holden? has modelled the population 
dynamics of other ray species from the Irish Sea, but did not 
distinguish between the mortality on immature and mature fish, 
and thus did not identify the crucial importance of fishing 
mortality on immature fish in determining the level of exploita- 
tion at which the stock would collapse. I have adapted Holden’s 
method and have used his rates of egg laying to calculate the 
levels of mortality on immature and mature fish beyond which 
the stock will collapse. 

For a population to remain in equilibrium, the mortality rate 
of mature fish (Zm) must equal the net rate of recruitment of 
mature fish. The net recruitment is given by the number of eggs 
laid per female per year (E/2, because only eggs developing into 


females are included) multiplied by the survival from egg laying 
to maturity (e ~“, if the immature mortality Z; occurs evenly 
over the number of years fm needed to reach maturity). 


Za = (E/2)x e7, 


The number of eggs laid per female depends on the size of the 
female and hence will vary because the average size of mature 
fish is affected by changing Z,,. For ray species, Holden* has 
shown that the rate of egg laying is proportional to body length, 
not weight, so that there will be little change in E/2 as Zm varies. 
The rate of egg laying by R. batis is not known but can be 
estimated as about 40 per year, using a relationship between 
fecundity and size at birth’. According to Du Buit’, the age of 
first maturity for R. batis is 11 yr. The equation thus gives the 
relationship between Zm and Z; shown in Fig. 1. Any combina- 
tion of values of Zm and Z; to the right of curve a will result in the 
collapse of the population. If the population was subject only to 
instantaneous natural mortality of say 0.2 before maturity, then 
a very high rate of exploitation would be possible on the mature 
stock, although this of course assumes that the direct relation- 
ship between number of mature females and net recruitment 
persists at all stock levels, which is unlikely. However, the fishing 
mortality on immature fish is probably the same as that on 
mature fish, because they are vulnerable to capture from birth by 
the same gear. 

R. batis hatch from the egg at a length of ~22 cm, with a disk 
width of 13~15 cm and are retained by the mesh sizes in use. The 
line expressing the ratio Zm = Z is shown in Fig. 1 and it can be 
seen that the stock will collapse at a mortality above ~0.37. 
Even if the immature mortality were only half of the mature rate 
(that is Z,,=2 x Z, also shown in Fig. 1) the stock would still 
collapse when Z, was 0.31. In fact, the immature mortality may 
well be higher than the mature mortality, because in addition to 
being caught in the same gear as the mature fish, the young skate 
were also taken frequently in shrimp nets in shallow water. Also, 
no account has been taken of egg and hatching mortality, which 
may be high and will act in a manner exactly analogous to 
reduced fecundity. Curve b in Fig. 1 expresses either 50% egg 
mortality or fecundity of only 10 female eggs per year instead of 
20. This shows that reduced (or increased) fecundity has a 
relatively small effect on the mortality at which the stock collap- 
ses. It is the net rate of recruitment which is important, and this is 
determined largely by the cumulative mortality during the 
immature stage. 

No estimates of mortality rates are available for the ray 
species of the Irish Sea, but they are likely to be of the same 
order as those on other demersal species, which range from ~0.4 
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Fig. 1 Values of Z,, (mortality rate on mature fish) and Z, 

(mortality rate on immature fish) to maintain the population in 

equilibrium. a, Fecundity = 202 eggs per yr; b, fecundity = 109 
eggs per yr. 
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Fig.2 Value of total mortality (Z; = Zm) beyond which the popu- 
lation will collapse, for different values of fecundity and age of 
maturity. 


to 1.2 (total instantaneous rates on an annual basis®). The 
disappearance of R. batis is therefore not surprising, but that 
this took place virtually unnoticed or without comment in the 
fisheries literature, perhaps is surprising. Other ray species have 
also déclined®, but are less vulnerable, as can be seen from Fig. 2. 
This shows the highest total mortality which the different species 
could withstand without collapsing, as a function of fecundity 
and age of maturity. It is assumed that Zm = Z; but young R. 
clavata, R. brachyura and R. montagui may be less vulnerable 
to fishing mortality than R. batis, as they are smaller. 

The prediction from Fig. 2 that R. erinacea would withstand 
the highest mortality of any of these species, in spite of having 
the lowest fecundity, emphasizes that net survival to maturity 
rather than fecundity per se governs the response to exploita- 
tion. For R. batis the only effective protection is probably a 
complete halt to all kinds of fishery in which it may be caught. 
Because this course of action is unrealistic, it has to be accepted 
that this species and others like it will be fished out as a 
consequence of the exploitation of other demersal fish. 
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Infant-related influences on birth 
intervals in rhesus monkeys 


M. J. A. Simpson, A. E. Simpson, 
J. Hooley & M. Zunz 


MRC Unit on the Development and Integration of Behaviour, 
University Sub-Department of Animal Behaviour, Madingley, 
Cambridge CB3 8AA, UK 


That a mother’s relationship with her infant could influence her 
subsequent reproductive history can be argued as follows. A 
rhesus monkey infant whose next sibling is to be born in a 
succeeding birth season’ could compete with it by trying to 
postpone the date when its mother next conceives. If the mother 
preferred a shorter delay than the infant’, processes of conflict? 
and negotiation“ involving the two could show in some of the 
behavioural interactions constituting their relationship". For 
example, a mother could try to hasten the onset of her next 
pregnancy by trying to promote more independent behaviour in 
her infant, perhaps by rejecting some of its bids for contact”. 
We report here studies on our rhesus monkey colony and other 
colonies which support this argument. 
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We compared two reproductive groups of mothers th our 
colony’: ‘quick’ mothers, who have an infant in the present birth 
season’ and will conceive another in the coming mating season, 
with ‘slow’ mothers, who bear an infant this season but will not 
conceive another in the coming mating season. The two groups 
differed as follows: current infants of quick mothers included a 
higher proportion of males than did current infants of slow 
mothers (Fig. 1, P<0.01 by Median test®, excluding two-sons 
and four daughters whose mothers have not yet produced 
another full-term infant); current infants of quick mothers were 
more active, crossing grid lines in their cages more often’ during 
their first 12 weeks (P = 0.048, 0.008 and 0.035 in weeks 2, 4 
and 8 respectively, Mann Whitney U-test); and quick mothers 
rejected’ their infants more often in seven of the eight obser- 
vation weeks up to week 20 (Fig. 2, P<0.10 in weeks 2-10, 
P <0.018 in week 6 and <0.011 in week 10). 

In Bernstein’s captive colony of rhesus monkeys’, more 
mothers of sons than of daughters were ‘quick’ (personal com- 
munication). Colvin (personal communication) found the same 
in the free-ranging rhesus population on Cayo Santiago in 
1978-79 (P = 0.0072, Fisher exact probability test), but it has 
not been found in free-ranging populations studied over longer 
periods, either on Cayo Santiago (ref. 10, and Sade and Berman, 
personal communication) or on La Parguera (Leighton-Shapiro, 
personal communication). At this stage we presume that the 
special conditions in captive colonies of rhesus monkeys, and in 
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Fig. 1 Ages in weeks of current sons and daughters when their 
mothers conceive infants to be born in the next birth season 
(quick), and numbers of sons and daughters whose mothers fail to 
give birth in the next season (slow). The conception date of each 
infant to be born next season was calculated by subtracting 168 
days’° from its birthdate. The 43 infants and their mothers were 
healthy through at least the year following the births of the current 
infants, and those births occurring in the next season were full 
term’. Our rhesus monkey colony has six separately caged groups, 
each with one adult male, 2-5 adult females, and immature indivi- 
duals which have been born into the group’. 
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some “years in free-ranging populations, determine that an 
infant’s sex becomes associated with its mother’s next concep- 
tion date. 

In our colony, the tendency of mothers of males to conceive 
sooner could be explained in terms of infant activity level, if 
male infants as a group are more active, We found this to be the 
case in the infants’ second week when more sons than daughters 
entered at least one new cage section during 6 h of observation 
(P = 0.023, Fisher exact probability test). Thereafter entry rates 
into new cage sections no longer differentiated male and female 
infants, but in all observation weeks during their first half year, 
males initiated more of the play episodes in which they were 
involved (see also ref. 11). (After week 2, when all infants can 
move freely, we do not expect males to enter more cage sections 
than females, because male social play often includes much 
rough-and-tumble activity in one place, whereas female play 
may include more chasing to and fro’’.) 

If infant activity is associated with subsequent maternal 
conception date, this association should also show within the 
infant sex classes separately. Taking sons alone, those with quick 
mothers were more active in weeks 2, 4 and 6. Daughters with 
quick mothers were more active in all 10 observation weeks up 
to week 28 (P<0.022 in weeks 8, 10, 16 and 20 by Mann 
Whitney U-test). Also, in all these weeks, daughters of quick 
mothers spent less time on their mothers’ nipples (P < 0.05 in 
week 20, Mann Whitney U-test), If an infant’s sucking 
behaviour is related to other aspects of its activity, one 
mechanism promoting early conception could involve suck- 
ing'?-'4 (at least in our mother-daughter dyads). 

The association between material rejection scores and 
subsequent conception held true for sons and daughters 
separately throughout their first 10 weeks (Fig. 2), quick 
mothers being more rejecting. In a group of savannah baboons, 
less restrictive mothers had a shorter postpartum amenorrhea, 
although they did not conceive again sooner’, Baboon mothers 
who were less restrictive were also more rejecting*’’. Asso- 
ciations between a mother’s social position in her group and her 
fertility are also to be expected, and occur for our mothers of 
males (work in progress). 

We provisionally suggest the following mechanism to explain 
why mothers who reject their infants should be more likely to 
conceive relatively early. A mother both responds to and tests 
the progress of her infant, conceiving earlier, the better its 
progress seems to be’, That mothers could be affected by their 
infants’ activity is suggested by the correlation between infant 
activity and maternal rejection rate in the infants’ early weeks 
(Spearman rank-order correlation coefficient = 0.65, 0.80, 0.49 
and 0.43 in weeks 2, 4, 6 and 8 respectively, P < 0.007). Mothers 
could even test their infants’ capacity for activity by persisting in 
their rejecting behaviour until the infants begin to protest. The 
view of progress so acquired by the mother should be quite 
reliable, for by falsifying it? the infant could act to its own 
disadvantage. A clinging and sluggish infant would miss oppor- 
tunities for play and exploration’. 

This hypothesis does not explain why more mothers with male 
infants should subsequently be quick to conceive, unless we 
accept the greater activity of the sons at 2 weeks as a sufficient 
explanation. However, one or more of the following infant sex 
differences, expressed in utero and later, could also be effective. 
Thus our rhesus mothers pregnant with male fetuses received 
fewer threats, chases and attacks than those pregnant with 
females (work in progress), and pigtail macaque mothers 
(Macaca nemestrina) carrying male fetuses were less likely to 
require medical treatment (usually for bite wounds from social 
companions) than those carrying females’”. Chamove’s stump- 
tail macaques (M. arctoides), whose infants were removed at 
birth, bore subsequent infants sooner if they were male 
(personal communication), Rhesus mothers caged singly with 
their infants”°, and in our social groups (work in progress) played 
more often with male than with female infants, and male infants 
initiated a greater proportion of their play sessions than 
females’. 
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Fig. 2 Maternal rejection of daughters and sons through the 
infants’ first 16 weeks, depending on whether mothers will 
conceive again between the infants’ 16th and 52nd weeks (quick: 
@, daughters; A, sons), or later (slow: O, daughters; A, sons). Each 
data point is a median frequency of rejection from 6h of obser- 
vation? of one of the groups. A rejection”? was scored each 
time a mother hit, pushed or bit her infant, blocked its access to her 
ventrum and/or nipple, or broke contact with it within $s of the 
infant initiating a period of physical contact with her. A rejection 
was also scored when the infant was already in contact with the 
mother’s body and she blocked its access to her ventrum and/or 
nipple. The 43 infants were born to 20 mothers over a 7-yr period, 
and were treated as if they were statistically independent®. This is 
justifiable because we found that none of our six social groups, nor 
any of our families within social groups consistently produced 
infants that were male rather than female, or quick rather than 
slow, 


The idea that mothers in good condition should produce sons 
rather than daughters”! suggests another explanation of our 
results. If old mothers were in poor condition and therefore 
‘slow’, maternal condition could explain our observation that 
mothers of daughters tended to be slow. But many of our old 
mothers were vigorously maintaining high dominance status in 
their social groups, and were as quick or slow according to the 
sex of their infants as the remainder of our mothers. 

High maternal rank could be the common factor underlying a 
tendency to have daughters’ and then to be slow. However, our 
high-ranking mothers of sons were among our ‘quickest’ 
mothers of all (work in progress). 

The survival value to mother, and infant, of the mother being — 
able to respond to and test her infant’s progress is easily seen. It 
is less obvious, in terms of evolutionary theories, about how 
parents should invest care in their current and future 
offspring??'*?*, why mothers of male rhesus infants, which are 
the slightly heavier sex at birth, should conceive again sooner. 
(Males are heavier in all studies known to us, but only statistic- 
ally significant in that of Goy, personal communication.) In red 
deer (Cervus elaphus) the heavier stag calves are believed to be 
more costly to rear and in accordance with this idea their 
mothers are more likely to have a subsequent barren year”, We 
wish to note the contrast provided by our rhesus monkeys and 
make a plea for comparable studies of more species. 

The MRC supported the writing of this letter. The monkey 
colony was supported initially by the Mental Health Fund, and 
continuously by the MRC and the RS. 
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Hepatitis B polypeptide 
vaccine preparation in micelle form 
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The immunoprophylaxis of hepatitis B is hampered by the lack 
of a technique for growing hepatitis B virus (HBV) in tissue 
culture. Plasma from persistently infected individuals’, one 
source of viral antigen, contains characteristic 22-nm spherical 
particles which share a common antigen (the hepatitis B surface 
antigen or HBsAg) with the outer envelope of the 42-nm 
double-shelled DNA virus. Highly purified inactivated 22-nm 
particles have been shown to be safe and to confer protective 
immunity against HBV in a recent large-scale clinical trial”. We 
have already described the extraction from the particles of a 
complex of two proteins which are antigenic determinants of 
HBV—the polypeptide with molecular weight (MW) between 
22,000 and 24,000 (called p23) and the glycosylated poly- 
peptide (called gp28) with MW in the range 26,000-29,000 
which is thought to be the glycosylated form of p23. We now 
report the preparation from this complex of water-soluble pro- 
tein micelles which may be a suitable basis for a second- 
generation hepatitis B vaccine. 

In the preparation of viral vaccines, highly purified viral 
antigens may be significantly safer than other preparations. 
Many viral vaccines contain not only specific viral antigens but 
also components derived from the host tissues in which virus has 
been grown and against which those to whom the vaccine is 
administered may react. The availability of a chemically defined 
polypeptide viral antigen may be especially important for HBV, 
for there are several reports of the persistent presence in pre- 
parations of 22-nm spherical particles of host-serum proteins** 
which may inhibit the immune response or even induce 
immunological side reactions’. Sources of HBV antigen such as 
the hepatoma cell line PLC/PRF/5 (ref. 6) and Escherichia coli 
containing cloned viral DNA (ref. 7) are similarly contaminated. 
The advantages of vaccines based on pure antigens have, 
however, been demonstrated with influenza, where a vaccine 
consisting of the neuraminidase and haemagglutinin subunits 
has been shown to be adequately immunogenic when given in 
two doses and less stimulating of side reactions than the whole 
virus vaccine. 

In our search for a chemically characterized antigen of HBV, 
we have concentrated on the surface antigen (HBsAg) present in 


the 22-nm particles in plasma, which consist of lipid and séveral 
viral and host proteins (including, for example, serum albu- 
min*’), The two peptides p23 and gp28 (refs 8, 10), which forma 
49,000-MW complex in non-reducing conditions"’, have iden- 
tical amino acid sequences at the N-terminal end** and recent 
nucleotide sequences*? suggest that there is an internal sequence 
of 19 hydrophobic amino acids which may be the site of the 
intercalation of the proteins in the 22-nm particles. It seems 
reasonable, therefore, to consider gp28 and p23 as integral 
membrane proteins, by definition partially hydrophobic and 
insoluble in aqueous media in the absence of detergents’*. 
Complete solubilization of the integral -proteins of viral 
membranes, with minimal loss of serological activity, has been 
most successfully achieved by the use of non-ionic detergents 
such as Triton X-100'*’*. However, the polypeptides are poor 
immunogens in a monomeric form in detergent solutions”. 
Recently, a method of detergent removal has been described 
which allows the amphiphilic proteins to reassociate through 
their hydrophobic portions into a protein micelle structure, 
which remains water soluble due to the presence on its outer 
surface of the hydrophilic portions of the molecules”. 

Micelles prepared from Semliki Forest virus membrane pro- 
teins were highly effective in inducing a protective response to 
the virus in mice”. Applying this type of strategy to 22-nm 
HBsAg spheres purified from the serum of a carrier chimpanzee, 
we have previously reported the extraction of a complex of gp28 
and p23 by Triton X-100 solubilization and affinity chromato- 
graphy*. The 3.98 complex of p23 and gp28 was prepared 
essentially according to this method’. Purified 22-nm spheres, 
labelled with '*°I, were disrupted with 2% Triton X-100. The 
complex was separated from other particle constituents by 
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Fig. 1 Sedimentation of solubilized p23 and gp28 in 20-50% 
linear sucrose gradients in the absence (@) or presence (©) of 2% 
Triton X-100 throughout the gradient. The 22-nm HBsAg parti- 
cles were purified from the serum of a persistently infected chim- 
panzee and radiolabelled with the Bolton and Hunter reagent, as 
previously described**. **°I-HBsAg in 0.01 M Tris buffer was 
made 2% with Triton X-100 and 0.5 M with NaCl, and incubated 
overnight at 37°C (ref. 8). The solubilized material was passed 
through a column of Con A-Sepharose equilibrated in the 
complete reaction buffer supplemented with 1mM CaCl, and 
MnCl,. The gp28-p23 complex was eluted with a-methyl 
mannoside and layered directly onto 20-50% linear gradients of 
sucrose in TNE buffer (0.50 M Tris-HCl, pH 7.4, 0.14 M NaCl, 
0.001 MEDTA). After centrifugation at 220,000g for 24h at 
15°C in a Beckman SW40 rotor, 0.5-ml fractions were collected 
from the top of the tube and counted to locate the position of 
the polypeptides. The direction of sedimentation is from left 
to right. 
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Fig. 2 a, Electron micrograph of HBsAg micelles negatively stained with 1% ammonium molybdate, 
containing 0.1% bacitracin. The micelles were freed from sucrose by passage through a small column of 
Sephadex G-25 (Pharmacia) equilibrated with distilled water, and applied to carbon-formvar-coated 
copper grids. after staining, the grids were examined in a Jeol CX100 electron microscope operated at 
80 kV. Scale bar, 100 nm. b, SDS-polyacrylamide gel electrophoresis of HBsAg micelles. 40 ug were 
disrupted by heating for 2 min at 100°C or in the presence of 2% SDS and 5% 2-mercaptoethanol, and 
electrophoresed through a 10% acrylamide cylindrical gel at a constant current of 2.5 mA. 


|-HBsAg precipitated 


GZA 125 


“Q 





135,000 8,437 527 32.9 2.06 
{Protein] (ng mi~ `) 


Fig. 3 Competitive radioimmunoprecipitation assay of HBsAg 
micelles (@) and intact 22-nm particles (©). Both samples were 
adjusted to 360 yg ml” of protein and serially diluted fourfold in 
phosphate-buffered saline (PBS) containing 0.5% of bovine serum 
albumin (BSA). A 150-,1 aliquot of each dilution was mixed with 
an equal volume of a 1:100 dilution of rabbit hepatitis B surface 
antibody (anti-HBs) (Hoechst) and incubated at 37°C for 3h. 
25) HBsAg (intact 22-nm particles, 10 wl, 24,000 c.p.m.) was then 
added and incubation was continued overnight at room tempera- 
ture. A 150-yl aliquot of protein A-Sepharose (Pharmacia) at a 
concentration of 5% in PBS-BSA was then added and the samples 
were shaken vigorously for 1h at room temperature. The 
Sepharose was pelleted by low-speed centrifugation and the 
supernatants and pellets separated and counted. The results are 
expressed as the percentage of total counts associated with the 
precipitated immune complexes. 


affinity chromatography on concanavalin A (Con A)-Sepharose 
in the presence of the detergent, and retained specific reactivity 
with anti-HBs after elution with a-methyl mannoside. The 
complex in detergent solution was then centrifuged into two 
20-50% w/v sucrose gradients, one of which contained 2% 
Triton X-100 throughout (Fig. 1). In the gradient containing 
detergent, all the radioactivity remained at the top; in the 
absence of detergent a peak of '**I-labelled protein was found 
two-thirds of the way down the gradient’®. These results 
indicated that sedimentation of the complex into a detergent- 
free gradient separated the polypeptides from the detergent and 
allowed them to reassociate during centrifugation into a parti- 
culate protein micelle form with an increased sedimentation 
coefficient. 

The buoyant density of the micelles in caesium chloride was 
1.25 g ml”! compared with a density of 1.19 gm!” for intact 
22-nm particles, an increase consistent with the removal of most 
of the lipid by the solubilization procedure. Electron microscopy 
showed that the micelles were pleomorphic and fluffy in 
appearance, with diameters in the range of 60-200 nm (mean 
120 nm) (Fig. 2a). Immune electron microscopy showed that the 
micelles could be both self-aggregated and co-aggregated with 
intact 22-nm particles by anti-HBs'’. Polyacrylamide gel elec- 
trophoresis (Fig. 2b) showed that both gp28 and p23 were 
present in the same proportions as in the original detergent 
extract, indicating that the micelles were not formed pre- 
ferentially from one or other polypeptide. Although the possi- 
bility that each polypeptide might have segregated into different 
micelles was not examined, it seems unlikely in view of the 
recent demonstration of a disulphide linkage between them”. 
Gp28 and p23 together constituted 40% of the total protein of 
the purified 22-nm particles used as starting material in these 
experiments (see ref. 8). Ninety per cent of the gp28—p23 
complex was recovered from the Con A-Sepharose column, and 
the final yield of the two polypeptides in micelle form was 
estimated to be 60-70% of the amount originally present in the 
intact 22-nm particles. The good recovery of total protein 
confirms the suitability of the method for large-scale production 
of a potential vaccine. 

The degree of antigenic reactivity and specificity of the 
micelles was assessed by subjecting them to competition with 
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intact HBsAg particles for anti-HBs in a _ radioim- 
munoprecipitation test (Fig. 3). The micelles competed 
effectively with intact 22-nm forms, although the dilution curve 
had a slightly shallower slope than that obtained in a control 
experiment using unlabelled intact 22-nm particles as the 
competing antigen. Such a difference, indicative of altered 
protein conformation, was to be expected following removal of 
lipid and reassociation of the polypeptides into a purely protein 
form. It is difficult to give a precise estimate for the recovery of 
serological activity due to the difference in slope, but the 
competitive ability of the micelles was about 40% that of the 
intact 22-nm particle per weight of protein. The differences in 
surface area, and in surface distribution of antigenic sites 
between the two types of particles, may account for this dis- 
crepancy. 

The immunogenicity of the micelles was compared with that 
of intact 22-nm particles in a mouse potency test, as it has been 
suggested that the serological response in mice may be a useful 
indicator of the immunogenic potential of candidate hepatitis B 
vaccines’’. Groups of six SWR/J mice were inoculated with 
three serial doses of 5, 10 or 20 yg of each preparation in 
alum-adjuvanted form, and the antibody levels in their sera 
measured by a protein A radioimmunoassay. The results 
obtained are shown in Fig. 4 in two forms. Figure 4a is a plot of 
the mean values of the serial dilutions of all sera obtained from 
mice inoculated with 10-,.g doses of micelles or intact particles. 
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Consistently higher levels of anti-HBs were induced in apimals 
receiving micelles, possibly also with a higher affinity, as 
indicated by the steeper slope of the dilution curve compared 
with that of the sera from mice receiving intact particles, 
although direct affinity measurements were not made. This 
difference was seen at all dose levels tested. Figure 4b shows the 
antibody titres against dose for all animals, each point 
representing the titre of an individual serum, Extrapolation of 
the lines representing geometric mean titres of antibody gave 
antigen extinction values of 1.11 pg and 3.16 wg for HBsAg 
micelles and intact particles, respectively. Several factors may, 
singly or in combination, account for the greater immunogeni- 
city of the micelles, including their large size, altered distribution 
of antigenic sites, and the absence in them of host-derived serum 
proteins such as albumin. The results presented here show that 
the antigenic complex of gp28 and p23 can be readily isolated in 
high yield from intact HBsAg 22-nm particles, and that this 
complex can be reassociated into a micellar form as has been 
described for other viral envelope proteins'*?'. The chemical 
purity, specific serological activity and powerful immunogeni- 
city of the micelles, taken together with the ease of their 
preparation on a large scale, strongly favour their development 
as an alternative second-generation hepatitis B vaccine. This 
physical form may indeed also be suitable for vaccines prepared 
using HBsAg polypeptides produced by the expression of 
cloned hepatitis B virus DNA in E, coli or other hosts’. 
Experiments to test the immunogenicity, safety and protective 
capacity of HBsAg micelles in primates are in progress, 

We thank Mr M. Vaudin and Miss R. Smith for technical 
assistance, and Dr D. Ellis for aid and advice with electron 
microscopy. The programme of hepatitis B vaccine research at 
the London School of Hygiene and Tropical Medicine is 
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Fig.4 Potency testing of HBsAg micelles and 22-nm particles, Both types of preparation were dialysed into 0.01 M phosphate buffer, pH 6.6, 
and adjusted to a final concentration of 200 ug of protein per ml. A 1-ml aliquot of a 2% suspension of aluminium phosphate was added to 6 ml of 
each sample and the protein adsorbed to the gel by mixing the suspensions for 3 h. The alum was then centrifuged and washed once with PBS. 
Over 95% of the antigen was adsorbed by the alum. The alum was resuspended in PBS to a final concentration of 0.4%. The suspensions were 
then diluted appropriately with 0.4% alum in PBS so that both the volume and alum content of the inocula were the same for all antigen doses, Six 
mice per dose were injected intraperitoneally with 20, 10 or 5 ug of either the intact 22-nm particle or the micelles in 100-1 volumes. Two 
booster doses were given at weekly intervals. The mice were bled 11 days after the last inoculation and the titres of anti-HBa determined using a 
protein A radioimmunoassay. Flexible microtitre plates (Dynatech) were coated with 100 ul per well of HBsAg at a concentration of 10 pg mi 
in carbonate buffer, pH 9.5, by overnight incubation at 4 °C. The antigen was removed and 100 wl per well of fetal calf serum added to block any 
remaining adsorption sites. After 2 h at 4 °C, the fetal calf serum was removed and the plates washed with PBS. 100-1 aliquots of serial twofold 
dilutions of the test serum in PBS-BSA were incubated in the plate for 2 h at 37 °C, the wells were drained and rinsed and 100 pl of '251 protein A 
- was added to each. After 1 hat 37 °C, the plate was drained, washed several times with PBS and divided into individual wells for counting in a y 
“gpectrometer. Protein A (Pharmacia) was iodinated by the chloramine-T method to a specific activity of 20-40 pCi pg ! a, Protein A 
radioimmunoassay of anti-HBs in the sera of mice inoculated with 10-yg doses of either micelles (@) or intact 22-nm particles (©). The sera were 
initially diluted 1:10 in PBS~0.5% BSA. The points represent the mean of six sera, and the vertical lines represent the standard deviations. 4, 
Geometric mean antibody titres at different dose levels of HBsAg micelles (@) or 22-nm particles (©). Titres are expressed as the reciprocal of the 
dilution of antibody required to bind a given amount of radioactive protein A. Each point represents the titre in a single animal. The antigen 
extinction doses in each case are indicated. 
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The mammalian central nervous system possesses specific 
high-affinity binding sites for the benzodiazepines and 
considerable evidence suggests that these binding sites are the 
pharmacological receptors through which these compounds 
act’*, Recently’, ethyl 8 -carboline-3-carboxylate (8 -CCE) has 
been identified in both human urine and rat brain. 8-CCE may 
be closely related to the endogenous ligand for the benzo- 
diazepine receptor-—it shows an affinity for the receptor of the 
same order as that of clonazepam, one of the most potent 
benzodiazepines, and is the first non-diazepinoid structure to be 
identified with an affinity in the nanomolar range. Furthermore, 
it is selective for the benzodiazepine receptor’. Clinically and in 
animal studies, benzodiazepines have anti-convulsant, hypnotic 
and anxiolytic actions’. We have therefore investigated whether 
B-CCE exhibits any of these properties in rats. We report here 
that, in contrast to the benzodiazepines, 8B-CCE lowers seizure 
threshold and reverses the sedative effect of flurazepam. If 
B-CCE has a close structural relationship to the endogenous 
ligand, benzodiazepines may be antagonistic at the receptor site. 

B-CCE was synthesized by condensation of L-tryptophan 
with glyoxylic acid, esterification of the product with ethanol- 
HCl and oxidation with chloranil. The purity of the final product 
was > 95%, 

The effect of B-CCE on seizure threshold in rats was deter- 
mined by measuring the dose of bicuculline, infused through 
a tail vein, required to elicit a seizure’. The B-CCE was dis- 
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Fig.1 Effect of 8-~CCE on the seizure threshold to bicuculline at 
various times following administration. Results show the seizure 
threshold for a group of uninjected rats (A) and for groups of 
vehicle-injected (@) and 8-CCE (5 mg per kg)-injected (Wi) ani- 
mals. Results show mean + s.e.m. for groups of four or more rats. 
The B-CCE group was significantly different from the vehicle- 
injected group—P < 0.001 at 5 min and P< 0.005 at 15 min. 


solved in ethanol, diluted with propylene glycol (ethanol/pro- 
pylene glycol, 1:2} and injected intravenously (i.v.). Control rats 
received the vehicle alone. Each rat was only used once for any 
determination. 

When 6-CCE was given i.v. at a dose of 5 mg per kg, there 
was a significant (31%) decrease in the dose of bicuculline 
required to elicit a seizure 5 min later. Only a small lowering of 
threshold was seen 15 min after administration and no effect was 
observed after 30 min (Fig. 1). 

Pretreatment of rats with a dose of B-CCE as low as 0.5 mg 
per kg i.v. had a statistically significant effect in lowering seizure 
threshold 5 min later and the drug displayed a conventional log 
dose-response curve (Fig. 2). The effect of 8B~-CCE on lowering 
seizure threshold plateaued at about 2.5 mg per kg, suggesting 
that the compound itself will not induce convulsions even at high 
doses. 

When 8-CCE (5 mg per kg) was given intraperitoneally, no 
effect on the bicuculline seizure threshold was seen 5 min later 
(vehicle 0.28+0.02 mg per kg, n=4; B-CCE 0.32+0.04 mg 
per kg, n = 4). This could be due to rapid inactivation and may 
explain the short duration of action of the drug even when given 
LV. 

Benzodiazepine receptors are thought to be functionally 
linked to y-aminobutyric acid (GABA) receptors'™™™" and 
bicuculline is a GABA receptor antagonist’. We therefore 
examined the effect of 8-CCE on the seizure threshold using 
pentylenetetrazol (PTZ), as this convulsant agent also has 
GABA-antagonist properties'*. We also investigated the effect 
on B-CCE on the seizure response to strychnine, a glycine 
antagonist, to see whether the action of -CCE was specific to 
drugs acting on GABA functions. Five minutes after adminis- 
tration of 8-CCE at a dose of either 5 or 1 mg per kg the seizure 
threshold to PTZ was lowered by a value (30%) comparable 
with that seen using bicuculline (vehicle 23 + 3 (5); B-CCE (5 mg 
per kg) 16+ 3 (6); 8-CCE (1 mg per kg) 15+3 (4), expressed as 
dose of PTZ (mg per kg) to elicit a seizure; B-CCE different 
from vehicle, P<0.001, at both doses). 
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In contrast, no change was seen in the strychnine seizure 
threshold (vehicle 2.7+0.2 (4); B-CCE (5 mg per kg) 2.7+0.1 
(4), expressed as dose of strychnine (mg per kg) required to elicit 
seizure). Following flurazepam (10 mg per kg) the PTZ seizure 
threshold is raised whereas the strychnine threshold is 
unaltered’*. 

When rats were given flurazepam (20 mg per kg intraperi- 
toneally) they rapidly showed sedation and, in contrast to 
control animals, displayed very little ‘exploratory’ locomotor 
activity when placed in a new cage. This was reflected in low 
counts on Automex activity meters (Fig. 3). Injection of vehicle 
had no significant effect on this low level of activity. In contrast, 
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Fig. 2 Effect of dose of 8-CCE on bicuculline-induced seizure - 
“threshold. Main graph shows dose of bicuculline required to elicit 
seizure 5 min after i injection of various doses of 8-CCE. All doses 
of drug were given in the same volume of vehicle (1 ml per kg). 
Zero value shows threshold following vehicle alone, which is not 
different from a saline-injected group (0.26+0.01, n=4), 
Different from vehicle control: 10, 5 and 2.5 mg per kg, P < 0.001; 
i mg per kg, P<0.01; 0.5 mg per kg, P<0.02; not significantly 
different: 0.1 mg per kg; four or more observations at each point. 
Inset shows the log dose-response curve of B-CCE measured 
against the mean percentage decrease in seizure threshold. 


B-CCE (5 mg per kg i.v.) administration partially reversed the 
sedative effect of the flurazepam for about 10 min after injection 
(Fig. 3). B-CCE (5 mg per kg i.v.) alone did not produce an 
increase in locomotor activity compared with rats given vehicle. 
This suggests, therefore, that the increase in activity in fluraze- 
pam-treated rats receiving -CCE resulted from an antagonism 
of the sedative effect of flurazepam. 

There have been extensive investigations of the biochemical 
and behavioural effects of both natural and synthetic B-carbo- 
lines, some of which have been shown to have convulsant or 
anticonvulsant. properties'*’®. However, of the several g- 
carbolines studied by Braestrup etal.’, only 8-CCE and methyl 
B-carboline-3-carboxylate showed high-affinity binding 
(comparable with diazepam) to the benzodiazepine receptor. 
Although, as these authors admit, it is unlikely that 8-CCE is the 
endogenous ligand, the ethyl ester group having been added 
during the isolation and purification process, they nevertheless 
suggest that it may be closely related to the endogenous 
ligand”. 

Sieghart and Karobath’® have recently demonstrated a 
heterogeneity of benzodiazepine receptors separable, after 
photoaffinity labelling, by SDS-polyacrylamide gel electro- 
phoresis into two major bands with apparent molecular weights 
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Fig. 3 The activity response of rats placed in cages on Automex. 
activity meters following pretreatment with flurazepam 
(20 mg per kg, n=4, Li), flurazepam plus vehicle (n =6, W), 
flurazepam plus -CCE (5 mg per kg i.v., n = 7, @) or saline (n = 4, 
©). Saline or flurazepam were given 15 min before the B-CCE or 
vehicle. Results show activity measured in recorded counts per min 
against time (min) after 8-CCE or vehicle. Results at 2 min show 

response in the period 1-2 min post-injection. Flurazepam plus 
B-CCE is significantly different from flurazepam plus vehicle group 
at P< 0.05 or better for the points 2-10 min inclusive. Flurazepam 
plus vehicle was at no time significantly different from flurazepam — 

alone. 


of 51,000 (Ps;,) and 55,000 (Ps;). The receptor subpopulations 2 


show a differential regional distribution, the cerebellum. - 
containing mainly Ps, and the hippocampus approximately _ 
equal amounts of Ps, and Pss. Data? showing a lower ICgq. for 
B-CCE in the cerebellum than hippocampus, indicates a greater — 





affinity of B- -CCE for the Ps, than the Pss-subtype, but this 4 


difference in affinity is probably less than one order of magni- 


tude. Such a small difference prevents a detailed interpretation © 
of experiments, such as those reported here, performed on two 
different behavioural paradigms. We can conclude that the 
B-CCE has effects opposed to the benzodiazepines, but not that 
the reversal of the flurazepam-induced sedation and the con- 
vulsant effects of 8-CCE are mediated through the same sub- 
population of benzodiazepine receptors. 
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The twitcher mouse is a mutant affected by a form of leuko- 
dystrophy which shows close similarities to human globoid cell 
(Krabbe’s) leukodystrophy. Transmission is by an autosomal 
recessive gene fwi. Progressive loss of myelin sheaths from both 
central and peripheral nervous systems and the presence of 
inclusion-laden macrophages are characteristic findings. 
Morphological features of the twitcher have been described by 
Duchen et al.'. Nerve iso- and allografting have been used to 
determine the roles of axon and Schwann cell in a number of 
mouse? and human? nerve abnormalities. Schwann cells in a 
graft proliferate and become associated with regenerating host 
axons which grow through the graft into the host distal stump. In 
the twitcher, peripheral nerve axons do not degenerate but are 
thinner than normal, although there is considerable axonal 
degeneration in the central nervous system. In 15-day-old 
mutants, inclusions have been found in Schwann cells associated 
with apparently normal myelin sheaths. Grafting experiments 
might show whether the phenotype of this mutant is fully 
expressed in the Schwann cell, or if axons are also involved. In 
previous experiments, survival of transplanted Schwann cells 
was achieved by the use of T cell-suppressed™ or nude mice“. 
We report here that a twitcher nerve transplanted in 
immunologically unsuppressed animals reproduces all the 
characteristic features of leukodystrophy and conversely that 
Schwann cells from unaffected mice can produce normal myelin 
when associated with twitcher axons. 

Myelin seems to form normally until the mice are ~15 days 
old although the myelin sheaths and axons are rather thinner 
than those of normal littermates. Later, the myelin sheaths start 
to degenerate and macrophages containing inclusions appear. 
By 3-4 weeks, peripheral nerves are macroscopically swollen; 
many axons are demyelinating or bare of myelin and others have 
thin myelin sheaths indicative of remyelination; the fibres are 
widely separated by endoneurial fluid and by large numbers of 
macrophages. There are various inclusions in macrophages and 
Schwann cells—those of particular interest are the multi- 
angular bodies and twisted tubules (Fig. 1a, b) also found in the 
human and canine forms of globoid leukodystrophy. 
Deficiency of the enzyme galactosylcerebrosidase was found in 
human cases of Krabbe’s disease“ and also more recently in the 
twitcher mouse’, establishing the validity of the mutant as a 
mode! for the human disease. 

Four twitcher litters (aged 40-45 days) were used, including 
normal and affected mice, and sciatic nerve grafts were carried 
out between littermates to limit as much as possible any 
immunological differences. Normal littermates which received 
twitcher transplants, originally used as controls, were expected 
to reject their grafts but in most cases they showed no signs of 
rejection. Grafts were also made from normal mice into 
twitchers but the life expectancy of the twitcher is so short that 
transplantation was carried out on 7-day-old littermates. At this 
age mutants were indistinguishable from their normal litter- 
mates and grafts were done at random. Successful grafts of 
normal sciatic nerves into twitcher sciatic nerves were achieved 
in two cases which survived for 35 and 37 days. 

A total of 25 animals (20 normal and 5 twitchers) were grafted 
successfully. The results of twitcher sciatic nerve transplants into 
normal recipients 1-6 months after grafting are reported as well 
as those of the reverse experiment with 35- and 37-days 


survival. To exclude the possibility of migration of Schwann cells 
from the proximal and distal stump into the transplant, two 
normal mice had the sciatic nerve severed at mid-thigh. After 
48 h, at the peak of Schwann cell mitosis'’, *H-thymidine (4.Ci 
per g body weight) was injected intraperitoneally in each 
animal. After a further 24 h the two mice received a transplant 
from a twitcher nerve. Six months after the grafting they were 
perfused and blocks from proximal and distal nerve as well 
as from the transplant were examined using phase and electron 
microscopy. 

One month after the operation the twitcher nerve transplant 
seemed to be well vascularized; many axons were myelinated 
and there was no sign of demyelination; Schwann cells contained 
no inclusions but some had abnormally watery cytoplasm with 
scattered organelles and the endoneurial space was greater than 
normal. No macrophages or inflammatory cells were seen in or 
around the graft. In the distal stump, axonal regeneration and 
remyelination followed the normal expected pattern throughout 
the experiment. In the transplant, endoneurial oedema was 
more pronounced at 2 months (Fig. 2); some fibres showed early 
demyelination and numerous axons were surrounded by only a 
Schwann cell containing myelin debris; abnormally thin myelin 





Fig.1 Electron micrographs of macrophages containing a, multi- 

angular bodies and b, tubules, some of which appear twisted. 

Similar inclusions are also found in human and canine globoid cell 

leukodystrophy and are considered to be characteristic of the 
disease. a x 19,000; b x 36,000. 
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Fig. 2 One-ym Araldite sections of: a, the normal proximal 

region; b, the twitcher graft; and c, the distal stump 2 months after 

transplantation. The graft is almost double the size of the proximal 

nerve due to the increased cellularity, severe endoneurial oedema 
and abundant collagen. a, b, c x 90. 


sheaths were indicative of remyelination (Fig. 3a, 6). Twisted 
tubules, multi-angular bodies and other inclusions were seen in 
Schwann cells and macrophages. 

At 3, 4 and 5 months some demyelinated axons were still 
present, but most were surrounded by apparently normal 
myelin and only a few Schwann cells contained myelin debris 
and specific inclusions. At 6 months many fibres appeared 
normal although the myelin sheath thickness was not compar- 
able with the fibres in the normal distal stump. However, at each 
interval some features characteristic of the twitcher were still 
present; these comprised specific inclusions in Schwann cells and 
in macrophages, an occasional demyelinated axon and some 
endoneurial oedema (Fig. 4a, b). Autoradiographic studies 
confirmed the presence of labelled Schwann cell nuclei in the 
distal stump but no labelled cells were found in the transplant. 
The normal nerve grafted into the twitcher sciatic nerve showed 
the opposite trend, with larger myelinated fibres in the trans- 
plant than in the proximal or distal stump. These grafted nerve 
fibres appeared quite normal and there was no evidence of any 
of the other pathological features found in the twitcher host. 

These experiments show that a twitcher nerve transplanted 
into a normal recipient reproduces all the characteristic features 
of leukodystrophy and, conversely, that Schwann cells from 
unaffected mice can produce normal myelin when associated 
with twitcher axons. It can be concluded, as in analogous studies 
by Aguayo ef al.*’, that donor Schwann cells are able to 


Fig.3 Electron micrographs showing a, the transplanted twitcher 
nerve and b, the distal stump after 2 months. In the twitcher nerve, 
one fibre is demyelinating and several are completely demyel- 


inated. In a few fibres myelin appears normal. Fibres are widely 
separated by endoneurial oedema, excess collagen and macro- 
phages. «1,500. 





Fig.4 Electron micrographs showing a, the transplanted twitcher 
nerve and b, the distal stump after 6 months. Several myelinated 
fibres are seen with sheaths thinner than those in the distal stump. 
Also visible are several inclusions in Schwann cells, a demyelinat- 
ing and a thinly remyelinating fibre. The structures are more widely 
separated than those in the distal stump. «1,500, 
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repreduce an abnormality in a normal host, in association with 
normal axons. The twitcher axon has no apparent role in the 
development of the myelin sheath abnormality. Repopulation of 
the graft by Schwann cells from the host can be excluded on 
three grounds: (1) even after 6 months some specific abnor- 
malities and abnormal myelin sheath parameters were found in 
the twitcher nerve grafted into a normal nerve; (2) there were 
neither specific inclusions nor abnormal Schwann cells and 
macrophages in the 37-day normal nerve transplanted into the 
twitcher; (3) there was no autoradiographic evidence of 
Schwann cell migration. 

A puzzling feature was the apparent improvement towards a 
more normal situation in the 3-6-month grafts, which raises the 
question of the possible entry into the graft of enzyme from the 
normal host. A transitory improvement has been claimed by 
some authors in cases of Gaucher’s disease (another enzyme 
deficiency condition) after transplantation of a normal spleen'' 
and kidney’’. 
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The absence of rejection of the transplant without 
immunosuppressive treatment is unusual and does not agree 
with previous findings’. It is known that a nerve transplant 
kept viable by anti-lymphocyte serum is quickly rejected when 
treatment is withdrawn’. The twitcher gene is maintained in a 
non-inbred strain’ and tolerance of grafts would not be ex- 
pected. The number of successful grafts in our experiment was 
too high to be accounted for by the random selection of immuno- 
logically matched littermates. Furthermore, a hypothetical 
immunological deficit in homozygous twitchers would not 
explain why littermates too, accept the grafts. It is possible that, 
although the close kinship plays a part, the non-inbred strain in 
which twitcher is maintained is of low immunological respon- 
siveness’. 
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Functional nuclei of LPS-nonresponder 
C3H/HeJ mice after transfer into LPS- 
responder C3H/HeN cells by cell fusion 
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Splenic lymphocytes of C3H/HeJ mice are defective in 
responding to the mitogenic activity of bacterial lipopolysac- 
charide (LPS)'~, which has been attributed to a mutation at a 
single gene locus on chromosome 4 (ref. 5). It was suggested that 
C3H/HeJ mice lack a cell-surface receptor necessary for LPS 
recognition®’. However, specific binding of '*“I-labelled lipid-A 
of LPS to B cells was found to be equivalent in LPS-responder 
and LPS-nonresponder C3H/HeJ, C57BL/10 ScCR and 
C57BL/10 ScN mice’. This suggests that the genetic defect in 
C3H/HeJ mice is related to triggering mechanisms rather than 
to LPS binding. We recently established a method for separating 
mouse splenic lymphocytes into karyoplasts (minicells) and 
cytoplasts (enucleated cells) with high purity’. This method 
makes possible the exchange of nuclei from one type of 
lymphocyte to another. In the present study, karyoplasts were 
purified from LPS-nonresponder C3H/HeJ mice and trans- 
ferred to mitomycin C-treated or X ray-irradiated splenic 
lymphocytes taken from LPS-responder C3H/HeN mice by 
fusion with polyethyleneglycol. These reconstituted hybrid cells 
could respond to LPS, suggesting that nuclei from C3H/HeJ 
mice could be activated by LPS if proper signals were provided 
from cell-surface receptors. Moreover, responsiveness to 
concanavalin A (Con A) of mitomycin C-treated or X ray- 
irradiated lymphocytes was also recovered by the microinjection 
of karyoplasts from untreated lymphocytes. 

Cytochalasin B is known to induce enucleation of cell 
monolayers through centrifugation without inhibition of pro- 
tein, RNA or DNA synthesis. Furthermore, the effects of this 


drug on the cell mobility, cell form or permeability are readily 
reversible if it is removed. Enucleation can also be carried out 
with mouse L cells in suspension by centrifugation in Ficoll 
density gradients containing cytochalasin B’°. We applied the 
enucleation method with Ficoll density gradient centrifugation 
to normal murine lymphocytes (see Table 1 legend; ref. 9). 
Enucleation occurred almost completely after centrifugation of 
splenic lymphocytes in Ficoll gradients containing cytochalasin 
B. Karyoplasts (minicells) were further purified by 1g velocity 
sedimentation in gradients of bovine serum albumin. After these 
procedures, staining with May—Giemsa’s solution revealed that 
contamination of cytoplasts in this fraction was <1% and no 
intact cells were observed. Purity of karyoplasts was also 
examined by measuring protein and DNA contents as well as 
synthesis of protein, RNA and DNA after stimulation with 
mitogen (LPS, Con A). 

In the present study, karyoplasts were prepared from LPS- 
nonresponder C3H/HeJ (HeJ) mice by the above method and 
fused to mitomycin C-treated spleen cells of responder strain 
C3H/HeN (HeN), Fusion was achieved with 50% polyethylene 
glycol containing poly-L-arginine. The addition of poly-L- 
arginine greatly enhanced the fusion efficiency and ~ 10-20% of 
splenic lymphocytes were found to contain two nuclei. Viability 
of cells was the same before and after fusion. Neither spleen cells 
nor karyoplasts obtained from HeJ mice responded to LPS in 
the range 1-100 ug ml’ (Table 1). Mitomycin C-treated HeN 
spleen cells fused with HeJ karyoplasts showed a strong DNA 
synthetic response to LPS whereas mitomycin C-treated cells or 
HeJ karyoplasts did not. Peak responses to LPS were seen on 
day 3 with fused and intact cells (data not shown). Mitomycin 
C-treated HeJ cells fused with HeJ karyoplasts showed no LPS 
mitogenic response, but they responded to Con A. In simple 
mixtures of mitomycin C-treated HeN spleen cells and HeJ 
karyoplasts, LPS responses were not observed. 

In subsequent experiments, we used irradiated (1,200 rad) 
spleen cells as recipients instead of mitomycin C-treated cells— 
similar results were obtained (Fig. 1). Reconstitution of irradi- 
ated HeN spleen cells with HeJ nuclei by polyethylene glycol- 
mediated fusion resulted in a significant DNA synthetic 
response to LPS. This did not occur when HeJ karyoplasts were 
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inactivated by irradiation before transfer into irradiated HeN 
cells, suggesting that DNA synthesis in the fused cells was due to 
the injected HeJ nuclei rather than the host HeN cell nuclei. 
Fusion of nontreated HeJ cells with HeN karyoplasts did not 
restore LPS responsiveness although such cells showed strong 
responses to Con A. These data suggest that microinjection of 
nuclei into cells whose own nuclei are inactivated restores DNA 
synthetic responses to various mitogens and that the nuclei of 
nonresponder strain HeJ can respond normally to LPS if stimu- 
latory signals from cell-surface receptors are appropriate. 

The C3H/HeJ defect in LPS responsiveness has been attri- 
buted to a mutation of a single gene on chromosome 4 which 
maps close to the Mup-1 gene’'. Two contradictory explana- 
tions of this abnormality have been suggested—one that the 
mice lack suitable cell-surface receptor which is deficient in all 
LPS-nonresponder strains” and the other that the LPS 
triggering signal(s) is not properly transferred from cell-surface 
receptors to the nuclei. The latter hypothesis is based on the 
findings that '°*I-labelled lipid-A of LPS bound equally well to 
the cell surfaces of responder and nonresponder mice. Another 
possibility is that abnormal events occur in the nucleus in 
response to this particular mitogen in C3H/HeJ mice. In the 
present study we found that LPS nonresponsiveness is attribut- 
able to cell-surface or cytoplasmic events and that nuclei are 
functionally intact in this nonresponder strain, 
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Fig. 1. Restoration of LPS responsiveness of irradiated 

C3H/HeN spleen cells by cell fusion. Preparations were made as 

described in Table 1 legend except that HeN or HeJ cells were 
inactivated by X-ray irradiation (1,200 rad) before fusion. 


Since Carter reported"? that the mould metabolite cyto- 
chalasin B caused nuclear extrusion of mouse L cells, this drug 
has been utilized to obtain large numbers of enucleated cells 
(cytoplasts) and minicells (karyoplasts). However, the methods 
have been generally limited to the cells, mainly cytoplasts, that 
adhere to glass or plastic coverslips after centrifugation. Wigler 
and Weinstein’? modified this enucleation method for use with 
mouse L cells in suspension. We demonstrated that separation 
of normal splenic lymphocytes into cytoplasts and karyoplasts 
without affecting cell viability, cell form and cell metabolism was 
possible using cytochalasin B in Ficoll gradients (Table 1). With 
our method, large numbers of pure karyoplasts are obtainable 
from normal splenic lymphocytes. 

Fusion with polyethylene glycol'* has been extensively used 
for hybridization of lymphocytes and especially for monoclonal 
antibody-producing hybridomas or T-cell hybridomas ‘*~*°. We 
have shown here that combining polyethylene glycol with poly- 
L-arginine makes possible with high efficiency the fusion of 





Table 1 Restoration of mitogenic response in mytomycin C-Treated 
C3H/HeN (HeN) spleen cells after fusion with karyoplasts obtained from 
C3H/HeJ (HeJ) spleen cells 
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Mitogen 
LPS ConA 
Responding cells None ($0 wg mI?) (5 wg ml’) 
C3H/HeN §,653+1,122* 98,570412,682 34,193+%7,563 
C3H/Hel 6,025 + 1,002 4,796 + 310 93,029 + 9,694 
MMC-C3H/HeN 320+ 135 1,804 + 85 6043 
MMC-C3H/HeJ 337+ 196 254248 107+ 38 
C3H/HeJ karyoplasts 193+ 28 218+ 28 185411 
Hybrid celis 
MMC-HeN + 
HeJ karyoplasts 6,58641,232 72,74948,738 57,164 + 5,267 
MMC-HeJ + 
HeJ karyoplasts 944 +152 737+ 111 $4,828 + 20,383 





Mouse spleen cells (1 10% cells, viability >90%) treated with ammonium 
chloride to remove erythrocytes were suspended in 3m] of Eagle’s minimal 
essential medium (MEM) and layered on Ficoll-400 (Pharmacia) gradients (dis- 
continuous gradients of 12.5, 15, 16, 17 and 25%) in Eagle’s MEM containing 
10 pg mi”! of cytochalasin B (Aldrich Biochemicals) and 0.5% dimethyl sulphox- 
ide (Sigma) in cellulose nitrate tubes. Ficoll gradients were sterilized by autoclav- 
ing. Cells were centrifuged for 70 min at 23,000 r.p.m. at 31°C with a Beckman 
SW-27 swinging bucket rotor in L5-65B ultracentrifuge. After centrifugation, 
cells in the 17-25% Ficoll fractions were collected and washed twice with 10 vol of 
MEM by centrifugation at 2,000 r.p.m. for 5 min. More than 95% of the cells in 
this fraction were karyoplasts and these were further purihen by ig velocity 
sedimentation using bovine serum albumin gradients (0.5~2% in phosphate- 
buffered saline). After fractionation with 1g sedimentation, highly purified kary- 
oplasts were obtained (>99% of cells were karyoplasts). Spleen cells were treated 
with 40 pg mi”! of mitomycin C (MMC) for 40 min at 37 °C before cell fusion or 
culture. MMC~treated spleen cells (1x 10° ml”) were mixed wtih karyoplasts 
(1x 10’ mi) in Eagle's MEM. The mixtures were centrifuged for 5 min at 
1,500 r.p.m. in conical tubes (Falcon no, 2095), the supernatant throughly 
removed, and three drops of 50% polyethylene glycol (Koch-light MW 6,000) in 
Eagle's MEM containing 10% dimethyl sulphoxide and 5 yg ml"! of poly-1- 
arginine (Sigma) were added to the cell pellet. The tubes were gently rotated for 
1 min at room temperature and the reaction stopped by adding 10 ml of pre- 
warmed Eagle’ s MEM. Cells were washed with MEM at room temperature and 
suspended in RPMI-1640 medium containing 10% fetal calf serum and 2 mM 

L-glutamine. Spleen cells (2 x 10° per well), karyoplasts (1 x 10° per well) or cells 
containing the hybrids (2 x 10° per well) were cultured in the presence or absence 
of mitogen for 72h and pulsed with 0.5 pCi of “Heth midine for the last 4h. 
Bacterial LPS was Salmonella typhosa. W0901(Difeo); Con A was from Sigma. 
Simple mixtures of MMC-treated HeN spleen cells and HeJ karyoplasts showed 
only marginal responses to LPS or Con Av ‘MMC-treated HeN cells treated with 
polyethylene glycol in the same manner did not respond to the above mitogen (data 
not shown). 

* Mean +s.d. (¢.p.m.). 










normal lymphocytes with karyoplasts. This simple r | 
transferring intact nuclei from lymphocytes to-ini ee 
recipient cells could be useful for studying subcellular events in es! 
lymphoid differentiation and contribute to our understanding of 
certain immunological disorders. 

We acknowledge the suggestion of Dr T. Sekiguchi to use 
poly-L-arginine for cell fusion and helpful discussions with Dr 
Paul W. Kincade. This work was supported in part by grants 
from the Ministry of Education, Science and Culture, and from 
the Ministry of Health and Welfare, Japan. 


Received 20 October; accepted 16 December 1980, 


. Sulzer, B. M. Infect. Immun. $, 107-113 (1972). 

. Watson, J. & Riblet, R. J. exp. Med. 140, 1147-1161 (1974), 

. Coutinho, A., Moller, G. & Gronowiez, E. J. exp. Med. 142, 253-260 (1975), 

. Glode, L. M., Sher, 1, Osborne, B. & Rosenstreich, D. L. J. Immun. 116, 454-461 (1976). 
. Watson, J., Riblet, R. & Taylor, B. A. J. Immun. 118, 2088-2093 (1977). 

. Forni, L. & Coutinho, A. Eur. J. Immun. 8, 56-62 (1978). 

. Coutinho, A., Forni, L. & Watanabe, T. Eur. J. Immun. 8, 63-67 (1978). 

. Gregry, S. H., Zimmerman, D. H. & Kern, M. J. Imman. 128, 102-107 (1980), 

. Ohara, 1., Sekiguchi, T. & Watanabe, T. (in preparation). 

10. Wigler, M. H. & Weinstein, 1. B. Biochem. biophys. Res. Commun. 63, 669-674 {1978), 
11. Watson, J., Kelly, K., Largen, M. & Taylor, B. A, J. Immun., 120, 422-424 (1978). 

12. Carter, S. B. Nature 213, 261-264 (1967). 

13. Pontecorrvo, G. Somat. Ceil Genet. 1, 394-400 (19758). 

14. Kohler, G. & Milstein, C. Nature 286, 495-497 (1975), 

15. Melchers, F., Potter, M. & Warner, N. L. (eds) Curr. Topics Microbiol. Immun, 81 (1978). 
16. Kennett, R. H., Mckearn, T. J. & Bechtol, K. B. (eds} Monocional Antibodies (Plenum, New 
York, 1980). 


SO OG +1 OF un me Ws fo me 


tenner memes r r A E a emaa 


Nature Vol. 290 5 March 1981 








B-cell activation by 
helper cells is a two-step process 
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Recent methods for assaying helper activity and cooperative 
induction of B cells allow for the specific interactions of large 
populations of lymphocytes in culture’’. These assays, which do 
not select for combining-site specificity of the responding B 
cells, were used to investigate the precise roles of direct cellular 
recognition and soluble mediators in the process by which 
specific T-helper cells stimulate resting B cells into clonal 
expansion and maturation to immunoglobulin secretion. We 
report here results demonstrating that helper cells perform two 
distinct functions in the process of B-cell activation: (1) on direct 
recognition of antigen (and restricting elements) on B-cell 
surfaces, helper cells induce, in a short time, target B-cell 
reactivity to soluble growth factors; (2) on functional recog- 
nition of antigen on ‘stimulator’ cells, helper cells also parti- 
cipate in the production of nonspecific growth factors competent 
to induce proliferation and maturation in those B cells that have 
been ‘activated’ by direct interaction. Either of these two steps 
alone is not sufficient to induce proliferation and maturation of 
resting B lymphocytes. 

Co-culture of helper T cells specific for B-cell surface antigens 
with ‘target’ spleen cells leads to activation of large numbers of B 
cells that can be detected in a polyclonal plaque assay’. Anti- 
genic spleen cells function in this assay as ‘stimulators’ of nelper 
cell activation and, in addition, the B-cell compartment of such 
stimulators initiates clonal expansion and maturation. As the 
stimulator function of spleen cells, in contrast to the B-cell 
responses, is radiation resistant’, ‘bystander’ experiments can be 
performed to determine whether or not B-cell activation by 
helper cells requires direct cell-to-cell contact. Figure 1 shows 
the results of an experiment demonstrating that bystander, 
resting B cells are not activated. C3H/HelJ helper cells specific 
for ‘minor’ antigens of the C3H/Tif substrain’ activate C3H B 
cells very efficiently but fail to respond to, or to activate, spleen 
cells of the H~2-compatible B10.Br strain. When the two types 
of target cells are mixed in the same culture, in which helper-cell 
responses are ensured by irradiated stimulator cells’, B10.Br B 
cells are not activated at any effector helper/target B-cell ratio. 
From this finding, which has also been obtained in a completely 
syngeneic system using hapten-specific helper cells*, we 
conclude that successful collaboration requires direct T~B-cell 
interactions. 

The apparent requirement for direct cell interactions in 
cooperative B-cell activation was difficult to reconcile with the 
many reports that soluble helper factors are released on T-cell 
activation, as these would be expected to be generated in situ by 
T-cell recognition of the appropriate stimulator cells. The above 
results indicate that such factors are not competent to initiate the 
response of resting B cells. 

Schreier et al. have recently reported that media conditioned 
by activated helper cells can maintain mitogen-derived blasts, 
but not resting B cells, in exponential growth’. To assess the 
generation of such B-cell growth factors in our cultures, we 
repeated the above experiments using lipopolysaccharide 
(LPS)-activated B-cell blasts as bystander cells. As shown in Fig. 
2, activation of helper cells by the irradiated stimulator cells 
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Fig.1 The helper activity of C3H/HeJ anti-C3H/Tif helper cells, 
prepared as described elsewhere’ by in vivo priming and in vitro 
enrichment for 4 weeks, was tested by mixing the indicated 
numbers with 3 x 10° target C3H/Tif (A) spleen cells in 0.2-ml 
cultures in RPMI-1640 medium supplemented with 2-mercap- 
toethanol and 10% fetal calf serum’. In parallel cultures helper 
cells were titrated into mixtures of 3 x 10° bystander B10.Br small 
spleen cells purified by density gradient centrifugation, with the 
same numbers of irradiated (3,300 rad) C3H/Tif spleen cells (@). 
The IgM-secreting plaque-forming cell (PFC) responses were 
determined in the protein A plaque assay” 5 days later. Control 
responses of the same spleen cells to the B-cell mitogen LPS are 
also shown. Helper cells incubated with resting B10.Br spleen cells 
alone induce no response (W)'. 


does result in the generation of factors that maintain exponential 
growth and maturation in unrelated B-cell blasts. 

Taken together, these results suggest that helper T cells, in 
addition to their role in the production of soluble nonspecific 
growth factors, also induce in resting B lymphocytes a state of 
responsiveness to those growth factors. This first step in the 
induction process could presumably explain the requirement for 
direct interactions. However, this model could only be 
confirmed by showing that the initial contact of resting B cells 
with specific helper cells could induce the ‘transition’ in the 
reactivity of the responding B cells to growth factors. In fact, the 
experiments with mitogen-derived B-cell blasts give no 
information on the initiation of helper cell-dependent induction. 

To investigate these possibilities, trinitrophenyl (TNP)- 
derivatized BALB/c spleen cells were incubated for 48 h with 
specific BALB/c anti-TNP-BALB helper cells’. These cultures 
were then depleted of T cells and the B-cell blasts originating 
from this initial T-B-cell interaction were purified and added as 
bystander cells to cultures where B10.Br anti-NP-B10.Br 
helper cells were stimulated by the appropriate (NP-self) 
irradiated spleen cells. As shown in Fig. 3, B-cell blasts activated 
by the cooperative interaction maintain exponential growth and 
maturation if unrelated T-helper cell activity takes place in the 
same culture. Bystander blast responses, however, strictly 
require concomitant, though unrelated, activation of helper 
cells, as there is no growth in cultures where all these cell 
populations were also present but the irradiated B10.Br stimu- 
lator cells were not hapten-derivatized. This control excludes 
‘background’ activation of blasts, as well as direct interaction of 
NP-specific B10.Br helper cells with the BALB/c B-cell blasts. 
Our results demonstrate that initial T-B-cell interactions result 
in the acquisition of responsiveness to soluble nonspecific 
growth factors by the activated B cells. In addition, they show 
that B cells ‘poised’ to respond require additional soluble factors 
to initiate and/or maintain exponential growth. 

Cooperative B-cell responses can therefore be separated into 
two distinct phases of which only the initiation requires direct 
contact with specific helper cells, whereas expansion is mediated 
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by soluble B-cell growth factors generated independently by 
helper cell interaction with competent antigen-presenting cells. 
It remains to be investigated whether the same helper cell is 
competent at the two different response levels, or whether 
functionally distinct T-cell subsets are involved in the initiation 
and expansion of B-cell responses. The cellular origin of B-cell 
growth factors, and their molecular characteristics are also 
unknown. On the other hand, previous experiments in this 
system have confirmed, with one exception’, the strict major 
histocompatibility complex restriction of the direct helper cell- 
B cell interactions’, regardless of the nature of the B-cell 
antigens recognized. It seems, therefore, that I-A- or I-E (C)- 
encoded’ structures on B-cell surfaces are the receptors for the 
helper cell signals resulting in the transition to responsiveness to 
B-cell growth factor. As the present experiments were per- 
formed in the absence of antigen recognition by the responding 
B cells whereas activation required specific antigen recognition 
by helper cells on B-cell surfaces, we suggest that the only role of 
antigen recognition (mmunoglobulin-receptor binding) by B 
cells is that of making the antigen available on specific B-cell 
surfaces for T-helper cell recognition, thereby ensuring direct 
interaction and Ia-mediated induction’. These results agree with 
those demonstrating the necessity for specific helper cells and 
the failure to substitute for them with soluble factors in the 
response to protein antigens*” 

Classical observations, such as the requirements for ‘linked 
recognition’ of hapten—carrier conjugates and for the presence 
of more than one antigenic determinant in immunogenic mole- 
cules'”"? as well as the unidirectionality of the allogeneic effect 
in vivo’*'? can also be explained by this model. More recent 
results demonstrating the I restriction of T-B-cell inter- 
actions’ * and the tendency to ‘monogamy’ of specific helper 
cells’ also fit in with the present schematic framework. 

In contrast, the classical bystander experiments of Hart- 
mann’’, Schimp! and Wecker'® and Dutton et al. are in 
apparent contradiction with the present model. As pointed out 
by others®’, however, the in vitro responses to sheep eryth- 
rocytes are the exception rather than the rule in their lack of 
requirement for specific helper cells. In vive experiments show 
no bystander effects and the responses require direct recognition 
of antigen by helper cells on B-cell surfaces'*°. The in vitro 
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Fig.2 B10.Br in B-cell blasts, purified by density gradient centri- 
fugation™ after 48 h of LPS stimulation were recultured (3 107 

per culture) either alone (filled symbols) or with 3 x 10° irradiated 
(3,300 rad) C3H/Tif spleen cells (open symbols). Both types of 
cultures were stimulated with either LPS (A, A) 10° C3H/HeJ 
anti-C3H/Tif helper cells (3, W), prepared as described in Fig. 1 
legend, or left untreated (O, @). The IgM PFC responses were 

determined at the indicated times. 
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Fig.3 Specific BALB/c anti-TNP BALB/c and B10.Br anti-NP 
B10.Br helper cells used in these experiments were obtained as 
summarized in Fig. 1 legend, and previously described in detail, by 
immunization with BALB/c spleen cells derivatized with TNP or 
B10.Br spleen cells coupled with NP”, respectively. In a first 
culture, TNP-derivatized BALB/c small spleen cells, purified by 
density gradient centrifugation, were incubated with BALB/c 
anti-TNP BALB/c-specific helper cells at a 3:1 ratio. After 48 h, 
B-cell blasts were isolated from this culture by density gradient 
centrifugation, followed by treatment with anti-Thy-1 antibodies 
and complement, and used in the test cultures shown. These 
contained B10.Br anti-B10.Br-NP helper cells that were cultured 
at the indicated concentrations with 3 x 10° non-irradiated, non- 
derivatized (W) or NP-derivatized (A) B10.Br spleen cells. Parallel 
cultures of helper cells were stimulated with the same number of 
irradiated (3,300 rad) B10.Br spleen cells, either normal (@) or 
NP-derivatized (#) and also received 3x 10* purified BALB/c 
B-cell blasts isolated from the first culture. The IgM PFC responses 
were measured on day 4 of culture. Open symbols represent 
numbers of IgM PFC observed in each type of spleen cell culture, in 
the absence of helper cells. No PFC responses were observed in 
mixed cultures of helper cells with irradiated B10.Br spleen cells, 
either normal or NP-derivatized {not shown). 


bystander effects can be made compatible with the present 
model by attributing the exceptional behaviour of sheep eryth- 
rocytes to their ability to induce, i in resting B cells, the transition 
in reactivity to growth factors”*~ 
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It is now well established that in the mouse, helper T cells and 
killer T cells are two distinct thymus-derived lymphocyte sub- 
populations, differing from each other in Lyt phenotype and 
H-2 restriction, among other parameters. Helper T cells are 
Lyt-1* and their action in immune responses involves restriction 
at the H-21 region of the major histocompatibility complex 
(MHC)'”, Killer cells, on the other hand, are Lyt-23* and their 
activity is restricted by H-2K/D (refs 1, 3). In most instances, T 
cells mediating delayed-type hypersensitivity (DTH) responses 
share the Lyt phenotype and H-2 restriction of the helper T 
cell*”. This raises the question of whether or not helper activity 
and DTH can be mediated by the same activated T cell. 
Arguments for both views have been reported™™. We analysed 
this question using clones of specific helper T cells, which were 
obtained by long-term culture in vitro of in vive primed T cells, 
followed by single-cell cloning’***. Here we show that these 
clones of helper T cells mediate antigen-specific and fully H-2- 
restricted DTH. The restricting element lies to the left of the I-B 
region in genetic maps of the mouse MHC, 

Long-term cultured, cloned and subcloned sheep or horse red 
blood cell-specific helper T cells (Tgrc, Ture respectively), 
which have been maintained for 5-24 months in culture and 
previously shown to function as helper T cells in vitro™™™ and in 
vivo‘, were examined for DTH activity. This DTH respon- 
siveness was assayed by means of the immune lymphocyte 
transfer assay’. As few as 1,000 cloned helper T cells, injected 
together with SRC into syngeneic recipients, caused a significant 
DTH response which increased in severity as the dose of T cells 
increased (Fig. 1). In comparison with in vivo activated lymph 
node cells, the cloned helper T cells were far more effective on a 
per cell basis. At least 10° times more in vivo activated cells were 
required to induce a response of similar magnitude (Fig. 1, 
right). As controls, the other footpad of the mice was injected 
with cloned helper T cells without antigen or with an irrelevant 
antigen—in neither case was a DTH response induced. DTH 
responses were mediated equally well by other clones of Tsrc 
and Tire and by four different clones of egg albumin-specific 
helper T cells when injected together with the relevant antigen. 

The H-2 restriction of cellular interactions involved in DTH 
responses’’ was examined using a clone of Tac and a subclone 
of Thre. Absolute H-2 restriction was observed in both 
instances. Results obtained with Tire (clone 26-14) are shown 
in Fig. 2. The C57BL/6J-derived cloned helper T cells mediated 
DTH responses only in the C57BL/6J and B10.A(5R) 
recipients. B10.HTT mice (incompatible with C57BL/6J mice 
for the whole H-2 complex) and B10.A(4R) mice (incompatible 
at H~2K and I-A) did not show any DTH reactivity on injection 
of the cloned helper T cells plus antigen. It should be stressed 
that this result was found after transfer of 3.3 x 10* viable T cells, 
which is about 30 times the number of cells required to induce a 
significant response in a syngeneic combination. This result 
shows that the T cell-macrophage interactions which underlie 
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these DTH responses” are restricted by either H-2K or I-A. 
Appropriate congeneic strains were not available at the time of 
these experiments for distinguishing between K- or I~A-region 
restriction. However, the action of helper T cells in immune 
responses in vivo has been demonstrated to involve restriction 
only at I-A’. 

The antigen-specific and H-2-restricted induction of DTH 
response with cloned helper T cells in normal mice does not 
exclude the participation of host T cells at the effector level. We 
have therefore tested the DTH response induced by cloned 
helper T cells in congeneic nu/nu mice (Fig. 2). The DTH 
response in these T cell-deficient animals showed the same 
kinetics as and was of similar magnitude to that observed in 
thymus-bearing, I-A-compatible mice. This result indicates that 
host T cells are not essential for the response and that the cloned 
helper T cells are the DTH effector cells. 

Many investigations have attempted to establish the relation- 
ship between helper T cells and DTH effector cells” ’*. Although 
some studies pointed to an inverse relationship between the in 
vive occurrence of activated helper T cells and DTH effector 
cells®"!°, others have found that helper activity and DTH can 
coincide'''?, These experiments were carried out with uncloned 
T-cell populations and failed to prove that both responses can be 
mediated by the same cell. However, our experiments show 
unequivocally that helper T cells can mediate DTH responses 
which were observed not only in the local immune lymphocyte 
transfer assay, but also after intravenous injection of these cells. 
Mice infused with 1-3 x 10° cloned helper T cells responded to 
antigen challenge to the hind footpad with a smaller but 
significant DTH response. This requirement for much higher 
numbers of cells may be due to changes in recirculation and 
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Fig. 1 DTH sensitivity by different numbers of long-term 
cultured C57BL/6J-derived, SRC-specific helper T cells (clone 
§26-14) (left), and by different numbers of lymph node cells which 
were activated in vivo by subcutaneous immunization of 
C57BL/6J mice with 2x10° SRC (right). The celis to be tested 
were injected together with 5 x 10’ SRC in a volume of 50 ul into 
the instep of the right hind leg of CS57BL/6J female mice (Institut 
fiir Biologisch-Medizinische Forschung AG). Recipient mice 
injected with cloned SRC-specific helper T cells plus SRC in the 
right hind leg received the same number of HRC-specific helper T 
cells (subclone 18-33-3) together with 5 x 10’ SRC in the left hind 
leg. Recipient mice which received in vivo activated lymph node 
cells plus SRC in the right hind leg received the same number of 
non-activated lymph node cells and 5 x 10’ SRC in the left hind leg. 
At 24 h after injection the thickness of the hind feet was measured. 
DTH responses are expressed as the specific % increase in foot 
thickness, and were calculated as (thickness right foot — thickness 
left foot)/thickness left foot x 100%. Horizontal bars represent 1 
s.e.m. (1 =7), ND, not determined. *, The establishment and 
maintenance of the long-term cultured specific helper T cells has 
been described previously” “15 +, The activated lymph node cells 
were obtained by collecting the inguinal and axillary lymph nodes 
of C57BL/6J mice 4 days after subcutaneous immunization with 
2x10’ SRC, equally distributed over the inguinal and axillary 
areas. The non-activated lymph node cells were obtained from 
naive C57BL/6]J mice. 
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Fig. 2 DTH reactivity mediated 
by cloned SRC-specific helper T 
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homing properties brought about by long-term in vitro pro- 
pagation. Similar observations were made in clonally recon- 
stituted nu/nu mice where 1-5 x 10° of the same cloned helper 
T cells were required to induce specific antibody responses 
comparable with or higher than those observed in thymus- 
bearing mice”. 

Obviously, our results do not argue against the possibility that 
T cells other than helper T cells may also mediate DTH reac- 
tivity. Several studies have shown that DTH to allogeneic cells 
can be transferred by Ly-2* cells” and that contact sensitivity 
to dinitrofluorobenzene’ and DTH to non-H-2 alloantigens" 
and viral antigens’? can be H-2K/D restricted. Indeed, it has 
been reported that T cells mediating DTH and cytotoxic T cells 
could not be separated by size, density or antigen-binding 
properties”. 

The clones of helper T cells used for these studies have been 
shown to release several biologically active mediators, the 
induction of which is strictly antigen specific and H-2 
restricted’?*7""??_ So far, factors affecting B-cell?'*? and T- 
cell'’* growth and in vitro colony formation by granulocytic, 
macrophage and erythroid precursor cells” have been dis- 
cerned. Soluble factors have been indicated in the induction of 
the DTH lesion”. Histologically, the DTH response mediated 
by cloned helper T cells in nu/nu and normal mice was indis- 
tinguishable from other Jones~Mote-type DTH responses. The 
nature of the cellular infiltration strongly indicates the release of 
chemotactic factors. Clones of helper T cells may help to 
characterize these activities. In addition, the DTH response is 
the most rapid assay to date for screening cloned and uncloned 
helper T cells for specificity and H-2 restricted activity. The 
assay is as sensitive and reproducible as the in vitro assay for 
specific helper activity. Moreover, the cellular nature of the 
I--A-bearing, antigen-presenting cells may be identified by their 
simultaneous injection with helper T cells into I-A-incom- 
patible hosts. 

We thank Drs K. Fischer-Lindahl and H. v. Boehmer for their 
critical reading of the manuscript. The Basel Institute for 
Immunology was founded and is supported by F. Hoffmann- 
LaRoche and Co. Ltd. 
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The selective control of gene expression results in diversified 
morphology and physiological function. Understanding the 
expression of differentiated function in molecular terms requires 
detailed characterization of the regulation of mRNA synthesis 
and catabolism. Although considerable emphasis has been 
placed on transcriptional control, the discovery of HnRNA and 
‘split genes’ gives rise to the possibility of post-transcriptional 
regulation at the level of processing of nuclear precursors’”. A 
rat calcitonin-producing medullary thyroid carcinoma (MTC) 
line was used as a model for definition of certain aspects in 
regulation of gene expression. Serial transplantation of several 
rat MTC lines containing and secreting large amounts of cal- 
citonin generated tumours in which calcitonin biosynthesis was 
decreased more than 10-fold. We report here that the con- 
version from a ‘high’ to a ‘low’ calcitonin producing state is 
associated with specific modifications of the calcitonin mRNA 
synthetic pathway and a consequence of these changes seems to 
be the production of a new cytoplasmic mRNA. 
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Yariation in calcitonin biosynthesis typifies a frequent 
event in many hormone-producing tumours characterized by a 
spontaneous reduction in synthesis of a particular hormone, 
often in association with the appearance of new and frequently 
predictable hormones’. Thyroid ‘C’-cell hyperplasia and ulti- 
mate development of MTCs occurs in 10-40% of older rats*. 
Production of calcitonin by these tumours may decrease spon- 
taneously during a single transplantation or following reintro- 
duction of primary culture cells, or gradually during serial 
transplantation, from the usual 1.5-4.5% of total protein to 
<0.3% of total protein’. The direction of change is charac- 
teristically from high to low calcitonin production. Immuno- 
histochemical staining with specific calcitonin antisera reveals 
that ~95% of the cells in high-producer tumours and <5% of 
cells in low-producer tumours are calcitonin positive. The con- 
version to low calcitonin production is frequently accompanied 
by increased production of somatostatin’. These tumours also 
produce other polypeptide hormones’. 

Characterization of rat calcitonin mRNA has allowed detailed 
analysis of calcitonin biosynthesis. mRNA from MTCs pro- 
grammes the cell-free synthesis of a calcitonin precursor peptide 
of molecular weight (MW) 17,500 (ref. 8) (alternatively esti- 
mated as 15,000 (ref. 9)) and a less prevalent product of MW 
18,800 (ref. 8). DNA sequence analysis of a chimaeric plasmid 
containing DNA complementary to calcitonin mRNA 
establishes that the 32-amino acid calcitonin sequence is 
encoded in the 3'-proximal portion of the mRNA’®. Using this 
clone as probe, normal rat thyroid and high-producer rat MTCs 
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Fig. 1 Analysis of RNA species hybridizing to calcitonin cDNA. 
Poly(A)-rich RNA was prepared as described elsewhere”? from 
high- and low-producer tumours. Aliquots were denatured by 
reaction with glyoxal'* and electrophoresed on 1.5% agarose slab 
gels using 36 mM Tris-HCl] (pH 7.6), 30mM NaH-PO, H20, 
1 mM EDTA”. The gel was stained using acridine orange, photo- 
graphed and gently shaken for 20 min with 50 mM NaOH, then 
neutralized with two washes of 0.2 M sodium acetate ( pH 4.3). The 
RNA was then transferred to diazotysed paper, washed in prehy- 
bridization solution, and hybridized for 14h at 42°C against 
5x 10° ¢.p.m. ml”! of P labelled calcitonin cDNA, produced by 
nick-translation of calcitonin-containing plasmid to a specific 
activity of 1.5 x 10° c.p.m. ug (refs 13, 14) using dCTP as the 
labelled nucleotide. The paper was washed and autoradiographed 
as previously described. The migration of 188 and 285 ribosomal 
RNAs and of prolactin mRNA was used to calculate size; the 
portion of the gel which was blotted contained 185 RNA, as shown. 
The 1,050-nucleotide species is referred to as calcitonin mRNA. 
a, Poly(A)-rich RNA from a high-producer tumour (10 wg); 
b, poly(A)-rich RNA from a low-producer tumour (10 ug). 
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Fig. 2 Analysis of total cellular RNA species hybridizing to 
calcitonin CDNA. Poly(A)-rich RNA was prepared and processed 
as described in Fig. 1 legend. The autoradiograph was exposed for 
4 days to visualize clearly the larger reactive RNA species, Lane 1, 
cytoplasmic poly{A)-rich RNA (5 wg) from a high-producer 
tumour; lane 2, total poly(A)-rich RNA (10 ug) from a high- 
producer tumour; lane 3, total poly(A)-rich RNA (10 ug) from a 
low-producer tumour; and lane 4, total poly(A)-rich RNA (10 ug) 
from a low-producer tumour of independent origin. 


were shown to contain one major poly(A)-rich cytoplasmic 
RNA species 1,050+50 nucleotides in length'’, referred to as 
calcitonin mRNA. 

To identify mechanisms by which variation in calcitonin gene 
expression occurs, total poly(A)-rich RNA for high- and low- 
producer tumours was examined. Analyses were carried out by 
hybridizing labelled, cloned calcitonin cDNA to RNA 
transferred to diazotysed paper after denaturation and 
size-fractionation through agarose gels (see Fig. 1 legend). In the 
conditions used, this method provided an accurate and 
reproducible quantification of RNA species which varied from 
1,000 to 5,500 nucleotides in length over a 200-fold range of 
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Fig. 3 Scan analysis of autoradiographs of calcitonin cDNA- 

reactive species. Autoradiograms of calcitonin cDNA-reactive 

RNA were quantified by scanning with a Helena Quickscan (1-mm 

window). The sizes of various RNA species are indicated, based on 

migration of 18S and 288 rRNA. —, High- and - - -, low-producer 
tumour RNA. 


RNA concentration. Remarkable differences in the abundance 
and size of reactive poly(A)-rich RNA from low-producer 
tumours were observed. As shown in Fig. 1b, low-producer 
tumours contain a 1,050-nucleotide transcript which co- 
migrates with calcitonin mRNA of both high-producer tumours 
and normal thyroid gland, and a second abundant species which 
migrates at 150-250 nucleotides longer than calcitonin mRNA 
(Fig. 1a). Note that this second species seems to lack a similar 

-correspondent in the high-producer lines which suggests that 

. conversion from high to low production is associated with an 

= altered expression of the calcitonin gene or a closely related 
gene. 

To examine this relationship more closely, it is necessary to 
identify the steps involved in the synthesis of mature calcitonin 
mRNA. Total poly(A)-rich RNA from high- and low-producer 
tumours was examined for putative precursor transcripts. In 
addition to the prominent 1,050-nucleotide cytoplasmic species, 
RNA from the high-producer tumour contains several cal- 
citonin cDNA-reactive RNA species (Fig. 2, lanes 1 and 2). 
These include transcripts of 6,400, 5,200, 4,200, 3,800, 3,100, 
2,200 and 1,800 nucleotides in length. 

Analysis of RNA from two independent low-producer 
tumours revealed surprising alterations in abundance of most of 

* the nuclear transcripts. There were large increases in the 6,400-, 
5,200-, 4,200- and 3,800-nucleotide species whereas the 1,800- 
nucleotide transcript was significantly decreased (Fig. 2, lanes 3 
and 4). The abundant RNA species are overexposed on the 
autoradiograph (Fig. 2) to visualize the less-abundant putative 
nuclear RNA species. 

Scans of the autoradiographs (Fig. 3) allowed quantification of 
reactive RNA species. The amount of the 3,800-, 5,200- and 
6,400-nucleotide RNA species in low-producer tumours was 
increased 10- to 30-fold above that in high-producer tumours. 
In the low-producer tumour, the 3,800-nucleotide RNA species 
alone bound up to 25-30% of the total probe hybridized. There 
was no alteration between high- and low-producer tumours 
in the amount of reactive 3,100- or 2,200-nucleotide RNA 
species. 

Conversion to a low calcitonin producer state was associated 
with a series of reproducible alterations in calcitonin gene 
expression. Cells which contained little or no detectable cal- 
citonin transcribe large amounts of calcitonin-reactive nuclear 
RNA species and generate new cytoplasmic RNA species, 

150-250 nucleotides larger than the ‘mature’ calcitonin mRNA. 
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The molecular alterations which occur during conversjon 
from high to low calcitonin production could result from one of 
several possible mechanisms: (1) an increased transcriptional 
activity of a related gene (or genes), with concomitant reduced 
expression of the calcitonin gene, corresponding to the reduc- 
tion in calcitonin synthesis; (2) an alteration in the primary 
structure of a single calcitonin gene, with resultant alteration in 
processing of the primary transcript; or (3) the observed RNA 
heterogeneity in low-producer tumours arises from differential 
or ‘abnormal’ processing of one primary RNA transcript. In the 
latter two cases, the increased abundance of the putative nuclear 
precursor RNAs could correspond to an altered processing 
pathway; any of the proposed models could result in the obser- 
ved RNA polymorphism. To investigate these possibilities, a 
chimaeric plasmid containing DNA complementary to the 
additional RNA sequence unique to the new 1,250 RNA 
present in low-producer tumours has been constructed. This will 
allow initiation of structural and functional analysis of the new 
cytoplasmic RNA species, the putative nuclear RNA tran- 
scripts, and of the calcitonin gene. 
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Alfred L. M. Bothwell, Michael Paskind, 
Richard C. Schwartz, Gail E. Sonenshein”’, 
Malcolm L. Gefter & David Baltimore 


Center for Cancer Research and Department of Biology, 
Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139, USA 


The expression of two distinct « light chain immunoglobulins in 
the MPC-11 mouse myeloma is well established’, the two 
protein products being apparently from RNA transcripts 
derived from separate, rearranged x alleles in the MPC-11 
genome*”, Recently, the characterization of «-related RNAs 
and protein products in several A-producing myelomas has 
indicated that multiple expression of light chain RNAs is a 
common event in myelomas and other cells of the B-lymphocyte 
lineage“. These studies suggest that, although many light chain 
alleles may function to make RNA and protein in a given 
B-lymphocytic cell, only one complete, functional light chain is 
generally translated from the RNAs present in a single cell. The 
myeloma, MOPC-315, synthesizes and secretes an antibody 
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which has an æ heavy chain and a A, light chain”. The DNA of 
MOPC-315 either has no x genes or has only a fragment of one, 
but it certainly has no « genes in the embryonic configuration’. 
Rearrangement of its A genes has been observed but the exact 
nature of the rearrangement is not known’. Because initial 
observations suggested that an immunoglobulin-related protein 
other than a and Ay was present in MOPC-315 cells’’, we 
undertook to derive molecular cDNA clones from the mRNA in 
MOPC.-315 tumour cells. Analysis of the clones has now 
identified two A chain mRNA species: a normal Ay chain 
mRNA and another which directs the synthesis of a deleted form 
of a A, protein. The nucleotide sequence of the deleted A, 
mRNA shows that it resulted from a joining of the sequence 
encoding amino acid 31 of the variable region directly to the 
constant region coding sequence. 

To characterize the A RNA and protein products in MOPC- 
315 we first derived cDNA clones from total poly(A)-containing 
RNA of the tumour. In parallel, in vitro translation studies on 
partially purified mRNAs and RNA size analysis with cloned A 
probes were performed’’. Clones were derived using the dG-dC 
homopolymer tailing method to insert DNA in the PstI site of 
pBR322. After transformation of Escherichia coli 1776, 
recombinant plasmid-containing cells were selected that hy- 
bridized to a full length A; cDNA clone previously derived from 
myeloma MOPC-104E (A.L.M.B., unpublished). Preliminary 
restriction enzyme digest patterns indicated the presence of two 
types of A cDNA clones. Two of the longest clones represen- 
tative of the two classes of inserts were chosen for detailed 
examination. Because one was shown to have Ay sequence and 
the other A, sequence, they were named pA,,-1 and pA,-13. 

The relationship of the clones to cellular mRNAs was studied 
by using the cDNA clones to select mRNA by hybridization and 
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Fig. 1 Jn vitro translation of clone selected mRNA. Either an 
EcoRI~Xhol 1,100-base pair DNA fragment derived from pA,-13 
plasmid (10 wg) or a Poull~Aval 1,800-base pair DNA fragment 
derived from 10 wg of pAy-1 containing the Aq constant region was 
denatured and bound to a nitrocellulose filter and hybridization 
and elution procedures performed'®. Membrane-bound poly(A)- 
containing polysomal RNA (5 ug) derived from MOPC-315 
{tumours maintained by Dr H. Eisen) was hybridized in 65% 
formamide, 400 mM NaCl, 10 mM PIPES, pH 7.4, at 45 °C for 2 h, 
The filters were washed 10 times with 150mM NaCl, 20 mM 
Tris-HCI pH 7.8, 1 mM EDTA, 0.5% SDS at 65°C, then three 
times in 20mM_ Tris-HCl pH7.8, 1mM EDTA. RNA was 
removed by boiling for 1 min with 300 wl of H2O, ethanol pre- 
cipitated and translated in a rabbit reticulocyte lysate. Lanes 
contain total polysomal RNA translation products (lanes 1-3), 
pA,;-13-selected mRNA translation products (lanes 4-6) or pAy-1- 
selected mRNA translation products (lanes 7-9). Products in lanes 
2,5 and 8 were precipitated with anti-A; serum and those in lanes 3, 
6 and 9 with anti-A;, serum. The sources of the antisera and 
immunoprecipitation procedures are described elsewhere’. 
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Fig.2 Restriction maps of the A; and Ay cDNA clones. The maps 
indicate the deletion of the 3’-proximal two-thirds of the variable 
region and J region from pA,-13 when compared with the normal A 
mRNA, The pABA,-1 clone (from MOPC-104E, a A; producer) 
contains a portion of the leader sequence whereas the pA,;-13 clone 
begins at amino acid & in the mature protein. The embryonic Aj; 
variable sequence does not contain a BamHI site’*. A different 
amino acid occurs at amino acid position 38 (isoleucine) in the: 
MOPC-315 Ay; sequence from that predicted from the germ-line 
Ay variable gene DNA sequence (valine)'*. The codon ATC for 
residue 38 (isoleucine) would generate a BamHI site which is found 
in PAy-1. bp, base pairs. 


then translating the mRNAs in vitro (Fig. 1). Two A-related 
protein products could be detected by in vitro translation of 
mRNA.-When the total translation products (lane 1) were 
submitted to specific immunoprecipitation, an 18,000 molecular 
weight (18K) protein was precipitated with anti-A; serum (lane 
2) and the complete A y light chain was precipitated with anti-A y 
serum (lane 3). When the mRNA selected by pA,-13 was trans- 
lated, an 18K protein was enriched (lane 4) which was precipit- 
able with anti-A, serum (lane 5) but not with anti-A, serum (lane 
6). By contrast, when pAy-1 was used to select mRNA, the 
selected mRNA translated into Ay, protein (lane 7) which was 
not precipitable with anti-A; serum (lane 8) but was precipitable 
with anti-A, serum (lane 9). We have independently shown that 
the pAy,-1 clone hybridizes to a mature size light chain mRNA 
(1,100 base pairs) whereas the pA,;-13 clone hybridizes to a 
mRNA of about 900 base pairs’®. Thus, it is evident that 
MOPC-315 cells have two types of A -related mRNA which gave 
rise to two classes of clone: pAy,-1 derived from a full-length 
mRNA encoding the Ay, protein of MOPC-315 antibody and 
pA,;-13 derived from a truncated A; mRNA that translates to 
form a truncated A,-related protein. 

The pA;-13 clone was further analysed by comparing its 
restriction enzyme digest pattern with that of a clone derived 
from the full-length A, MRNA of myeloma MOPC-104E pre- 
pared in this laboratory (A.L.M.B., unpublished) (Fig. 2). The 
authentic A, clone had six identifiable sites, two of which (Xhol 
and KpnI) in the constant region would not have been predicted 
from the reported 138-base pair sequence'’. Sequence data, 
reported below, have confirmed the existence of these sites in 
this and in other A; cDNA clones; presumably, there were 
sequencing errors in the previous report. The pA,-13 clone from 
MOPC-315 had all the sites found in the authentic A, constant 
region sequence. These distinguish the cloned insert from the Ay 
genes, the sites of.which are quite different from those in the A, 
gene (Fig. 2). 

To analyse the structure of pA,-13 further, we determined the 
nucleotide sequence of its insert (Fig. 3). The entire constant 
region sequence was evident but the variable region sequence 
contained codons that, by comparison with the reported protein 
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sequence for À, can only encode amino acids 8-31 of the 
variable region. Between amino acid positions, 8 and 31 the A, 
and Ay variable regions are only distinguished by two nucleotide 
differences (see Fig. 3), but at both sites the sequence in pA,-13 is 
the same as the A; sequence; we therefore conclude that the 
variable region on the truncated protein is derived from a A, 
variable region. Thus, the RNA that gave rise to pA,-13 is 
presumably a mRNA which lacks the portion of the A; variable 
region encoding amino acids 32-109. 

The constant region nucleic acid sequence of pA;-13 predicts 
an amino acid sequence which differs from the previously 
reported amino acid sequence for the A; protein of MOPC-104E 
(ref. 12) at eight residues as numbered in Fig. 3 (129, 130, 185, 
190, 193, 194, 201, 206). Residues 185-190 are shifted relative 
to previous data due to an insertion and deletion of one amino 
acid at positions 185 and 190, respectively. Also, the uncertainty 
in the previous sequence between positions 200 and 204 is 
removed. Although the sequence determined here is likely to be 
the correct germ-line A, constant region sequence, the sequence 
was derived from a myeloma in which somatic mutation might 
have occurred 

The origin of the A; MRNA in MOPC-315 is uncertain. A 
DNA rearrangement has probably occurred because the A, 
variable and constant regions are found on a single mRNA. 
Analysis of A genes in MOPC-315 DNA indicates that the only 
detectable A, rearrangement involving both the variable and 
constant regions is the normal V; to C; rearrangement. The 
7.4-kilobase fragment co-migrates with the fragment observed 
in the A; producer, MOPC-104E (A.L.M.B. and D.B., unpub- 
lished results). Therefore, the rearrangement, or somatic muta- 
tion, must have altered the normal donor site at the 3’ end of the 
J segment. Whether the entire A; variable region is present in the 
DNA is uncertain and will necessitate fine structure analysis: the 
deletion of a variable region sequence in the mRNA could result 
from either an aberrant DNA rearrangement that removed the 
coding sequence for amino acids 32-109 or from an aberrant 
RNA splicing event. Precedent for aberrant splicing as a cause of 
variable region deletion in a mRNA comes from the case of 
MPC-11 (refs. 6, 7), in which on one chromosome a «x variable 

19 20 


Ser Ala Leu Thr Thr Ser Pro Gly Glu Thr Val Thr Leu Thr Cys Arg Ser Ser Thr Gly 
ao GCA CTC ACC ACA TCA COT Got a ACK GTC AÇA CTC ACT TOT Coc TCA AGT ACT GGG 
s H 


go Wf Sr 120 

Ala Val Thr Thr Gly Gin Pre Lys Ser Ser Pro Ser Yal Thr Leu Phe Pro Pro Ser Ser 
GOT GTT ACA ACT GGC CAG COC AAG TOT TOG CCA TCA GTC ACC CTG TIT CCA CCT TOC TOT 
L Mbhe Ff 


139 140 
Giu Glu Leu Giu Thr Asn Lys Ala Thr Leu Val Cys Thr Ile Thr Aso Phe Tyr Pro Oly 
GAA GAG CTC GAG ACT AAC AAG GCC ACA CTO GTS TOT ACG ATC ACT GAT TTC TAC CCA GOT 
121 gaci 
Mbo If Xho I 

150 160 
Vai Vai Thr Val Asp Trp Lys Val Asp Gly Thr Pro Val Thr Gin Gly Met Glu Tor The 
GTG GTG ACA GTG GAC TOG AAG GTA GAT GOT ACC CCT GTC ACT CAG GGT ATG GAG ACA ACC 
182 Kpn I 


179 186 
Gin Fro Ser Lys Gin Ser Asn Asn Lys Tyr Met Ala Ser Ser Tyr Leu Thr Leu Thr Ala 
CAG COT TCC AAA CAG AGC AAC AAC AAG TAC ATG GOT AGC AGC TAC CTG ACC CTO ACA GCA 
24i 


190 250 
Arg Ala Trp Glu Arg His Ser Ser Tyr Ser Cya Gin Yal The His Glu Gly His Tar Val 
AGA GCA TOG GAA AGG CAT AGC AGT TAC AGC TOC CAG GTC ACT CAT GAA GOT CAC ACT OTS 
302 Pyu It 


210 
Giu Lys Ser Leu Ser arg Ala Asp Cys Ser ### 
GAG AAG ACT TTO TCC COT GCT GAC TOT TCC TAG GTC ATC TAA CCT TCA TTT TAC COA CAG 
361 Mbo IT 


AGG CTG AGA TCA GAA ACA TGC CCA AGT GTA TCC TIG GTG CTT TTG CCT ACE ATA GCC CTT 
&21 


CTC TCT ACC CTC AAA ATG CAC ART AAA ATG TTC ATT CAT CCAD sg, 
agi 


Fig.3 Nucleotide sequence of pA,;-13. The sequence of the insert 
was determined by both the Sanger dideoxynucleotide extension 
procedures according to Maat and Smith’? and the Maxam-—Gilbert 
methods’. The sequence of both strands was determined by kinase 
treatment at the following sites: PstI, Xhol, Pvull and Mboll (at 
position 207). The two residues below the sequence (G, T) are the 
only differences between the A; and Ay, variable regions in this 
clone. The numbers above the translation sequence are the amino 
acid positions in the mature protein and the numbers below the 
DNA sequence indicate the number of base pairs from the first 
nucleotide in the inserted A; sequence as it is drawn here. 
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region was joined to a site between the J, segments and C.. The 
resulting DNA is transcribed but the lack of splice donor 
sequence at the end of the variable region apparently leads to a 
splice from the end of the leader sequence to the beginning of 
C,, forming a mRNA 400 bases shorter than the standard 
1,200-base x mRNA. 

The possibility of an aberrant splice as the cause of the 
truncated A; mRNA in MOPC-315 is supported by an examina- 
tion of the nucleotide sequence of the A; variable region. The 
sequence TAGTAACTA that occurs immediately 3' to the 
deletion site in the complete A, variable region’! has the form 
close to the canonical donor splice sequence '*"**. It is also clear 
from a comparison of the cleavage points demanded by the 
sequence of the cDNA clone (indicated by arrows) 


4 
V’ Donor D ERETI iA ACTAGTAACT... 7 
C Acceptor 5'..., TTCATCCTGCAGGC....... y 


t 


that the cleavage points would not be at the positions suggested 
in the published donor and acceptor consensus sequences 


L 1 
(PuGT on the donor; AGG on the acceptor; refs 14~17). The 
underlined bases correspond to the sequence found in the 
cDNA and it unambiguously defines the joining site. 

The discovery that MOPC-315 expresses both A; and Àg 
mRNAs adds to the growing body of evidence that light chain 
isotype exclusion in B-lymphoid cells (the presence of only one 
of the possible classes of light chain in the immunoglobulin from 
one clone of cells) is not a consequence of selective gene 
rearrangement, selective gene transcription or selective mRNA 
translation. Rather, as emphasized elsewhere’, lymphoid cells 
generally, if not always, make only one functional light chain 
although they may form numerous aberrant light chains or light 
chain fragments. This situation led us to suggest that cells will 
rearrange their light chain genes until a light chain able to form 
an appropriate union with a heavy chain appears in the cell. The 
presence of an immunoglobulin formed from the heavy and light 
chains then causes the cell to cease gene rearrangement. 
Thereafter, the cell continues to make polypeptides from both 
the aberrantly and successfully rearranged genes. The present 
evidence for an aberrant A, product in a Ay,-producer extends the 
previous suggestion, which only considered « chain synthesis, to 
the A genes. 
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Recombination suppression of 
mouse f-haplotypes 
due to chromatin mismatching 


Lee M. Silver* & Karen Artzt 


Sloan-Kettering Institute for Cancer Research, New York, New 
York 10021, USA 


We show here that recombination occurs at the normal rate in 
compound female mice containing two different complementing 
lethal haplotypes (¢°7’/r"’?) where there is a long stretch of 
homologous f¢-mutant chromatin. Thus the recombination 
suppression of a complete t-haplotype cannot be due to an 
intrinsic factor(s) which suppresses along the length of its own 
chromosome but is due to ‘mismatching’ of wild-type and 
mutant chromatin. Naturally occurring ¢-haplotypes of mouse 
chromosome 17 have several interesting genetic properties. 
First, they are always transmitted from males in much higher 
proportions than mendelian expectation; presumably this 
accounts for the maintenance of lethal and semilethal t-haplo- 
types at polymorphic levels in populations of wild mice. t- 
Haplotypes also show recombination suppression. The con- 
ventional map distance between genetic markers T and zf is 
7-12 cM, whereas in (¢/+) heterozygotes for naturally occurring 
t-haplotypes, recombination is suppressed and T and zf seem to 
be separated by only 0.1-0.5 cM (ref. 1). The region of recom- 
bination suppression extends to and includes the major histo- 
compatibility complex (H-2)*. Thus ¢ and H-2 effectively travel 
as a single unit— a ‘super gene”, Although recombination 
suppression is known to be accompanied by failure of chiasmata 
formation’, the mechanism underlying the suppression has 
remained an enigma. Lyon suggested a disorder of t-hetero- 
chromatin” and more recently a change in ‘intercalary’ middle 
repetitive DNA‘. She proposed that either -chromatin is 
intrinsically incapable of participating in crossing-over, or 
chiasma formation is prevented because of mismatching and 
mispairing of normal and abnormal chromatin. We have 
measured recombination between two chromosomes which 
carried extensive overlapping segments of ¢-chromatin. We 
report here that in this configuration, recombination occurs at a 
normal rate, and thus we conclude that cross-over suppression is 
due to mismatching. 

Rare recombination events do occur in t/ + heterozygotes and 
produce reciprocal cross-over products that are profoundly 
different, Whereas intact t-haplotypes contain a factor respon- 
sible for interaction with T to produce taillessness as well as a 
recessive lethal factor, those recombinants that retain the 
centromeric end of the parent ¢t-haplotype continue to interact 
with T to produce taillessness, but are no longer lethal when 
homozygous, and those that acquire the distal end of the original 
t-chromosome retain the lethal factor but no longer show any 
interaction with T. Both cross-over products show limited 
recombination suppression in heterozygotes: t-viable haplo- 
types suppress it about half-way through the 7~¢f interval but 
not beyond’; t-lethal haplotypes seem to continue to be inextri- 
cably linked to H-2 although they permit free recombination 
between T and f°. 

Lyon investigated the problem of cross-over suppression by 
measuring recombination between recombinant chromosomes 
that contained, in one case, the proximal end and in the other the 
distal lethal factor, and which were thought to have a short 
overlapping region of t-chromatin. Using t and t"? (see Fig. 
la) she found very low recombination (1.5% compared with 
18.1% expected for 1"’”/+), and concluded that each t-haplo- 
type suppressed recombination over its own length. She also 


* Present address: Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724, 
USA. 


% 


tested several haplotypes that are thought to be non-overlap- 
ping, and found that crossing-over was normal where the wild- 
type chromatins coincided (Fig. 1b, for example). These 
experiments did not rule out the possibility that cross-over 
suppression is due to mismatching of f and wild-type chromatin. 

The characteristics of the two chromosomes we used (see Fig. 
2) were as follows. The 1*1 chromosome was derived by Mary 
Lyon. It carries T; 1^7, an isolated lethal factor derived from f° 
Cig complementation group); + and translocation 190 (T190) 
inseparably linked to the lethal factor. Trans to wild type, it 
allows recombination in the region of homozygous wild-type 
chromatin between T and ¢"’” which we measure in males as 
16.6% (193/1,161) between T and tf. This agrees well with 
Lyon’s figure of 18.1% for males and females’, The t" tf 
chromosome is a complete lethal haplotype containing t” (the 
mutant tail interaction factor), r“’* lethal factor ("’ comple- 
mentation group) and ¢f. The zf on this chromosome appeared 
spontaneously either as a point mutation or small deletion; 
recombination was not involved because the t“ chromosome 
still retains its original H-2 type (Craig Hammerberg, unpub- 
lished data). We maintained the ¢’’*tf chromosome in the 
balanced lethal cross (Ttf/t”'¢f x Tif/ t" tf) homozygous for rf 
and thus the recombination rate is difficult to estimate accurately 
(see Table 1, line 2). However, recombination from the parental 
t“!? + chromosome where the exchange of tufted can be moni- 
tored is 4.4x 10° (24/5,576) (see Table 1, line 3). Taken 
together, the recombination rate between T and tf in the 
presence of t? f or t7 + is <0,5%. 

In choosing the two haplotypes t"’” and ¢”’1f, we also took 
into consideration the fact that they share the same H-2 type, as 
this suggests that the two chromosomes may have a common 
descent from a single ancestral t-haplotype by mutation, and 
thus that their abnormal chromatins would be homologous. 

Recombination measured in ¢"'’/t*!*if females was an 
extremely high 18.4% (Table 1, last cross), This is remarkably 
close to the value of 17-18% for t”’’ trans to wild type, and high 
for the interval T-¢f. Clearly, recombination is occurring freely 
between the 7*7” and ¢*!7¢f chromosomes. 

Of the 14 recombinant chromosomes obtained, 7 have so far 
been analysed. The important question was whether the two 
reciprocal types of recombinants, short-tailed tufted (Tif) and 
normal-tailed non-tufted (t7 + T190) carried one, or both, or 
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Fig. 1 Situations in which Mary Lyon measured recombination; 
diagrammed after Lyon er al.®®. T, the region of the Brachyury 
mutation (T), and the tail interacting factor (t”) present in 
complete lethal -haplotypes. A, as denoted by Lyon, the region of 
a ratio factor. LS, the region of lethality and sterility factor {s} is 
also the region where the marker tufted (1f) maps, a, Recom- 
bination between chromosomes with a short overlapping region of 
t-chromatin; b, recombination in haplotypes thought to be non- 
overlapping. 
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Table 1 Recombination data for T-#f interval in 1?’ and r”!? mice 





Normal Normal 
tailed tailed 
Cross tufted non-tufted 
STT T190 +" + fx +++ +f 405 94* 
ST fx ST" “of NE 16 
OTH +9 x ST 72 +4 NE 20* 
STT T190 +t es + +/+ 44 27 7” 





Short Short 
tailed tailed Tailless Tailless Recombination 
tufted non-tufted tufted non-tufted rate (%)} 
99* 563 NE NE 16.67 
NE NE 6,682 NE 0,24 
NE NE 4.5% 5,576 0.44 
ca 35 NE NE 18.4 


Mice were scored for tail length at birth and for tufted at 28+2 days. The second and third group of crosses are balanced lethals where, in the 
absence of recombination, the only expected phenotype at birth is tailless; T/T and r”'*/r"'? embryos die before birth. All the normal tailed mice 
born were genetically analysed for their recombinant chromosome. Those that were fertile all proved to be ¢"’7/r"?"" yf, that is carrying the proximal 


end of t” 


haplotype with the tail interaction factor but having lost the distal lethal component. The tailless tufted mice in the third cross 


represent the same class of recombinant but heterozygous with T(Tif/t"'“’tf), The reciprocal recombinant, Tr’! +, presumably goes undetected in 
this cross because it cannot meet a chromosome with which it is viable. NE, not expected. 


* Recombinant phenotypes in each cross. 


t The numbers in this cross include previously unpublished data of L. C. Dunn and D. Bennett, 1965~1973, and current data up to 1979. 
+ The 4.5 tailless tufted is a projected number based on one tailless tufted out of 1,242 tailless mice that were raised and scored for tufted. 
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Table 2 Analysis of new recombinant haplotypes 





Complementation data 


Normal Short 
Haplotype Cross tail tail Tailless 
Tri + 
Tr! nEaN R k 1 
lf + Fi 83 33 2 
Te ++ 
mis 142 23 2t 
++ t 
Tt tf RII 28 36 11 
x trie 21 28 0 
Tr? x ¢? 12 26 16 
x ee 11 29 0 
Tr xt 12- 6 3 
KT 27 0 0 
p xg’ 15 35 14 
x pri? 95 15 2+ 
T T 
“ria ae eo 0 NE 17 
T T | 
eTo wie i ne : 
rade x 7? No data 
a 5 NE 2 





Recombination data 





Normal Normal Short Short 
tailed tailed tailed tailed Rate 
non-tufted tufted*  non-tufted* tf (%) 
7 0 1 8 6.3 
21 3 5 75 7.7 
37 1 2 54 6.1 
4i 4 6 84 7.4 
31 5 4 S4 9.6 
No data 
No data 
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The new recombinant haplotypes were arbitrarily designated t 


and so on in order of their detection. For the complementation data, the numbers 


at birth contain pooled male and female data (except for Tt’ xt") and are usually distorted reflecting the male ratio, 


Recombination data are obtained from crosses of Tt*tf/++ x +tf/+tf. Data are pooled reciprocal crosses except in the case of Tr 


where the data are 


from females only. The numbers scored reflect preferential culling at birth against normal tails. NE, not expected. 


* Recombinent phenotypes. 


+ This class in T?” and Tr?’ are recombinants; three tested as recombinants, one never bred. 


kd 
t Same as for ¢°* crosses above. 


neither of the lethal factors present on the parental 
chromosomes. The complementation data shown in Table 2 
demonstrate that all five Ttf recombinants analysed carry the 
t”’? but not the ¢””” lethal factor. 

The data for the t” + T190 recombinants are still sparse, as 
the T190 translocation renders them semi-sterile, and difficult to 
analyse in complementation tests. Nevertheless, available data 
(Table 2) suggest that this class contains the ¢”’” lethal factor but 
not r"’”. At face value these data suggest that 1°’? and t" act as 
alleles. However, three alternative and equally likely inter- 
pretations must be considered. First, t“’? and t’’” may be very 
closely linked, and only the analysis of many recombinants could 
define them as genetically separate. Second, all the recom- 
bination may be taking place in a restricted ‘hot spot’ to the left 
of both t"’? and r"’”. There is some evidence from exceptional 
recombination in mice heterozygous for t-chromatin that the 
second possibility is true. In eight exceptional recombinants 
from balanced lethal stocks containing various complete t- 
haplotypes and also an interstitial marker gk between T and ¢f 
(T(3)qk(4)tf), all eight cross-overs were between gk and the ¢ 


lethal factor (K.A., unpublished data). In the present study 
another marker (Tcp-1), known to be between gk and the t 
lethal factor’, was monitored; 10/10 recombinant 
chromosomes tested resulted from cross-overs between Tcp-1 
and r’*""'_ A third, obvious possibility is that the lethal factors are 
actually located distal to tufted, and as we screen for recom- 
binants using tufted, they will always be exchanged. 

Recombination data for the new haplotypes Tt? °°"!!! (all 
of the Tr’'*tf type) are also presented in Table 2. Clearly they 
now all allow recombination, just as the parental haplotype 1*7 
does, in the region of homozygous wild-type chromatin between 
the centromere and the ¢“’* lethal factor. All nine such recom- 
binants tested were between T and ¢”’*. Recombination in these 
heterozygotes, however, is about 8-11% , considerably less than 
that from the Tr’’? T190 chromosome; this supports the 
suggestion of Lyon® that the very high recombination in the 
translocation heterozygotes was produced by the translocation 
itself. | 

The transmission ratio data for the various recombinant 
haplotypes are given in Table 3. Clearly the Tt’ chromosomes 
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have a generally high, but very variable, ratio whereas the 
reciprocal type have very high and quite invariant ratios. For 
comparison note that the parent 1*7 chromosome is also 
transmitted in very high proportion (the last six males of this 
type we have tested with progeny samples over 25 averaged 
98% t-bearing offspring), with individual male ratios of 100, 
109, 100, 99, 96 and 87% respectively. The parent Tr’!’ 
chromosome, on the other hand, in similar samples, gave an 
average ratio of 65%, and individual males were more variable, 
having ratios of 76, 73, 73, 72, 61 and 42%. Thus, recom- 
bination between the t" rf and Tt" chromosomes has altered 
the transmission ratio characteristic of the respective lethal 
factors, implying that some element(s), such as the ‘A’ factor 
predicted by Lyon’ to lie between T and 1", has been 
switched by recombination. This explanation does not 
completely account for the data, however, as the Tt recombinant 
ratios are both generally higher and more variable from male to 





Table 3 Transmission ratio of recombinant haplotypes 
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“o Of offspring 


Total carrying Tt or 
informative t-haplotype 
Haplotype Male no. offspring iratio) 
m 12 155 44 
3 127 28 
Total 282 37 
Tr 1 63 64 
2,3,4 91 67 
5,6 67 88 
Total 221 72 
Tr’ 1 60 95 
2 119 89 
3 76 70 
Total 255 84 
s 1,2 110 51 
3 67 69 
4,5,6 88 69 
7 78 100 
Total 343 70 
m 1 92 79 
69 35 
Total 161 60 
pit 12 9 100 
ee 1-2 15 100 
t? 17 146 88 
e 1-2 25 84 
ye 1-6 83 84 


Transmission ratio was measured in Tt haplotypes by mating Tt/++ 
males to +/+ females and scoring tails at birth. The ratio of Tr is 
calculated as short tail/total mice born. Occasionally the ratio of two or 
three brothers was measured collectively. The ratio of r-haplotypes was 
measured in two ways. First, +/t males were mated to 7/+ females, 
where the measure of the male ratio is tailless/short tailed plus tailless, 
as the normal tails are noninformative, Second, T/t males were mated to 
+/+ fernales and the ratio calculated as normal tail/total mice born. The 
data for the t-haplotypes are pooled within a haplotype because the 
numbers are scant because of semi-sterility due to the presence of T190. 


Fig. 2 Construction scheme of compound 
heterozygotes for !? and tf and their 
expected offspring when mated to normal tail 
tufted. Short-tailed ¢"’” carriers were mated to 
tailless ¢”?77f mice. The tailless offspring, which 
are Tt" yt" f, were selected. Males were 
tested for fertility. 4/4 were sterile, as expec- 
ted, because they carried two complementing 
lethal factors. Females were mated to normal 
a tf tailed tufted homozygotes to observe recom- 

bination between T and f. Parental types: 
short tail, non-tufted, T190, and normal tail, 
tufted. Recombinant types: short tail, tufted, 
es tf and normal tail, non-tufted, T190. 


male than those typical of Tr’’’. Further work on inter- 
actions between A factors and specific t-lethal factors will be 
necessary. 

The possibility remained that the translocation inextricably 
associated with t"’’” was in some mysterious way responsible for 
overcoming the recombination suppression of the complete 
t-haplotype t*™ tf. Preliminary data rule out the presence of 
T190 as a factor in overcoming the suppression: one of the 
chromosomes derived from the above cross, 71°°tf, genetically 
analysed to be Tt"’tf and now devoid of T190, was set up trans 
with the complete haplotypes 1*7 + and t"? +. Recombination 
scored so far in these compound females is 2/25 for t”* and 6/33 
for r”?*, demonstrating that the presence of the translocation is 
not required for recombination. 

We set out to test the hypothesis that recombination in 
t-haplotype/wild-type heterozygotes is impaired because of 
mismatching between normal chromatin and abnormal t- 
chromatin. In fact, as all t- haplotypes are thought to be derived 
from a common ancestral haplotype’’ with divergences due to 
mutation in recombinationally isolated chromatin, whatever is 
wrong with the DNA in one f-haplotype should be matchingly 
wrong in complementing but mutant t-DNA. Thus, it is not 
unreasonable that variant t-DNA should recombine with vari- 
ant t-DNA. Therefore crossing-over should occur in long 
regions of homozygous abnormal t-chromatin. Our data show 
unequivocally that recombination suppression is indeed abro- 
gated in such combinations. We conclude that recombination 
suppression is not due to some intrinsic inability of t-chromatin 
to undergo crossing-over, An alternative hypothesis suggested 
above and consistent with the data is that mismatching between 
normal and variant chromatins is responsible. DNA cloning 
should show whether the non-coding sequences of t- DNA are 
rearranged or scrambled with respect to wild type. 

All the recombination events we measured occurred in a 
restricted region proximal to the ‘f marker. Our experimental 
design, which used two different t- haplotypes with the same H-2 
haplotype, precluded studying recombination distal to tufted. 
Nevertheless, it is important to know that recombination 
suppression associated with ft-haplotypes can be circumvented, 
and the use of second-generation recombinants with different 
H-2 types will make possible dissection of the t-region identify- 
ing the number of genes involved, and mapping them with 
respect to one another. 

K.A. thanks Drs Dorothea Bennett and Paulette McCormick 
for valuable suggestions. This work was supported by grants 
from the NIH. 
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Séveso: the intrigue and the infighting 


Alastair Hay 


THE message of The Superpoison is both 
powerful and moving. The third book on 
dioxin to have been published recently, it 
covers ground similar to a previous one 
by Thomas Whiteside (for review see 
Nature 283, 229; 1980). Margerison, 
Wallace and Hallenstein, however, are 
specifically interested in the effects of 
dioxin on the residents of Séveso. This 
small Italian town fifteen miles north of 
Milan was contaminated by the inadvertent 
discharge of 2, 3, 7, 8-tetrachlorodibenzo- 
p-dioxin (dioxin) when a reactor 
manufacturing 2, 4, 5-trichlorophenol 
overheated. Margerison ef al. have written 
a well researched book on Séveso which 
deals with the subject at every level: 
human, scientific and political. Like 
Whiteside, they show that the Séveso 
residents were pawns caught in a process 
which rapidly lost its human element. 

Confusion became a fact of life for the 
people in Séveso and the surrounding 
towns. Some leading scientists warned 
residents that dioxin was extremely 
dangerous; others, of equal repute, 
claimed there was no hazard. As the 
authors point out even the Catholic Church 
had to have its say. This was particularly 
true on the question of abortion brought 
into focus by the teratogenic properties of 
dioxin. When women, pregnant at the time 
of the reactor accident, were warned that 
exposure to dioxin might cause them to give 
birth to malformed children, the Vatican 
newspaper Osservatore Romano declared: 
‘Is the mere possibility of the risk of 
malformation a sufficient reason to 
eliminate an unborn human being which 
undoubtedly has a greater chance of being 
born normal than abnormal?’’. Cardinal 
Colombo, Archbishop of Milan, joined the 
argument, according to Margerison and his 
co-authors, ‘‘by praising certain couples 
who had volunteered to adopt any 
malformed children born in the Seveso 
area, and appealing for others to come 
forward’’. 

In the opinion of the authors it was the 
pregnant women from Séveso who had the 
most harrowing time. They claim that it 
was not only the church and politicians of a 
right-wing persuasion that made life 
difficult for the women, but that the Left 
were equally guilty in this regard, 
manipulating the situation at Séveso to 
advance their cause for abortion law 
reform in Italy. The campaign to reform 
the law and make abortion easier was 


The Superpoison. By T. Margerison, M. 


Wallace and D. Hallenstein. Pp.236. 
(Macmillan, London: 1981.) £7.95. 


eventually successful, but action came too 
late to help the women of Séveso. For 
many, the risk of having a malformed child 
was too great. The government claimed 
that in such cases abortion was legally 
available in Italy, the law making adequate 
provision. The reality was quite different. 
Most doctors refused to terminate 
pregnancies, subjecting the women to 
humiliating treatment. In the end only 34 
pregnancies were terminated legally. At 
least twice that number are said to have 
been performed either abroad or illegally in 
Italy. 

Controversy still rages in Italy over the 
effects of dioxin on the children born to 
mothers who decided against abortions. 
Three sources — the Italian Parliamentary 
Commission report on Séveso, the former 
head of the Health and Epidemiology 
Commission for Séveso, Professor 
Gaetano Fara, and Dr Guiseppi Reggiani, 
Director of Medical Research for 
Hoffmann-La Roche — all claim that there 
is no increase in the rate of malformation 
in the children born in Séveso. The 
authors of The Superpoison are not 
convinced. Acknowledging that the lack of 
statistics for malformation rates in Italy as 
a whole makes difficult the interpretation 
of the situation at Séveso, they nevertheless 
feel that there is ‘‘cause for serious 
concern”. 

Their concern is based on claims made by 
a local general practitioner working in 
Seveso. According to Alberto Colombi and 
the People’s Scientific and Technical 
Committee — a largely left-wing 
association of doctors and scientists — 
there is gross under-reportage of the 
number of malformations. It is certainly 
true that the number of abnormalities is 
higher than official figures would suggest. 
The reason for their exclusion from 
published statistics, however, is 
explicable. Many of the malformations 
are minor. Their inclusion, although 
increasing the total number of cases, still 
does not alter the general pattern. 
Whichever set of figures is chosen and 
compared with the norm for various 
regions of Italy or with other countries in 
Western Europe, the answer is the same: 


the rate for Séveso does not appear to be 
higher than anywhere else. However, 
research in progress may alter this 
conclusion. 

The authors make much of the 
differences in the published figures for the 
number of cases of chloracne — the 
disfiguring skin disease caused by dioxin. 
In their view, ‘‘with so much disagreement 
between published figures, it is difficult to 
have confidence in the statistics’’ for the 
number of cases of chloracne observed. 
Again, the authors believe that the 
authorities are underestimating the 
seriousness of the situation and they cite 
various local doctors to support this 
charge. One such, the local Séveso heaith 
officer, Dr Francesco Uberti, is quoted as 
saying that he found 150 cases in children at 
one school alone. Uberti claims that the 
Milan regional authorities denied that his 
cases were genuine chloracne and 
‘‘manipulated the facts’’. Diagnosis of 
chloracne can be difficult, as the authors 
admit, and this is at the basis of the 
disagreements about incidence. But this 
book was prepared some time ago, and the 
situation is now much clearer. A final 
figure for the total number of children who 
contracted chloracne has been agreed; it is 
187. 

Disagreements about the actions taken 
by the local authorities to protect the 
population at Séveso are weil known. 
Margerison et al. insist that Givaudan and 
Hoffmann-La Roche, the principal 
companies involved in the dioxin problem, 
were aware of the dangers facing the 
residents of Séveso. They are unimpressed 
by the companies’ arguments that it took 
time to construct a map of dioxin con- 
tamination preparatory to evacuating a 
section of the Séveso population. Indeed, 
they imply that the companies convinced 
the Italian authorities that the situation at 
SévesO was not dangerous. Two weeks 
after the dioxin discharge from the reactor, 
the authorities were indeed claiming that 
an evacuation was unnecessary. According 
to the authors, this complacency was 
shattered when Roche’s Director of Medical 
Research insisted that an evacuation was 
absolutely essential. Many of these facts 
are not in dispute; however, the authors’ 
thesis that the authorities were lulled into a 
sense of false security by Givaudan and 
Roche only to be caught out by Roche later 
on is not really proven. 

All three authors are professional 





Ve 
journalists. Tom Margerison is a well 
known science journalist and this book has 
benefited from his skills. Technical details 
essential to the arguments are put clearly 
and simply. The operation of the 
trichlorophenol reactor at Séveso is well 
described. Accounts on the operation of 
the reactor differ, say the authors, 
depending on whether it is the workers 
themselves describing the operation or the 
management describing the instructions 
given to the workforce. 

No satisfactory explanation is available 
yet to explain why the accident occurred. 
The authors find attractive a theory that 
there may have been sabotage. They say 
that one piece of evidence supports this. 
The reactor contents at Seveso are not 
alkaline as might have been expected. It is 
as though they were neutralized with acid, 
say the authors, giving credence to the 
sabotage theory. They do admit, however, 
that the pH change may be attributable to 
temperature differences, as indeed it is. 
Experiments designed to re-create the 
conditions in the Séveso reactor have since 
shown that at temperatures in excess of 
260°C the pH of the contents changes from 


alkaline to acid. The temperature of the 
reactor at Séveso is thought to have 
reached at least 350°C. Sabotage is ruled 
out in this case. 

Political intrigue was rife at Séveso and 
this book describes it in ample detail. 
Scientific infighting also occurred and the 
authors take many irreverent swipes at the 
various experts involved with the dioxin 
problem. Interviews with many of the 
Séveso residents confirm that their 
treatment by the various authorities has 
been high handed. The authors succeed in 
showing that the residents at Séveso have 
had a raw deal. In their view the final 
immorality of the whole episode was that 
“Hoffmann-La Roche had the benefit ofa 
profitable product while the innocent 
citizens of Séveso unknowingly took the 
risk’’. This may well be the verdict of 
history. But as more information accrues it 
is clear that the issue is not as clear cut as the 
authors make out. The companies certainly 
have much to answer for, but so too do the 
Italian authorities. 2 





Alastair Hay is a Lecturer in the Department of 
Chemical Pathology at the University of Leeds. 


Plasma physics for robust readers 


A.D.R. Phelps 
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Plasma Physics for Nuclear Fusion. By 
Kenro Miyamoto. Pp.610. (MIT Press: 
1980.) £35, $50. Fundamentals of Plasma 
Physics. By V.E. Golant, A.P. Zhilinsky 
and I.E. Sakharov. Pp.405. (Wiley- 
Interscience: 1980.) £22.10, $51.90. 


BotH of these books treat several aspects 
of plasma physics in detail, and yet neither 
provides a complete coverage of the subject 
~~ Golant ef al. intentionally omit the 
important subject of waves in plasmas and 
Miyamoto, as implied by his title, 
concentrates on those topics in plasma 
physics which relate to nuclear fusion. 
Both are appropriate for postgraduate 
courses, and should appeal particularly to 
the mature research scientist. 

The text by Miyamoto uses rationalized 
mks units and is a translation of his 1976 
Japanese publication. Some opportunity 
appears to have been taken to update a few 
of the references, but some of the most 
recent results of nuclear fusion research 
have not been included. Nevertheless, 
much of the content has not hitherto 
existed in such digestible textbook form. 

Professor Miyamoto divides his 16 
chapters into four sections: fundamentals, 
which includes a review of fusion criteria, 
magnetic field configurations, single par- 
ticle motion, Coulomb collisions and 
kinetic equations; MHD, covering 
equilibrium, diffusion and confinement, 
and instabilities; kinetic description of 
waves and instabilities, which treats waves 


in cold and hot plasmas and velocity space 
instabilities; and finally, heating, diag- 
nostics and confinement. 

Fundamentals of Plasma Physics is also 
a translation (from the original 1977 
Russian edition) and, like Miyamoto’s 
book, more readable than might be 
expected. In ten chapters the authors cover 
collisions, kinetic equations, equilibrium 
plasmas, distribution functions, transport 
processes and magnetic field influences on 
particle motion, transport processes and 
plasma confinement. Cgs units are used. 
The notation is somewhat inconsistent in 
places, for example rot and curl appear on 
the same page and the Laplacian operator 
used in the text does not correspond to that 
given in the symbols list. Yet these are 
minor points which should not worry the 
relatively robust reader for whom both 
books are best suited. 

Whereas Miyamoto’s book essentially 
involves the high temperature collisionless 
type of plasma, Golant ef al. address 
themselves more to gas discharges and 
ionization phenomena. Although there is 
some overlap in subject matter between the 
two books, the difference in emphasis 
makes them complementary. Thus one 
might expect the libraries of those research 
laboratories and universities engaged in 
plasma physics research to invest in both of 
them. 5 





A.D.R. Phelps is a Lecturer in Natural 
Philosophy at the University of Strathclyde. 
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More from Harris 
Alan E.H. Emery 





The Principles of Human Biochemical Gen- 


etics. By Harry Harris. 3rd Edn. Pp.558. 
(Elsevier/North Holland Biomedical: 1980.) 
Hbk $65.75, Dfl.135; pbk £26.75, Dfi.55. 


THE first edition of this book, published in 


1959, was an immediate success. The 
subject of human biochemical genetics was 
then in its infancy but there were sufficient 
pointers to indicate the exciting possibilities 
for the future. It has to be remembered that 
until Garrod introduced the idea of 
inherited disorders involving chemical pro- 
cesses (so-called inborn errors of meta- 
bolism) at the turn of the century, human 
genetics had been largely concerned with 
the inheritance of obvious structural 
abnormalities. In 1923 Garrod was only 
able to describe some half-dozen rare 
inborn errors of metabolism, but now 
Professor Harris details some 120 such 
disorders and a further 73 enzyme and 
protein polymorphisms. 

This new edition is divided into nine 
chapters with an appendix listing details of 
specific enzyme deficiency disorders, and a 
similar appendix of enzyme and protein 
polymorphisms. The introductory chapter 
on gene mutations and single amino acid 
substitutions is, like the rest of the book, a 
model of clarity and could well form the 
basis of any graduate course in genetics. 
Genes can no longer be considered merely 
discrete sections of DNA contiguous with 
each other, but are frequently separated by 
intervening sequences where the relevant 
messenger RNA is not translated into 
protein. The function of these intervening 
sequences is as yet not clear, but in the 
future the unravelling of their role in gene 
action could well herald yet another new 
departure in biochemical genetics. 

Two chapters are devoted to the princi- 
ples of gene action which are largely, 
though not exclusively, illustrated from 
findings in the haemoglobinopathies. A 
discussion of gene localization (mapping) 
is also included. Until recently gene local- 
ization was dependent on the study of pedi- 
gree and somatic cell hybrids, but is now 
being greatly helped by the use of 
restriction endonucleases. In the near 
future this, too, is going to generate an 
entirely new perspective of gene structure 
and localization. 

Subsequent chapters also deal with 
quantitative and qualitative variations in 
enzymes, inborn errors of metabolism and 
blood group substances, However many 
enzyme and protein variations (and the 
more recently discovered variations at the 
DNA level of restriction endonuclease 
cleavage sites) appear to be unrelated to 
any specific disorder, yet often their 
incidence is far greater than could be 
accounted for by mutation alone. Harris 
suggests that the term polymorphism might 
be reserved for those variations in which 
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the commonest indentifiable allele has a 
frequency no greater than 0.99 and 
therefore the proportion of heterozygotes 
is at least two per cent of the population. It 
is difficult to account for the high 
prevalence of such polymorphisms and the 
author presents a very readable account of 
the problem. It might, of course, turn out 
that most of these variations are no more 
than “random noise’’, but it is difficult to 
accept that this could be the entire 
explanation. 

Altogether this is a fine book which can 
be unreservedly recommended as a 
graduate student text as well as a work of 


reference. Of course, because of the 
enormous growth of the subject, this new 
edition might now appeal more to the 
specialist. Perhaps for a more general 
readership Professor Harris could be 
persuaded to produce a basic text similar to 
his Introduction to Human Biochemical 
Genetics which was published some 22 
years ago by Cambridge University Press 
and which was the progenitor of th 


pein 
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current text, tee 


Alan E.H. Emery is Professor of Human 
Genetics in the Medical School of Edinburgh 
University. 


Where psychology meets biology 


M. J. Morgan 


Essay on Mind. By D. O. Hebb. Pp.159. 
(Lawrence Erlbaum Associates: 1980.) 
$16.50. 


IN THIS ‘‘essay’’, Professor Hebb expresses 
in clear and forceful language his 
conviction that ‘‘. .. mind and thought, 
consciousness and creativity and free will, 
are all biologically evident phenomena and 
seen’ most clearly in the light of 
evolutionary ideas’’. He summarizes the 
historical development of his own ‘‘cell 
assembly’’ theory, familiar from his classic 
book The Organization of Behaviour 
(Wiley, 1949) and to a certain extent 
attempts to relate it to modern develop- 
ments in neurophysiology and psychology. 
There is little here that is very new, but 
Hebb was one of the first to argue that 
psychology is largely a biological subject, 
at a time when it was neither profitable nor 
popular. The gritty style of this book 
makes few concessions to the subtleties of 
professional philosophy, and somehow 
manages to convey the general impression 
that objections would be unwise and ill- 
informed, if not actually silly. Fortunately, 
no one need feel too offended by this 
brusque treatment, because the counter- 
arguments are put into the mouths of 
anonymous ‘‘writers’’, rather than being 
attributed to specific people. 

On the hereditv—environment issue 
Hebb neatly clears up some common 
confusions, and expresses the view that 
extreme environmentalism can have 
morally dangerous effects. It is pleasing to 
see the boot on the other foot for a change: 
usually it is environmentalists who assume 
the mantle of moral superiority. Returning 
toa theme familiar from his Textbook (W. 
B. Saunders, 1972) Hebb warns the young 
student that if he has an inherited predispo- 
sition to alcoholism, he had better 
recognize it quickly and take appropriate 
avoiding action. This he is not likely to 
do “. . . if he takes it for granted that all 
men are born equal. . . and seeing others 


drink freely without becoming drunks, 


takes it for granted that he can do the same’’. 
This is probably good advice, certainly no 
worse than that given by people who think 
that it is wicked to believe in genes. 

The ‘‘cell-assembly’’ model can now be 
seen as one of the first “feature analysis’’ 
models of perception. Its essence is that 
cells or groups of cells coding for distinc- 
tive features such as lines are grouped 
together into superordinate assemblies by 
associative learning. These assemblies can 
in turn be grouped into assemblies 
representing concepts, and so on, 
presumably up to ‘‘grandmother 
assemblies’’, which would be activated 
when we were thinking of a particular 
person. Hebb notes that the physiological 
work of Hubel and Wiesel has given 
considerable support to this idea since he 
first produced it, but he quotes their 
hierarchical model as if it were established 
fact, without mentioning important 
criticisms. He also attempts to extend the 
theory in a way that many readers will 
probably find frankly metaphorical: we 
read, for example, that “Emotion is a 
disruption of cell assemblies’’. 

The experiments that Hebb pioneered at 
McGill on effects of early environment in 
animals are given prominence and still raise 
issues of great interest. But as in the case of 
the discussions of visual perception, it is 
disappointing not to be presented with any 
more recent data, particularly those 
concerning effects of early environment on 
synaptic connections. 

Possibly the most interesting aspect of 
this book is the historical insight it gives 
into the process by which Hebb arrived at 
his theory at a time when radical 
behaviourism made any physiological 
theorizing disreputable. That many of 
these early battles will now seem a bit 
outdated to the younger generation of 
psychologists is a measure of Hebb’s 


success in helping to win them. Ee 





M. J. Morgan is Professor of Psychology at the 
University of Durham. 
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Clearing the decks 
Adrian Friday 


Comparative Biology and Evolutionary 
Relationships of Tree Shrews. Edited by 
W.P. Luckett. Pp.314. (Plenum: 1980.) 
$39.50, £24.89. 


TREE shrews are placental mammals of 
Southeast Asia. Although not rodents, 
they resemble squirrels and the Malay word 
‘“‘tupai’’ is used for both. Of all placental 
mammals, tree shrews are probably the 
most enigmatic and differences of opinion 
concerning their evolutionary relationships 





o 
From Proc. Zool. Soc. Lond. Vol, XVI, 1848 
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_ The pen-tailed tree shrew, 
Ptilocerus lowii, from the plate in the original 
description by J.E. Gray. 


have caused some heated exchanges among 
mammialogists. Originally included’in that 
ragbag of an order, Insectivora (within 
which they had been particularly allied with 
the elephant shrews of Africa), the tree 
shrews came to be widely regarded as the 
least-specialized grade of primate largely as 
a result of the work of Alberta Carlsson 
and W. E. Le Gros Clark. In this volume 
there are contributions on the tree shrew 
skeleton, dentition and cranial circulation, 
their meagre fossil record, their nervous 
and reproductive systems, and the 
molecular evidence for their relationships. 
Behavioural studies on tree shrews are not 
represented: distinguishe® work in this 
area has already been published, but 
Luckett implies that it has little to 
contribute to solving the problem of tree 
shrew relationships. 

Contributors to the volume were asked 
to consider two questions in their accounts: 
first, do tree shrews and primates share 
unique derived characters suggesting an 
immediate common ancestry; second, are 
there reasons for supposing that tree 
shrews, primates, bats and colugos 
(‘‘flying lemurs’’) together form a discrete 
evolutionary group (Archonta) amongst 
mammals? 

It was part of the message from the work 


of Van Valen and of Martin in the late 
1960s that progress in assessing the 
evolutionary affinities of the tree shrews 
and other problematic groups, collected 
together in the past as Insectivora, would 
be made only if comparisons were made 
between these animals and all other 
mammalian orders. However, if Luckett 
had insisted on such application from all 
his authors, several of them would have 
been consigned to a lifetime’s work. 

The fascination of tree shrews reaches 
beyond biologists interested in Insectivora 
(in the widest sense) to include those 
concerned with the principles of 
phylogenetic reconstruction. In his 
introductory chapter, Luckett succinctly 
summarizes the phylogenetic methods 
described by Hennig, and uses them to 
dispose of the early arguments for im- 
mediate common ancestry shared by tree 


. shrews and elephant shrews. Particular 


emphasis is given to the reconstruction of 
the primitive state for various characters in 
the hypothetical eutherian common 


Pedagogical overview 


Paul Davies 


Quantum Field Theory. By Claude Itzykson 
and Jean-Bernard Zuber. Pp.700. (McGraw- 
Hill: 1980.) £26.95, $55.50. 


A NEW generation of textbooks on 
quantum field theory is appearing, and this 
monumental work of 700 pages promises to 
become the standard book to replace 
Schweber’s An Introduction to Relativistic 
Quantum Field Theory (Harper & Row, 
1961), or Bjorken and Drell’s Relativistic 
Quantum Mechanics (McGraw Hill, 1964) 
and Relativistic Quantum Fields (McGraw 
Hill, 1965), both nearly 20 years old. The 
subject has moved a long way in that time, 
and a comprehensive, pedagogical book 
covering both the traditional material and 
modern developments is long overdue. 

The authors have been lavish and 
ambitious in their approach. Starting with 
classical field theory, they build upon an 
extensive discussion of the Dirac equation 
towards a thorough treatment of 
conventional quantum electrodynamics. 
On the way, all the mathematical 
formalism needed for the more familiar 
applications is presented. Also included are 
some topics that are generally hard to find 
in textbooks: the Klein paradox, the 
Heisenberg—Euler effective action, the 
Fock-—Schwinger proper time method, 
finite temperature states, massive vector 
fields and the Casimir vacuum force effect. 
Especially welcome are the treatments of 
symmetries, the PCT and spin-statistics 
theorems, and a section on Grassmann 
algebra. 

All the routine machinery of interacting 


ancestor. In reviewing the evidence of all 
the contributors, Luckett reaffirms 
Butler’s and McDowell’s concept of the 
isolation of both the tree shrews and the 
elephant shrews, leaving other Insectivora 
as an assemblage of animals which may 
have some claim to monophyly. 

It is hardly surprising that there are few 
firm conclusions concerning the relation- 
ships of the tree shrews, although Szalay 
and Drawhorn reassert the validity of 
Archonta, a tactic supported in varying 
degrees by the two chapters on molecular 
evidence. Inevitably, much recent work on 
tree shrews has been inconclusive, even de- 
structive, but this might be viewed as a 
clearing of the decks. In any case, a volume 
that includes several chapters of 
thoroughly admirable compilation and 
evaluation of morphological data is very 
welcome for that alone. a 





Adrian Friday is Assistant Curator of 
Vertebrates at the University Museum of 
Zoology, Cambridge, UK. 


of quantum fields 


relativistic quantum fields then emerge via 
the S-matrix and Feynman rules, with 
extensive applications to quantum 
electrodynamic processes on the way. 
Then, on through dispersion relations and 
analyticity to an extensive section on 
radiative corrections and renormalization 
theory. Once again, one welcomes the 
inclusion of modern topics like Wick 
rotation, asymptotic behaviour and 
dimensional regularization. 

But all this comprises only the first half 
of the book! The really attractive feature is 
the comprehensive treatment of recent 
functional methods, gauge theories and 
asymptotics which occupies the last 300 
pages. An extensive discussion of non- 
Abelian gauge fields and spontaneous 
symmetry breaking opens the way to topics 
such as the Weinberg—Salam theory, 
anomalies, Fadeev—Popov ghosts and 
scaling behaviour in scattering theory. 

This valuable survey is written with 
meticulous care and thoroughness. 
Although intended primarily for graduate 
students, there is such a wealth of material 
that undergraduates will find it useful for 
reference. Those learning relativistic 
quantum mechanics will also benefit from 
the chapter on the Dirac equation, hole 
theory and hydrogen-like atoms. 
Certainly, any student of quantum field 
theory will find everything necessary for a 
thorough grounding in this increasingly 
important subject. a 


Paul Davies is Professor of Theoretical Physics 
at the University of Newcastle upon Tyne. 
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How true is the theory of evolution? 


So is Darwin’s theory of evolution a fact, a pack of lies or 


something in between? This is the question prompted by the two 


letters with which the British Museum (Natural History) has 
broken its long silence over the rights and wrongs of cladistics and 
other matters (see page 82). That this issue has burst into the open 
in the same week as the trial in California of the suit by the 
Creation-Science Research Center of San Diego against the 
Californian State Board of Education is both ironical and apt. In 
California, the creationists are complaining that the theory of 
evolution is being taught as if it were a fact, and that the 
constitutional rights of Californian schoolchildren are thereby 
being infringed. The correspondents from the National History 
Museum complain that a leading article in Nature two weeks ago 
implied that the theory of evolution is a fact. Both sets of 
complainants deserve to be taken seriously, the people from the 
museum more seriously than the creationists. Both are mistaken. 

The question they have separately raised is, 
nevertheless,interesting and important. The theory of evolution is 
now more than a century old, and has been much transformed 
and modified during that long period. The objectives of the 
theery are what they always were, however — to account for the 
diversity of species as well as for their similarities and differences, 
and also to account for the evidence of the fossil record, which 
suggests changes in the patterns of living things in the course of 
time. It is acknowledged that this apparently innocuous statement 
begs one question which some consider to be important. The word 
species implies that species exist. Some out-and-out cladists prefer 
to avoid this assumption. Many of the differences between 
apparently mutually infertile groups of plants or animals may, the 
cladists say, be differences of degree and not of kind. Although 
this issue may be important in its own right, it is not strictly 
relevant to the status of evolution as a theory. Cladistics, a 
technique of classification, is in no sense inconsistent with the 
theory of evolution. Indeed, on the face of things, cladistic 
systems of classification should be more easily accommodated 
with the theory of evolution than those based on species. Cladism, 
therefore, is irrelevant to this journal’s quarrel with the Natural 
History Museum, at least as now defined. 

Another begged question lies in the word evolution. It is widely 
agreed that the fossil record implies substantial changes from one 
time to another in the pattern of extant living things, but it 1s not 
self-evident that the relationship between one pattern and a later 
pattern is properly described as evolutionary. That term implies 
that the pattern of living things at any time is determined by the 
pattern of living things at any earlier time and by environmental 
influences in the interval. Technically, evolution is a stochastic 
process. Because the fossil record can be (and frequently has 
been) interpreted in different ways, it is important openly to 
acknowledge that the essence of Darwinism includes two 
propositions — first, that successive stages in the fossil record are 
indeed related to each other in an evolutionary fashion and, 
second, that the mechanism of the transition from one to another 
consists of natural selection. So much even the creationists 
accept. It is not the content but the status of Darwinism that is 
now disputed. 

But is not the theory of evolution simply a theory, a kind of 
glorified hypothesis that may be knocked down at any time, either 
because it is falsified or because a better theory comes along? This 
is what the round robin from the Natural History Museum asks. 
(The creationists, of course, go further.) The issue is complicated, 
and much confused by over-hasty readings of what Sir Karl 
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Popper has written on the significance of scientific theories as 
such. Theories are, of course, putative explanations of 
phenomena, or facts. Popper’s great achievement, first of all 
stated in ‘‘The Logic of Scientific Discovery’’, was to point out 
that theories are not constructed by some non-existent logical 
process called ‘‘induction’’ but, rather, by the exercise of creative 
imagination. In the same important work, first published in 1934, 
Popper drew a sharp distinction between two kinds of theories — 
those which are capable of being falsified, for example by 
comparison with experiment, and those which cannot be thus. 
falsified. Theories of the first kind, Popper says, belong properly 
to empirical science. Theories of the second kind, those which 
cannot be falsified, he called metaphysical. One obvious example 


of such a theory is that the world was made by God. Another is 


Darwinism. a ee 

Within the terms of the definitions he has helpfully 
constructed, Popper is technically correct. The course of 
supposed past evolution cannot be rerun. Nor is it possible to 
make predictions about the pattern of life-forms on the surface of 
the Earth that will be verifiable within the lifetime of people now 
alive. (Predictions that there may be fewer whales in the southern 
oceans some years from now are not tests of the theory of 
evolution but of the resolution of the International Whaling 
Commission.) Nevertheless, the theory of evolution is not entirely 
without empirical support. Dhobzhansky’s classic work on the 
course of speciation among birds in Central America is a 
demonstration that, among one group of animals, the course of 
change is evolutionary, and that the mechanism is natural 
selection. Nevertheless, such demonstrations do not constitute a 
proof of Darwinism. They do not, for example, exclude 
Lamarckian processes or episodes of supernatural creation in past 
times. Darwinism is not the only theory afflicted by such 
problems. Cosmological theories are similarly incapable of 
falsification and are thus, in Popper’s language, metaphysical. 
But metaphysical theories are not necessarily bad theories. 
Plainly it would be absurd if Popper’s work were to be held to 
invalidate theories of evolution in general. 

So how, in these circumstances, is it possible to tell the 
difference between good and bad theories? The first requirement 
of any theory, good or bad, is that it should be consistent with 
such phenomena as there are, and logically self-consistent. 
Darwinism is consistent with the data to which Darwin had access 
more than a century ago. One of the remarkable features of the 
theory is that it remains consistent with the vastly greater body of 
data now available. Yet Darwinism might have been falsified by 
any one of the host of discoveries of the past century. Although 
there is a certain randomness in the way in which palaeontological 
findings come to light, so that it is not possible to say that this 
current of discovery amounts to a stringent test of Darwinism, 
surely it is too wooden to insist on a strict interpretation of 
Popper’s criterion for telling when a theory belongs to “‘empirical 
science’? and when it is merely metaphysical. There is nothing in 
the letters from the Natural History Museum to suggest that the 
multitude of authors do not agree with that modest assertion. 

On the grounds of internal consistency, Darwinism has also 
triumphed quite remarkably. In Darwin’s time, the phylogenetic 
relationships between different living forms were inferred from 
their morphology. At the outset, it was entirely unforeseen that 
there would some day be more objective ways of constructing 
these relationships. Now, however, molecular biology has 
provided an independent (and potentially extremely powerful) 
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method of telling the relationships between species and groups of 
species, many of them only distantly related to each other. The 
result is a striking confirmation of the general character of the 
relationships suggested by Darwin and his contemporaries. To be 
sure, it is not possible to tell from a comparison of the structures 
of proteins found in primates whether people are more closely 
related to gorillas or chimpanzees, but that only goes to fill out 
Darwin’s notion of divergent evolution from some common 
stock. At the same time, however, the quite remarkable constancy 
of some materials, the histone proteins for example, is vividly 
suggestive of the common origin of all living things, and of their 
persistence over time. Creationists would, of course, insist that 
none of this constitutes a proof of Darwinism in the strict sense. 
(If the histones are that special, God may have had no choice but 
to use them over and over again.) But the way in which the theory 
of evolution has been able to survive such a long succession of 
discoveries bearing on the mechanism of inheritance — the 
rediscovery of Mendelism, the discovery of chromosomes, the 
recognition of what genes are and the recognition that genes are 
usually pieces of double-stranded DNA — is striking evidence of 
its overwhelming consistency. No theory of such a grand scope in 
the physical sciences has done as well in the past century. 

Logically, however, none of this amounts to proof. Popper, the 
creationists, the Natural History Museum and everybody else 
agree. It is also fair to acknowledge that there are matters on 
which a better agreement between theory and sketchy data 
is desirable. Much has been made of the episodic nature of the fossil 
record — the apparently long persistence of some species, the 
apparently sudden appearance or disappearance of others. If, 


however, the internal consistency of Darwinism cannot be- 


counted as a proof, the supposed ‘‘gaps’’ in the fossil record, 
which may be a consequence of sampling bias of the kind that 
besets cosmology, cannot be counted as a disproof. It is also true 
that too little is known of the molecular structure of 
chromosomes (chromatin) for the mechanism of speciation to be 
fully understood. The time scale of supposed evolution is another 
supposed difficulty. How, the creationists ask, can the acme of 
evolution so far — the evolution of hominids — have been 
accomplished in a mere million years or so when it is supposed to 
have taken a thousand times as long to produce the first 
multicellular organisms? Honest Darwinists will reply that there 
are at present very few means of making quantitative calculations 
of this kind but they may also point to the way in which molecular 
biology is showing how a few genes may determine a surprising 
range of functions. In other words, there is no particular reason to 
suspect that outstanding problems of agreement between 
qualitative expectation and inadequate data will not in the end be 
accommodated. Creationists would naturally disagree. The 
Natural History Museum would probably have an open mind. 
But what of the ways in which Darwinism may have to be 
amended? In the past few months, for example, the experiments 
of Gorczynski and Steele (see Nature 19 February) have fanned 
excitement among the sceptics because they suggest that 
Lamarckian inheritance (acquired characteristics and all that) 
may be possible, in the laboratory if not in real life. So, if those 
experiments are confirmed, would Darwinism be dead? On strict 
logic, giving the two components of Darwinism (evolution and 
natural selection) equal weight, the answer would be yes. From a 
more practical point of view, the answer would take the form “‘it 
depends’’. If there turned out to be a well-defined set of 
circumstances in which Lamarckian inheritance occurred, and if 
these circumstances were in some sense exceptional, then the 
modification of Darwinism that would be required would be 
comparable with Einstein’s modification (in special relativity) of 
Newtonian mechanics. ‘‘Darwinism is dead, long live 
Darwinism’’ would be the shout. And it is inconceivable that the 
circumstances could be other than exceptional — the regularity of 
the phylogenetic relationships revealed by molecular biology may 
not be a proof of Darwinism but they give the lie to Lamarckian 
inheritance as the engine of evolution. But even these 
considerations are for the time being irrelevant; the experiments 
concerned, which are capable of other than Lamarckian 


interpretation, have not been confirmed. Most probably, the 
signatories of the letter from the museum would agree. 
Creationists would say that the argument is irrelevant. 

Why, then, are the museum and Nature, both moderate 
institutions, at loggerheads? The leading article complained of 
did not ask that the theory of evolution ‘‘should be presented as 
fact” but protested at the use of the phrase “If the theory of 
evolution is true ...’’ in a document intended for public 
circulation. The same article asked scornfully whether ‘‘. . . the 
theory of evolution is still an open question among serious 
biologists?” Two separate points arise, the first a matter of: 
presentation. Knowing that large sections of the general public 
are sceptical of Darwinism, can it be sensible to use the phrase ‘‘If 
the theory of evolution is true ...*’ when the museum’s 
judgement is that there is ‘‘overwhelming circumstantial 
evidence” for Darwinism? To do so is to avoid challenging the 
sceptics when this is not merely possible but necessary. While 
some who doubt Darwinism do so on respectable grounds, others 
claim that the course of events may be determined by literally 
supernatural influences. Theories of that type are not even 
metaphysical — they are simply unscientific. oo i 
~ Nobody asks that the museum should declare a faith in 
Darwinism that would be unwarrantable but merely that it should 
choose its words more carefully. As the museum’s brochure now 
reads, there is nothing to help the innocent reader to distinguish 
between alternatives to Darwinism such as the argument due to 
Hoyle and Wickramasinghe that the Earth has been repeatedly 
repopulated with living things (which is in principle a scientific 
theory, but for the time being metaphysical in Popper’s sense) and 
entirely unscientific theories such as those of the creationists. It is 
mystifying that the museum should not have discovered this 
danger for itself. That is why the ambiguity of its public brochure 
is so shocking. 

The second issue to which the museum needs to pay attention 
concerns its place within the professional community. The 
museum is a distinguished centre of scholarship. Given its 
interests, the museum’s scholars are bound from time to time to 
be caught up in controversy. Its flirtation with cladism, although 
entirely proper and permissible, shows what passions can inflame 
those who look to the museum as a partner in research. Such 
troubles are unavoidable. On the evidence of the recent past, and 
to its credit, the museum has not been afraid to push its collective 
view that cladism is a valuable technique for classifying 
Organisms. So why should it be so diffident in its approach to the 
grand theoretical issues? That Darwinism may ultimately be 
falsified is beyond dispute, but — if the round robin represents a 
collective view — the museum’s ostentatious agnosticism on the 
subject is potentially dispiriting for the rest of us. If, in the 
museum’s view, Darwinism is ‘‘seriously an open question” in the 
sense that some of the doubts about Darwinism raised in recent 
years are taken seriously, then it should take the lead in throwing 
light on these disputed issues. Who else? Yet there is no sign that 
the museum’s research programme differs radically from what it 
has been in recent years. 

The trouble with agnosticism is that, however well justified 
logically, it can be carried too far. If young scientists are brought 
up to believe that by their essence all theories are either falsifiable 
or metaphysical, is there not a serious risk that regard for the 
scientific enterprise as a means of understanding how the world is 
made will be undermined? Their elders are similarly seduced into 
the belief that, because nothing can be true, grubbing for data is 
all that matters. Whatever the philosophical position, there is no 
way of denying that people’s emotions are engaged by the 
strengths and weaknesses of theories. To acknowledge that is not 
to acknowledge human frailty but simply (following Popper) that 
the construction of theories is a creative process, constrained only 
by conventions intended to suppress both speculation and 
prejudice. In all this, however, one prejudice is allowable, even 
necessary — the preconception that theories can be constructed 
to account for all observable phenomena. That is what the 
creationists cannot accept. It would have cleared the air if the 
signatories from the museum had said where they stood. 
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Genentech’s 
interferon from 
yeast plasmid 


Washington 

Anybody interested in following the pro- 
gress of interferon research may soon find 
it easier to refer to the pages of the Wall 
Street Journal than to look in the scientific 
literature. Last week, shares in the West 
Coast genetic engineering company 
Genentech Inc. rose $7, from $36 to $43, 
following the company’s announcement 
that collaboration between Genentech 
and scientists at the University of 
Washington in Seattle had yielded 
interferon from genetically altered yeast 
cells. A few days earlier, shares in another 
publicly quoted company, Flow General, 
fell from 32 to 294 cents with the news that 
the company faced delays in delivering the 
conventionally produced fibroblast inter- 
feron which it has agreed to supply to the 
National Cancer Institute for clinical trials. 

The Genentech announcement was 
made during the First Annual Congress of 
Recombinant DNA Research, a privately 
sponsored meeting held in San Francisco. 
It represents the first public announcement 
of the successful use of yeast to produce 
mammalian proteins, although several 
other universities and companies are also 
working in the field and have yet to make 
their results known. 

The techniques were developed by 
scientists in the University of Washington’s 
genetics department, which has been 
studying the genetics of yeast since 1950. 
Dr Benjamin Hall, chairman of the depart- 
ment and one of the leaders of the research 
team, feels that the use of yeast could 
improve methods of producing interferon 
by up to a factor of ten. 

Genentech has subsequently announced 
that it expects to be marketing interferon 
“before 1985°’. The company’s vice- 
president, Mr Frederick Middleton, told a 
meeting of security analysts in San 
Francisco that the company’s new human 
insulin, being developed with Eli Lilly and 
Co., would probably be on the market by 
the end of 1983. This would be followed 
within a year by human growth hormone, a 
bacterially produced version of which is 
now being tested on 20 children at the Great 
Ormond Street Hospital for Sick Children 
in London (see Nature 5 March, p.6). 

Despite the long-term prospects, Mr 
Robert Swanson, the company’s president, 
warned the analysts not to expect 
impressive performance figures from the 
company before it begins to market 
products. Citing: the need for heavy 
investment in research and development, 
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as well as clinical trials, Mr Swanson said 
that in the next 12 to 24 months ‘‘it 
mightn’t be possible to show a profit on a 
quarter-to-quarter basis’’. 

In contrast to its bullish reaction to 
Genentech’s news about interferon 
production, Wall Street responded less 
kindly to the announcement from Flow 
General that the first delivery of human 
fibroblast interferon to the National 
Cancer Institute would be delayed because 
of contamination problems with the cells. 

The company’s biomedical subsidiary, 
Flow Laboratories, has signed a contract 
with the institute to provide 50,000 million 
units of fibroblast interferon — enough for 
50,000 doses — using a technique invented 
and patented by the Massachusetts 
Institute of Technology in which the 
interferon-producing cells are grown on 
the surface of small charged spheres. 
According to a report issued by the 
company, the viability of scaled-up 
production using the so-called “‘super- 
beads’? was demonstrated in December. 
Since then, however, contamination of the 
cells has resulted in a ‘‘setback of an 
indeterminate period” which will delay the 
deliveries to the institute, due this month, 
by ‘‘some weeks”. 

The institute is already sponsoring 


Until Genentech and the University of 
Washington, Seattle, announced their 
success with interferon, there had been 
little news, most of it gloomy, about the 
chances of expressing mammalian genes 
in yeast rather than bacteria. And this 
despite the establishment of at least one 
company, Collaborative Research Inc., 
specifically to exploit yeast. A consultant 
for Collaborative Research said last week 
that part of the problem was simply that 
not enough was known about the basic 
molecular biology of yeast to make easy 
its subversion for unnatural purposes. 
One important setback for the 
advocates of yeast occurred early on, 
when it was discovered that yeast could 
not cope with split genes. Most 
mammalian genes have their coding 
sequences interrupted by non-coding, or 
intervening, sequences. Bacterial genes 
are not split in that way and, not sur- 
prisingly, bacteria do not possess the 
mechanisms to decode the information 
encoded in split genes. The hope was that 
yeasts, more highly evolved than 
bacteria, might possess split genes and 
therefore be able to cope with 
mammalian split genes. But this has not 
proved to be the case. Indeed, the over- 
riding reason for the successful 
expression of the human interferon gene 
in yeast is because it is that human rarity 
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Benefits and snags of yeast plasmids 
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Mixed welcome for genes on Wall Street 


clinical trials at three centres using 
leukocyte interferon supplied by Meloy 
Laboratories of Springfield, Virginia, and 
at two centres with lymphoblast interferon 
produced by the Wellcome Foundation in 
London. It is also about to invite bids for 
the supply of gamma ‘‘immune’’ inter- 
feron for possible clinical trials, which has 
attractive properties distinct from the other 
more easily produced interferons. Flow 
General has reported that it is evaluating a 
process developed at New York University 
for the production of gamma interferon 
using conventional cell systems, to see if it 
would be able to produce sufficient 
quantities for further evaluation. 

There is also evidence that the market’s 
previous enthusiasm for genetic engineer- 
ing stocks is waning. When the Berkeley- 
based Cetus Corporation went public last 


Friday, its shares opened at $23, fell to a 


low of $227, and ended the day at $234. 
Although this represented a record $119 
million initial public stock offering for a 
new company on Wall Street, Cetus’s debut 
was much less spectacular than that of 
Genentech, whose shares soared from $35 
to $80 on the first day of trading, but have 
since dropped back to near their original 
price. 

David Dickson 





—~ an unsplit gene. l 
Nevertheless, advocates of yeast still | 
have reasons to be cheerful: 
è Even split genes produce unsplit | 
messenger RNA (the intermediary | 
between the chromosome and machinery | 
of protein synthesis in the cell) from 
which unsplit DNA, suitable for inserting | 
into yeast, can be made with increasing 
ease. 
@ Inasmuch as there is some redundancy 
in the genetic code, yeast tends to share 
with mammals certain preferences of 
codon usage that are not favoured by 
bacteria; consequently yeast may find it 
easier than bacteria to decode 
mammalian genes. 
è Yeast appears to have much the same 
ability as mammals to add carbohydrate 
groups to newly synthesized proteins, 
something bacteria cannot do; the 
carbohydrate groups may be essential for 
the activity of certain proteins. | 
© From at least the time that Bacchus 
sprang from the thigh of Zeus, there has 
been an accumulation of knowledge of 
the large scale culture of yeast. By com- 
parison, bacterial culturing is still in its 
infancy, which perhaps explains the 
continuing problem of ‘‘phage-out’’, the | 
disaster that befalls a bacterial culture 
when it is attacked by a bacterial phage or 
virus. Peter Newmark 









&. 4981 Macmillan Journals Lid 
e 


78 


Nature Vol. 290 12 March 198] 





‘Thatcher applauds genes 

Britain’s Prime Minister, Mrs 
Margaret Thatcher, was told last week 
that the public stood to gain an annual 
return of 157 per cent on its investment in 
basic research into the applications of 
recombinant DNA techniques through 
cost reductions in pharmaceutical and 
other commercial products. In compari- 
son, the heavy investment in research and 
development, as well as production 
facilities, meant that companies might on 
average expect a more modest return of 
about 15 per cent. 

Mrs Thatcher was given these figures 
by Dr Leslie Glick, president of the 
Rockville-based company Genex 
Corporation, when she visited the 
company’s laboratories during her stay in 
Washington. Dr Glick said that the 
company had calculated that in 20 years 
time, $40,000 million out of $125,000 
million in worldwide sales of a variety of 
products would be obtained by using 
genetically engineered microorganisms. 
Out of the total, $140,000 million would 
be obtained from microorganisms 
making products that already exist, and 
the remaining $26,000 from products 
which are not now economical to make. 

These figures would translate into 
earnings of $3,500 million for corpor- 
ations after 20 years, half coming from 

| petrochemicals being made biologically. 
| Total private investment in plant, 
equipment and research and 
development would total $24,000 
million; in contrast, public support for 
basic research was likely to be at the most 
$3,000 million, whereas the public would 
‘benefit by $2,400 million in savings and 
_ $2,300 million in taxes on products sold. 
| Mrs Thatcher said that she “totally 
agreed’’ with Dr Glick’s reservations 
about attempting to promote genetic 
engineering technology through govern- 
ment investment rather than private 
entrepreneurship. Individual investors 
were willing to risk something if they 
stood to gain a great deal, she said, and it 
was also exciting — ‘‘better than betting 
on horses’’. 


Darwin in California 


No verdict 


Washington 

Biology teachers in the United States are 
breathing a little more easily this week. 
Last Friday, a California judge ruled that 
the teaching of evolution in schools does 
not necessarily undermine the religious 
beliefs of those who accept the biblical 
description of human origins, The claim 
has been made by Mr Kelly Segraves, 
director of the Creation Science Research 
Center in San Diego, in a suit brought 
against the state’s Board of Education on 
behalf of his son. But, after broad 
philosophical questions about conflict 
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between the Darwinian and ‘‘creationist”’ 
interpretations of biology had been 
reduced to the narrower question of 
whether evolution is being taught too 
dogmatically in Californian schools, the 
judge ruled that he found little wrong with 
the state’s present practices. 

The case had excited wide interest and 
had been widely talked about as a successor 
to the Scopes ‘‘monkey trial’’ in Tennessee 
in 1925. Last week, the creationists swept in 
like lions, charging that the teaching of 
Darwinian evolution in schools was an 
offence to their religious beliefs, and thus a 
direct infringement of the First 
Amendment, which guarantees freedom of 
religion, but they left relatively tamed, 
arguing merely for changes in the 
guidelines which the state provides for 
public school biology teachers on how 
evolution should be taught. Their demands 
that alternative theories about human 
origins should be discussed in biology 
classes were dropped. 

The turning point came on the second 
day of the trial, after the plaintiffs’ 
attorney had claimed that there was a direct 
conflict between his clients’ beliefs and the 
State’s approach to teaching evolution, 
exemplified by the current guidelines, 
which state that evolution ‘‘has been going 
on for so long that it has produced all the 
groups and kinds of plants and animals 
now living’’ as evidence that his clients’ 
religious rights were being infringed. 

The attorney, Mr Robert Turner, then 
surprised the court by withdrawing the 
original complaint that the state was trying 
to establish the teaching of a secular 
religion through school biology teaching. 


' Judge Irving H. Perluss accordingly ruled 


out debate on the scientific beliefs of Mr 
Segraves and therefore any attempt to 
demonstrate the relative merits of creation 
theories and Darwinism. As a 
consequence, the defendants were not 
able, as they had planned, to call the twenty 
scientists recruited as witnesses for 
Darwinism by the National Association of 
Biology Teachers. They included Nobel 
Laureate Arthur Kornberg and astronomer 
Carl Sagan. 

Another issue ruled out by the judge 
concerned school teaching practices. On 
the second day, the plaintiff's son, 13-year- 
old Kasy Segraves, said he had been taught 
that man evolved from the apes ‘‘as fact”. 
The defendants sought to call his teacher as 
a witness, both to repeat a denial she had 
made in the press and to point out that the 
discussion had taken place in a social 
science, not a biology class. Judge Perluss 
refused to allow this line of argument, 
invoking a state law which bans evidence 
that would prejudice a case to a greater 
degree than the value of the evidence. 

On the final day of the trial, a member of 
the state’s Board of Education, Mrs 


Marian Drinker, testified that for the past. 


eight years —. and following earlier 
criticism of approved school textbooks by 
fundamentalist religious groups — the 


state had adopted a policy that Darwinian 
evolution should be taught as theory and 
not dogma. The board had at the time 
issued a statement requiring that in school 
texts ‘‘dogmatism should be changed to . 
conditional statements where speculation 
is offered for origins’’, and that they 
“should emphasize ‘how’ and not the 
ultimate cause for origins”. In his 
judgement, the judge directed that the 
Department of Education should 
recirculate a memorandum containing this 
policy statement to all schools in 
California, to textbook publishers and to 
anybody else who had received the guidelines 
in the past or would in the future. 

Even this was interpreted as a partial 
victory by the creationists, who argued that 
it represented ‘‘the first move in a chess 
game’’, and vowed to continue their fight 
against the teaching of evolution in 
schools. The state authorities and their 
scientific advisers, however, said that the 
verdict was a complete vindication of the 
way that evolutionary theory is at present 
taught in biology classes, pointing out that 
the judge in his summing up had stressed 
the importance of not mixing religion and 
science. David Dickson 


European space agency 
Sixes and sevens 


The plans of Eric Quistgaard, the new 
director-general of the European Space 
Agency (ESA), have thrown the 11 member 
states into hot dispute over the agency’s 
future, Three months after the plans were 
announced, the delegates to the council are 
no nearer agreeing a draft that would lay 
down the agency’s structure and aims for 
the next 10 years. The fear that ESA may 
collapse if member states cannot reconcile 
their individual ambitions may be realized 
if agreement is not reached within a few 
months. 

ESA suffers from all the troubles of 
multi-national, multi-purpose agencies. 
The latest crisis has been brewing for the 
past two years as the agency’s two largest 
projects, the Ariane launcher and 
Spacelab, have been drawing to a close and 
no new projects of comparable size have 
been agreed to replace them. Quistgaard’s 
solution, to reduce the agency’s total 
budget from about £480 million to £285 
million a year by 1982, has been agreed by 
most member states. But his suggestions as 
to how the reduced budget should be spent 
have opened up old wounds. 

West Germany is the only country so far 
to support Quistgaard’s plan to increase 
the mandatory science budget by 50 per 
cent over the next decade. Although all are 
thought to support the notion that the 
European scientific community should 
support more space science, few are willing 
to commit the funds which they would 
prefer to spend as they wish on voluntary 
programmes. 

The reduced budget will mean that some 
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selectivity is necessary and the latest 
dispute seems to be over which pro- 
grammes the agency should concentrate 
on. The principal candidates are telecom- 
munications, space transportation systems 
and Earth resources, with Spacelab and 
rocket-borne micro-gravity experiments a 
minor option. 

The option standing the greatest chance 
of success is the Earth resources project. 
Many member states agree that Europe 
should be more active in the field, and a 
decision is due later this year on whether to 
go ahead with ERS 1, ESA’s first remote 
sensing satellite for oceanographic studies. 
A more controversial plan for future Earth 
resources satellites is also to be planned. 

But the greatest dispute is over what 
should be done about telecommunications, 
supported by Britain, Italy and the smaller 
countries, and space transportation 
systems, supported by France. France and 
Germany, by far the biggest space spenders 
inside and outside the agency, opted out of 
ESA’s Large Commununications Satellite 
(L-sat) when they decided to build jointly a 
large satellite for direct broadcasting. Both 
countries would prefer telecommunica- 
tions satellites, already showing com- 
mercial potential, to be built outside ESA 
which is primarily a research and 
development agency. 

The future of L-sat will probably be 
assured later in the year when Britain, Italy 
and the smaller nations give it their 
approval. The question then will be 
whether to build the next generation of 
advanced telecommunications satellites 
within the agency or within French and 
German industry. The issue is particularly 
sensitive for Britain, which has recently 






























One step to LEP 

The UK Advisory Board for the 
Research Councils has recommended to 
Secretary of State Mark Carlisle that 
Britain should support LEP — the SF 960 
million electron—positron collider 
planned for the European subnuclear 
physics laboratory, CERN, near Geneva. 
If Mr Carlisle accepts the board’s advice, 
British delegates at CERN’s June council 
meeting will vote for LEP to be included 
as an integral part of CERN’s future 
programme, not as a separate project as 
some factions — particularly in Sweden 
— would like. 

Meanwhile, LEP has shrunk — if not 
in cost, in size. A new design has LEP 
only 27 km in circumference, so only 8km 
of the accelerator tunnel will be under the 
French Jura Mountains to the north of 
the CERN site. In this way LEP will avoid 
aregion of fractured and unstable rock — 
the “trias — which was threatening 
substantial increases in civil engineering 
costs. Improvements in machine design 
will enable the new LEP to reach the same 
energy without any increase in power 
consumption, Robert Walgate 
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decided to built up its telecommunications 
industry in the hope that ESA could 
provide more support. 

The dispute has driven the ESA members 
into two camps — the smaller countries led 
by Britain, and France and Germany who 
put up most of the money for Ariane and 
Spacelab. It is feared that France and 
Germany could decide to contribute even 
less to the agency than M. Quistgaard’s 
plan envisages, preferring instead to put 
more money into their own well-developed 
space industries. That could weaken the 
agency to the point where it could not 
afford to run its own basic support 
facilities. As yet, however, according to 
one official, nothing is certain and 
anything is possible. The next few months 
should determine the future. 

Judy Redfearn 


Chemical warfare 


Budget increase 


Washington 

The first signs that President Reagan will 
implement his election promise to produce 
chemical weapons came last week in the 
Defense Department’s budget proposals. 
The Pentagon has confirmed that the 
$222,200 million budget for the next fiscal 
year will include $20 million for con- 
struction work ona plant at the Pine Bluffs 
arsenal in Arkansas for producing binary 
chemical weapons. 

Provisional approval for the building of 
the plant was given by Congress last 
year, but since then there has been intense 
lobbying by church groups and other pro- 
testers, while the previous Defense 
Secretary, Harold Brown, was lukewarm 
on the project. This is why funds for the 


first stage of its construction were not . 


included in President Carter’s budget sub- 
mitted to Congress early in January. 

Pentagon officials are at pains to 
emphasize that the request for $20 million 
does not necessarily mean that Mr Reagan 
plans to end the moratorium on the pro- 
duction of chemical weapons begun by 
President Nixon in 1970. But they think 
that the new president is ‘‘leaning in that 
direction” and that his second budget a 
year from now would ask for a further $140 
million to build full-scale manufacturing 
facilities. 

Throughout the past decade, the US 
Army has kept up the pressure for 
reduced production, arguing that even 
if only a small stockpile of chemical 
weapons were required for deterrence, 
binary weapons could be stored more 
safely than those in which active chemical 
agents are present from the start. For some 
time, the army has been embarrassed by the 
leakage of nerve gas from ‘‘Weteye’’ 
bombs stored in Colorado. 

Congress refused to fund the 
construction of binary weapons in 1975 
and 1976, with the result that the US 
Army’s interest in going ahead was dis- 
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couraged by the White House in succeeding 
years. There is, however, evidence that 
President Carter may have relaxed his 
previous opposition to chemical weapons 
shortly before leaving office. The Arms 
Control and Disarmament Agency said, 
when the president’s last budget was 
published in January, that the Admini- 
stration had agreed to an increase of 
chemical weapons activity within the 
Defense Department. The agency esti- 
mated that expenditure would grow from 
$2 million in the fiscal year 1981 to $14.4 
million in 1982. 

Among the projects foreseen in the 
Carter budget were the experimental 
development of new binary weapons ($2.2 
million) and the development of a binary 
spray bomb in which all three services had 
an interest. Production of this weapon, 
called ‘‘Bigeye’’, will require both 
presidential and congressional approval, as 
will the production of the 8-inch and 
155-mm artillery projectiles now under 
development. One of the issues that will 
concern both the White House and 
Congress is the effect of a decision to 
resume production on the negotiations 
with the Soviet Union on a chemical dis- 
armament treaty, which has been discussed 
in Geneva since August 1976. 

The Defense Department also asked 
Congress in January for $44 million for 
‘chemical defense science and 
technology” projects in 1982. This is 
considerably higher than in previous years, 
and follows recommendations about 
necessary improvements to protective 
equipment, warning devices and medical 
treatment made last summer in a study 
conducted by the Defense Science Board. 

David Dickson 


Allen’s successor 

Professor John Kingman is to be the 
next chairman of the Science Research 
Council. He will take over from Sir 
Geoffrey Allen, who is returning to his | 
old research group at Imperial College, | 
on 1 October. 

Professor Kingman, who will be 
leaving his niche as professor of| 
mathematics at the University of Oxford, 
is an unusual choice, having had no 
experience of experimental science. His 
work has been in mathematics and 
statistics. Since 1979, however, he has 
been chairman of the council’s science 
board. The board’s zeal for awarding 
research grants was largely responsible 
for overspending by the council to the 
tune of £10 million in 1979-80. 

The Department of Education and 
Science, which made the appointment, 
had apparently hoped to boost the 
council’s image as a supporter of 
biological sciences by appointing a, 
biologist, but no willing candidates could | 
be found. 

Judy Redfearn | 
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Chemical industry 
ICI off course 


Britain’s largest chemical company — 
Imperial Chemical Industries Limited 
(ICI) — is turning to biology to seek a long- 
term solution to its present financial diffi- 
culties. Speaking after the company’s 
announcement of its worst share dividend 
since 1938, ICI’s research director, Charles 
Reece, said that research priorities would 
now be in biology-related disciplines — 
coupled with efforts in composite materials 
and the by-product chemistry of new 
transport fuels. 

A third of ICI’s £200 million annual 
research and development budget is 
already linked to biology. Most of this goes 
into pharmaceuticals, forming the largest 
single component (18 per cent) of ICI’s 
research. ICI also has the world’s largest 
single-cell protein fermenter and has used 
genetic engineering to modify the protein- 
producing organism Methylophilus 
methylotropus to improve its carbon 
efficienty (see Nature 287, 396; 1980). The 
modified organism is not in production 
yet, but only ‘‘technicalities’’ delay its use. 

Reece would not say what products ICI 
would make through genetic engineering 
except “‘the obvious ones’’: proteins for 
human, animal and plant health. The 
company is paying special attention to 
plants — too little is yet known of plant 
molecular genetics to expect a quick return, 
but since it is an area of ignorance, it is also 
likely to be an area of opportunity. 

But this is long-term thinking. In the 
short run, ICI is not about to jump on the 
bandwagon of small-volume, higher added 
value products recommended by the 
pundits of the chemical industry — unlike, 
say, BP Chemicals, which last week 
announced a £4 million investment in a new 
plant at Hythe to produce hydroxyalkyl- 
acrylates for speciality paints and other 
uses. Speciality chemicals, the argument 
goes, are — paradoxically — bought by 
many small consumers, whereas bulk 
chemicals are bought only by one or two 
large buyers. So if the bulk buyers go 
down, so does the supplier. 


Pruteen — no food for the birds 
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ICI is not impressed by this generalist 
argument. The company is more concerned 
to estimate the precise needs of existing 
customers, who in a recession are being 
more exacting in the use of their money. 
This means that research and development 
in ICI should be related to those needs, but 
the difficulty is to distinguish long-term 
structural changes in needs from the effects 
of the recession, says Reece. One structural 
change might be the price of steel, with its 
high energy intensity; this is forcing 
consideration of substitute materials, 
particularly composites (rather than new 
polymers). 

Another structural change would be the 
high cost of oil causing shifts to new fuels 
— such as syncrude from coal — which will 
have new chemistries and new spin-off 
feedstocks for the chemical industry. 

So research effort should be concen- 
trated on *‘C-1 and C-2” chemistry, the 
chemistry of molecules with low numbers 
of carbon atoms as potential feedstocks. 
This would also provide flexibility: what- 
ever the principal transportation fuel 
source turns out to be, its products could be 
cracked down to low-carbon molecules to 
begin higher synthesis. 

Back in the factory, production 
processes could be optimized to the new 
economics — emphasizing thermodynamic 
balance for energy or feedstock efficiency, 
for example, or reducing the capital cost of 
equipment to allow product flexibility. 

Tight environmental regulations are 
strangling new products, Reece believes. 
“Try to get water through regulation now 
— you'd fail.” There is an element of 
double standards for new and existing 
products. But the regulations, seen in 
another light, can provide competitive 
research opportunities: to improve the 
selectivity of a pesticide, for example, so it 
might pass regulation more quickly. 

But, overall, research in ICI is being seen 
as just another part of the business, which 
must tighten its belt and show its economic 
effectiveness like all other divisions. The 
days when ICI’s corporate laboratory in 
Runcorn, Cheshire, was called ‘‘ICI’s 
university’’ are over. 

Robert Walgate 





Nature Vol. 290 12 March 198] 


Indian oil exploration 


Partners sought 


Lucknow 

Faced with the urgent need to find more 
oil, and the accompanying huge capital 
risk, the Indian government has decided to 
invite foreign oil companies to conduct oil 
exploration. A short list of 34 companies 
has been drawn up and contracts will be let 
on a production-sharing basis only to 
companies agreeing to sell their share of 
crude to India at a fair market price. 

The government is offering exploration 
rights on 32 blocks — 15 onshore and 17 
offshore — a total of about 0.66 million km. 
The public sector Oil and Natural Gas 
Commission will represent the government 
as a ‘‘non-operating”’ party in all exploration 
contracts and will be given full decision- 
making rights on any discovery. 

At present, oil exploration is carried out 
by the commission and Oil India Limited. 
The commission has discovered 585 million 
tonnes of recoverable oil and gas reserves, 
whereas Oil India has found only 47 million 
tonnes. According to a report jointly 
prepared by Soviet and commission 
experts, however, there are reserves of 
12,700 million tonnes of oil, of which 8,700 
million tonnes are in offshore and 4,000 
million tonnes in onshore areas. 

Commercial reserves were first 
discovered in the early 1920s in the Assam 
region, and in the mid-1970s crude was 
commercially produced in Assam and 
Gujarat states. Offshore exploration began 
in the early 1960s, and in the mid-1960s 
reconnaissance surveys by a Soviet seismic 
ship, Akademie Arkhangeliskey, del- 
ineated certain structures including the 
Bombay High. Oil was discovered there in 
1974 and production began in 1976. By last 
year, 88 exploratory and assessment wells 
had been drilled, of which 31 had proved to 
be dry. Other commercial discoveries 
include the offshore structures Ratnagiri, 
North Bassein, South Bassein and Tapti. 

The Indian Planning Commission has 
allocated 30,000 million rupees (£1 = 
R17.90) for oil exploration during the sixth 
plan period 1980-85, which includes 
R18,370 million for offshore activity. So 
far, offshore exploration has cost R7,250 
million with total discoveries of 250 million 
tonnes of oil and 270,000 million m° of gas 
— a potential value of R50,000 million in 
crude alone. 

India spends a sizeable amount of 
foreign exchange earnings on oil imports. 
During 1981, indigenous production will 
be 14-15 million tonnes, less than half 
domestic demand of 31 million tonnes, so 
R60,000 million will be needed to fill the 
gap. By 1985, the demand is expected to 
reach about 47 million tonnes, with 
indigenous production reaching only 21 
million tonnes. 

The Bombay High development is being 
financed by the World Bank, which 
recently offered a second instalment of 
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$400 million, having provided $150 million 
in 1977. During their recent conference in 
Vienna, OPEC finance ministers also 
approved an interest-free loan of $30 
million for the project. The present plan is 
that production capacity will rise to 12 
million tonnes per annum. 

The collaboration now sought with 
foreign companies is not new to India. In 
the 1970s, for example, the government 
invited two American and one Canadian 
group of companies to explore. They left, 


_ however, after finding their wells dry. India _ 


has also been collaborating with other 
countries in contract surveys and recovery 
or increased production technologies. _ 


Zaka Imam 


UK pharmaceuticals 


Bad risks 


The problems of getting new drugs onto 
the market have been brought home to two 
British pharmaceutical companies in the 
past few weeks. Fisons, after many years of 
costly development, have had to abandon’ 
the antiasthmatic drug Proxicromil in the 
face of evidence of ulcerogenic and 
carcinogenic activity in rats. And 
Beecham’s new antibiotic combination, 
Augmentin, has received a cool reception 
from the government’s Committee on the 
Safety of Medicines. 

In Proxicromil, Fisons thought they had 
found a successor to their major money- 
maker Intal (cromolyn). During the past 10 
years, Intal has proved to be one of the 
most effective inhaled antiasthma drugs. 
But Fisons’ patent on Intal lapses in 1982, 
and other manufacturers will be able to 
produce alternative forms of cromolyn. 

Since 1973, the company has spent 
between £12 and £15 million on developing 
Proxicromil as an orally administered 
alternative. Clinical trials had been very 
encouraging, and it looked as if Fisons had 
succeeded where others had failed and had 
found a drug which could be taken in thes 
high doses needed by the oral route without 
having unacceptable effects away from the 
site of action. 

But late in the day, only last October, 
long-term animal toxicity tests began to 
show that Proxicromil induced ulcers and 
renal tumour. Fisons acted quickly and 
halted further work on the drug despite the 
massive investment already made. 
Proxicromil had been expected to bring the 
‘company earnings of about £10 million a 
year, and the immediate reaction on the 
stock market was to reduce the market 
value of the company’s shares by £10 
million. 

Trouble in the drugs division comes at an 
awkward time for Fisons. Four fertilizer 
plants are to be closed, while the company 
is also suffering from the general slump in 
the heavy chemicals industry. Last year, 
Fisons made a net loss of £16.8 million 
compared with net profits of £12.1 million 
the year before. Other cost-cutting moves 
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include closure of the London office. 

Beecham’s immediate problems are not 
so grave. But the Committee on the Safety 
of Medicines, which is technically advisory 
to the Department of Health, is quibbling 
with the company over the indications 
which should be listed for its new antibiotic 
Augmentin. 

This is a combination of the semi- 
synthetic penicillin amoxicillin with 
clavulanic acid. The clavulanic acid is there 
to block the action of B-lactamase enzymes 
produced by penicillin-resistant organisms 
and so protect the active amoxicillin. 

The committee is broadly suspicious of 
any combination of drugs, considering that 
general use might cause problems of 
multiple drug resistance in the long term. It 
seeks to restrict the use of Augmentin to 
only the severest of infections in adults and 
has suggested it be used only for infections 


with Gram-negative bacteria, mostly. 


urinary tract infections and bacterial 
gastroenteritis. Beechams had in mind a 
wider range of applications. What happens 
now is that the company will resubmit its 
views to the committee, pointing out the 
benefits to be had by a wide use of 
Augmentin. And sooner or later a final list 
of indications will emerge. 

Charles Wenz 


Telecommunications 


Bell’s bother 


Washington 

The future of one of the world’s largest 
private research institutions, the Bell 
Laboratories, once again hangs in the 
balance following the failure of its parent 
body, the American Telephone and 
Telegraph Company (AT&T), to reach a 
settlement with the US Justice Department 
on anti-trust charges. 

The trial of the Justice Department’s suit 
against AT&T opened on Wednesday, 4 
March in New York. The lawyers are 
settling in for what may be a two-year spell. 
Last month, a day after the suit had come 
to court, the case was adjourned when both 
sides informed Judge Harold H. Greene 
that the ‘‘framework’’ for a consent decree 
settlement had been reached. The trial was 
deferred to allow the details of the 
settlement to be worked out providing the 
ground rules under which the company will 
be allowed to operate in new areas of tele- 


communications, such as information’ 


processing. A fortnight ago, however, 
negotiations over the terms of the 
settlement broke down. 

The suit filed by the government alleges 
that AT&T had abused its monopolistic 
power over the US telephone system in the 
1960s and 1970s, and required the company 
to divest itself of various parts. This would 
have included not only 23 operating 
telephone companies and an equipment 
manufacturer, but also part of the Bell 
Labs, where much of the world’s basic 
research into telecommunications is 
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carried out. Although no formal 
announcement was made by either sside 
about the rumoured settlement, it was 
generally believed that the laboratories 
would not have been affected. 

With the breakdown of the negotiations, 
however, there is no longer any assurance 
that the laboratories will remain 
untouched, and it seems likely that the final 
settlement could be less favourable to the 
company. 

A major uncertainty at present is the 
likely attitude of the new Administration, 
whose refusal to approve the framework 
negotiated under the Carter Administra- 
tion has been cited as one of the reasons for 
the delay in reaching an agreement. 

Last week, President Reagan announced 
the nomination of Stanford law professor 
William F. Baxter as Assistant Attorney 
General in the Department of Justice 
responsible for anti-trust affairs. Mr 
Baxter has previously spoken out against 
large divestiture cases, and the Office of 
Management and Budget has recently 
proposed terminating the anti-trust 
activities of the Federal Trade 
Commission, both factors which were, 
thought to be in AT&T’s favour. 

However, lobbyists for AT&T’s 
competitors cite a paper in the American 
Bar Association’s Antitrust Journal 
written by Mr Baxter in 1977 in which he 
argues that divestiture may be the 
appropriate remedy in cases involving 
regulated monopolies. 

The resumption of the trial has also 
provided an excuse for renewed attempts 
on Capitol Hill to develop legislation aimed: 
at breaking up AT&T, on the grounds that 
the future control of telecommunications 
technology is too important to be left to 
regulatory commissions or to the courts. 

Last week, Timothy Wirth, the new 
chairman of the House subcommittee on 
telecommunications, consumer protection 
and finance, said that the House was 
prepared to step in with legislation to 
increase competition in the telecom- 
munications industry. Members of the- 
Senate Commerce Committee are also 
considering draft legislation. 

Last year, the House committee passed 
legislation which would have required the 
company merely to undergo an internal 
restructuring, setting up a subsidiary to 
carry out the research and development of 
competitive services. Such legislation had 
long been sought by AT&T, but was 
opposed by its competitors on the grounds 
that it would be pre-empting the Justice 
Department suit. 

The latest challenge to AT&T comes 
from a group of shareholders, who are 
proposing at the company’s annual 
meeting next month that it change its name 
to either American Telephone and 
Technology Inc. or American Telephone 
and Telecommunications Inc. to reflect the 
new areas of operation that the company is 
keen to enter. Both changes are opposed by 
thecompanyitself. David Dickson 
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New IQ test? 


Sir — Mackintosh! finds my theory of 
intelligence ‘‘distinctly simple” but allows that 
the findings of the inspection-time (IT) studies 
are ‘‘possibly very important’. I largely agree 
with him on both counts. No one who has 
steeped himself in modern ‘‘cognitive 
psychology” —- with its legions of black 
boxes, ‘‘executive programmes” and 
“subroutines”, resembling phrenology in all 
but the apparent infinity of the number of 
mental mechanisms that are now conjectured 
— can readily accept that intelligence is truly 
general or unitary. As Mackintosh writes, 
“there might be a variety of independent 
traits, which happened to correlate with one 
another in the general population.” Such a 
lofty invocation of chance “happenings” is 
commonly preferred by cognitivists to any 
systematic endeavour to explain why so many 
measures of mental ability correlate positively 
as they do. 

Professor Mackintosh writes: “A 
correlation between IO and inspection time 
does not mean that IQ is mental speed, nor 
even that speed is one (of several) causes of 
IQ.” I quite agree with him on the first point 
-~ if only for the reason that it is important to 
distinguish between the hypothesized ‘‘mental 
speed” on the one hand and its natural, 
developmental products (in conventional IQ) 
on the other. But Mackintosh offers no 
support for his suggestion that the causa! 
relationship between speed and IQ “might 
even go in the reverse direction’’. It is easy, 
and indeed very traditional to suggest that a 
higher IQ gives a person many advantages. 
But why should one of the largest of these 
advantages — larger than those for 
educational attainment, income or social 
prestige — be in judging briefly presented line- 
lengths? Again, if IQ were causal to IT, it 
should be noted that one of the studies which I 
have reported (by Brenda Hosie) found a 
strong correlation (-0.78) between IQ and IT 
in children who were only four years old. This 
hardly looks like a straightforward case of a 
high IQ providing numerous, small and 
cumulative advantages over a long period of 
development. 

I do not claim to have ‘‘proved’’ that 
mental speed is psychologically and 
ontogenetically basic to 1Q-differences. 
Indeed, even when it becomes possible to 
manipulate inspection times experimentally 
(by drugs, for example), mental speed 
differences may not be able to account for at 
least that 20 per cent of natural IQ variance 
that is widely agreed to be ‘‘environmental’’ in 
origin. However, I do suppose that scholars of 
cognitivist and environmentalist persuasions 
will need great imaginativeness to formulate 
explanations of the 1Q-IT relationship that do 
not involve the concept of a unitary, 
underlying trait for which g is the time- 
honoured name and psychometric indicator, 
and for which ‘mental speed’’ will prove a 
convenient psychological short-hand. 

There are numerous potential applications 
of the finding that IT (and, as Jensen and the 
Hendricksons find, ‘‘choice reaction time” 
and the ‘‘average evoked cortical potential’) 
can apparently serve to index intelligence. It 
should at last be possible to operationalize the 


concept of intelligence in studies of young 
human infants and of other species; and this 
may lead to rapid advances and changes in the 
understanding of how intelligence is controlled 
and of how it develops. But Mackintosh 
doubts that any results obtained with different 
human racial groups could influence cherished 
convictions. I fail to understand why. My own 
view — outlined in a forthcoming paper — 
happens to be that conventional measures of 
fluid intelligence are not quite such pure 
measures of g as Jensen loyally maintains: this 
is principally because some of them are a little 
contaminated by k:m (or “spatial abilities’’). 
I, for one, would feel obliged to modify this 
view if IT indices gave Afro-Americans the 
same degree of disadvantage that they have on 
conventional measures of IQ. Whether ‘‘the 
critics of IQ” could ever be persuaded to 
change their views as a result of such studies is 
not the question. So long as the IQ-IT 
relationship proves generally replicable, new 
evidence about IT in non-WASP subjects 
should have appropriate effects on the 
scientific views of all reasonable people. 

C.R. BRAND 
Department of Psychology, 
University of Edinburgh, Edinburgh, UK 


1. Mackintosh, N.J, Nature 289, 529-530 (1981). 
2. Brand, C.R. & Deary, in Models of Intelligence (ed. 
Eysenck, H.J.j (in preparation). 


Darwin’s survival 


Sir — Your leading article ‘‘Darwin’s death in 
South Kensington” (Nature 26 February, 
p.735) illustrates ‘‘the rot at the museum” by 
quoting a passage from our 1978 Guide. How 
odd, for that passage was drafted (by me) as a 
conscious paraphrase of the part of Chapter 
13 in The Origin of Species in which Darwin 
discussed the relation between his theory and 
systematics. ‘*Groups-within-groups 
classification”, which you take to be a 
"popular euphemism for cladism”’ and its 
attendant heresies, is not hidden propaganda 
but a contraction of Darwin’s words — “‘the 
grand fact in natural history of the 
subordination of group under group.” 

The ‘‘weasel words’ which so incense you 
are ‘‘If the theory of evolution is true.” I have 
tried replacing them by your own criterion of 
truth: “If the theory of evolution is not an 
open question among serious biologists, the 
features used to classify species in groups. . . 
were acquired by the common ancestor of the 
group.”* It does not read well. 

Your readers may try the substitution in the 
equivalent passage from Darwin: ‘‘on the view 
that the natural system is founded on descent 
with modification... the characters which 
naturalists consider as showing true affinity 
between any two or more species, are those 
which have been inherited from a common 
parent.” And your readers can answer for 
themselves your question ‘‘what purpose 
except general confusion can be served by 
these weasel words?’’ The reader may also be 
able to judge whether the rot is to be found 
here or in Little Essex Street. 

COLIN PATTERSON 
British Museum (Natural History), 
London SW7, UK 
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Sir — As working biologists at the British 
Museum (Natural History) we were astonished 
to read your editorial ‘“Darwin’s death in 
South Kensington” (Nature 26 February, 
p.735). How is it that a journal such as yours 
that is devoted to science and its practice can 
advocate that theory be presented as fact? This 
is the stuff of prejudice, not science, and as 
scientists our basic concern is to keep an open 
mind on the unknowable. Surely it should not 
be otherwise? 

You suggest that most of us would rather 
lose our right hands than begin a sentence with 
the phrase ‘‘If the theory of evolution is true 
...’ Are we to take it that evolution is a fact, 
proven to the limits of scientific rigour? If that 
is the inference then we must disagree most 
strongly. We have no absolute proof of the 
theory of evolution. What we do have is 
overwhelming circumstantial evidence in 
favour of it and as yet no better alternative. 
But the theory of evolution would be 
abandoned tomorrow if a better theory 
appeared, 

Charles Darwin died nearly a century ago 
and is honoured at South Kensington as a 
great man of science. It does neither him nor 
science any service to misrepresent the status 
of his work. 

H. W. Batt, A. Gray, L.A. MOUND, 

J.F.M. Cannon, C.J. HUMPHRIES, 

H.M. Piatt, G.C.S. CLARKE, P.W. JAMES, 

J.H. Price, R.F. Easrwoop, A.C. Jermy, 

N.K. B. Rosson, P.L. Forey, D.M. JOHN, 

C.B. STRINGER, J.D. Georce, S.W. Jones, 

D.A. Sutton, M.Girggy, R.S. MILES, 

R.L VANE-WRIGHT AND P.J.P. WHITEHEAD 
Departments of Botany, Entomology, 
Palaeontology, Public Services and 
Zoology, British Museum (Natural History), 
London SW7, UK 


Conservation sites 


Six — It can hardly be doubted that the 
number of species alive today is much smaller 
than the number of extinct species, nor that 
the future, unless it be preternaturally 
terminated, will see a proliferation of types of 
life exceeding all which have gone before. 
From this I conclude that extinction is the 
normal if not the necessary consummation of 
any species. If this is so, to attribute value to 
any species simply because it happens to co- 
exist with an observer, and still more, to 
attribute greater value to a species which, by 
its rarity, demonstrates its biological 
deficiency, reveals in that observer either or 
both a level of prejudice and lack of reason 
which gives cause to doubt his judgement on 
the matter of conservation even though he be a 
professional. Yet this is the essence of the 
action of the Nature Conservation Council in 
designating ‘‘sites of special scientific 
interest’’. Were these sites to be set up with no 
loss of freedom to anyone, and more 
importantly, no cost to any individual, their 
institution might be treated as innocent 
caprice. The real consequence of the foolish 
advice given by the Nature Conservation 
Council is that their political masters 
impoverish the owners of the land involved, in 
the belief that they are preserving a national or 
even international treasure. Dr Goode of the 
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The intergalactic medium 


To many astronomers, the search for 
intergalactic matter resembles the quest for 
the holy grail. Theory tells us un- 
hesitatingly that the remnants of the huge 
clouds out of which galaxies formed should 
still be in intergalactic space. The process 
of galaxy formation, like practically 
everything else in astronomy, was 
inefficient. The vestiges of protogalaxies, 
or embryonic galaxies, should pervade the 
Universe as wispy filaments or clouds, and 
be embedded in a uniform intergalactic 
medium (IGM) from which every structure 
we observe today must once have 
condensed. Theory tells us, and here it 
develops philosophical undertones, that 
the Universe was once very simple. A 
homogeneous and isotropically expanding 
substrate is the stuff out of which our 
cosmological models are made, as are the 
galaxies. Small fluctuations and slight 
deviations from perfect uniformity were 
amplified by the inexorable process of 
gravitational instability, eventually 
growing into protogalactic gas clouds that 
collapsed and fragmented into vast systems 
of stars. 

How much matter is left behind is an 
open question. It is very likely that only a 
small fraction of the matter in the Universe 
has formed the visible regions of galaxies. 
Observations of galaxy rotation and the 
dynamics of galaxy groups and clusters 
have indicated the existence of a con- 
siderable amount of dark matter. Unseen 
by any astronomer, this matter never- 
theless dominates the gravitational 
potential in the haloes of galaxies and in 
bound systems of galaxies. It is a com- 
ponent of the Universe, perhaps the 
dominant component, that has failed to 
collapse and make stars in the same manner 
as the inner regions of galaxies. The dark 
matter does not consist of gas, otherwise it 
would be visible. But what it is, we cannot 
tell. Speculations abound, the current 
favourite being massive neutrinos. 

The luminous regions of galaxies consist 
overwhelmingly of stars, and these have 
formed from clouds of gas. We see this 
process of star formation continuing today 
in interstellar molecular clouds. The Milky 
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from Joseph Silk 


Way galaxy is a mature system, most of its 
stars having formed long ago from a much 
larger gas cloud. The remnants of clouds 
like this, and the gaseous medium out of 
which the cloud itself condensed, con- 
stitute the elusive IGM. 

The search for traces of the IGM has 
been long and often fruitless. Reputations 
have been made and broken, often only for 
what has finally proved to be a new, 
perhaps stronger, upper limit on what 
might or might not be present in inter- 
galactic space. Radio, optical, space 
ultraviolet, X-ray and y-ray astronomers 
have all confronted the challenge, and all 
have failed to find the elusive, uniform 
IGM. 

One early attempt utilized the 21-cm 
absorption line of atomic hydrogen to 
search for neutral intergalactic gas along 
the line of sight to the radio galaxy Cygnus 
A. No feature was found, and an upper 
limit was set. 

The most stringent limit on the presence 
of a neutral intergalactic medium came 
with the discovery of quasars. Sufficiently 
distant that the cosmological redshift 
brought the Lyman a line of hydrogen into 
the visible part of the spectrum, quasar 
spectra were searched for a possible 
absorption ‘trough’ due to intergalactic 
neutral hydrogen. Failure to detect such a 
feature meant that, in the region of the 
Universe that was probed, less than one 
part in a million of an IGM of density 
sufficient to close the Universe can exist in 
neutral form. Subsequent space 
observations have extended the search fora 
Lyman a absorption trough into the 
ultraviolet region of the spectrum in the 
nearby quasar 3C 273, and confirmed that 
the IGM, if it exists, must be highly ionized 
and hotter than 10° K. 

Such a hot IGM would lead to copious 
X-ray emission and the discovery in the 
earliest days of X-ray astronomy of a 
diffuse background of X-ray emission 





Joseph Silk is a professor at the Department of 
Astronomy, University of California at 
Berkeley. 


produced some evidence for it. 
However, recent satellite observations with 
the Einstein observatory have revealed that 
quasars can account for a substantial 
fraction (over 50 per cent) of the X-ray 
background. At the same time, evidence 
for hot intergalactic matter has been found 
in X-ray studies of galaxy clusters. These 
contain substantial amounts of X ray- 
emitting gas that is enriched to near the 
level of the Sun with certain heavy 
elements. High-resolution observations of 
quasar spectra have also revealed the 
presence of discrete intervening clouds of 
intergalactic gas. But despite the 
accumulating evidence for intergalactic 
matter in localized regions, the 
hypothesized uniform IGM that is so 
cherished by cosmologists has still not been 


found, 


A recent paper by Paul Shapiro and 
John Bahcall (Astrophys. J. 241, 1; 1980) 
makes an especially intriguing proposal 
which will extend the search for a Lyman a 
absorption (which led to a severe limit on a 
neutral IGM) to the remaining possibility 
of an ionized IGM. The authors suggest 
that detection of a hot, ionized IGM may 
be possible through observations of the 
X-ray absorption spectra of quasars. 
Extending earlier calculations by Richard 
Sherman (Astrophys. J, 232, 1; 1979) they 
note that quasars, as a class, are 
sufficiently luminous X-ray sources to be 
observable at a redshift greater than 2 or 3. 
If sufficient atoms heavier than hydrogen 
are present in a hot IGM they will produce 
absorption troughs in the X-ray region of 
the spectrum, due to excitation of inner 
electrons around the heavy atomic nucleus; 
iron, for example, has a characteristic 
absorption at a few keV. Broad absorption 
troughs in the X-ray spectra of distant 
quasars would therefore be strong evidence 
for a hot, ionized IGM with a density 
amounting to a substantial fraction of the 
closure density and containing a near solar 
abundance of heavy atoms, Future space 
experiments with X-ray detectors capable 
of moderate energy resolution and high 
sensitivity should be able to perform this 
measurement within the next decade. © 
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Directing toxins to cancer cells 


from Sjur Olsnes 


A CENTRAL PROBLEM in cancer 
chemotherapy is the lack of selectivity of 
present anti-cancer drugs. One attempt to 
improve this selectivity has involved the 
linking of cytostatic drugs, like 
daunomycin, adriamycin and 
methotrexate, to antibodies against 
tumour-associated surface antigens! ?. The 
ability of such complexes to kill malignant 
cells selectively has, so far, been limited, 
Blythman and his colleagues (see this issue 
of Nature, p.145) are among those who 
have tried an alternative approach, 
whereby a toxin, instead of a drug, is linked 
to the antibody, and have now succeeded in 
producing a complex which is not only 
toxic but also highly selective. 

The limited success of the drug- 
antibody complexes may be partly due to 
the fact that the cytostatic drugs act stoi- 
chiometrically and a large number of 
molecules is required to kill a cell. Even if 
the antibodies have the required selectivity 
(and it is not yet clear to what extent the 
corresponding antigens are tumour 
specific), they are usually obtained in such 
low amounts that the number of complexes 
reaching the tumour cells and binding to 
them may be very small. Furthermore, if 
the cytostatic drugs are for some reason 
released from the antibody, their non- 
selectivity is restored. 

Interest in the preparation of tumour- 
specific cytostatics has recently increased 
for two reasons. First, the hybridoma 
technique permits the production of large 
amounts of monoclonal antibodies to a 
variety of cell-surface antigens, including 
tumour-associated ones. Second, the extreme 
toxicity of certain bacterial and plant toxins 
~~- a Single molecule may kill a cell — might 
compensate for the small amount of com- 
plexes accumulating in the tumour. 

Diphtheria toxin, abrin, ricin and related 
toxins all consist of two polypeptides with 
different functions. A binding polypeptide 
(B), with specificity for receptors at the cell 
surface, is linked by a disulphide bond to 
an enzymatically active polypeptide (A), 
which enters the cytoplasm and inactivates 
components of the protein-synthesizing 
machinery. Clearly, if the B-polypeptide is 
replaced by an antibody to a tumour- 
associated antigen, the enzymatically 
active A-polypeptide might be selectively 
delivered to the malignant cells. It is also 
important that the A-polypeptide alone is 
not cytotoxic. 

In the first attempts to link diphtheria 
toxin to antibodies’* only marginal 
selectivity was achieved, but later studies 
have been much more successful. Thorpe ef 
al.’ linked diphtheria toxin to anti- 
lymphocyte globulin and to F(ab’), 





Sjur Olsnes is at the Norsk Hydro’s Institute for 
Cancer Research, Montebello, Oslo. 
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fragments derived from it. These 
complexes were highly toxic to cultured 
human lymphoblastoid cells which are 
rather insensitive to diphtheria toxin alone. 
A chimaera of diphtheria toxin fragment A 
and Fab’ fragments of IgG from antiserum 
against L 1210 cells also showed selective 
toxicity in cell culture’. Aninteresting toxic 
conjugate was formed of ricin A-chain and 
anti-idiotype antibodies against surface 
immunoglobulins on a B-cell lymphoma’. 
This procedure may have a more general 
application as idiotypic antigens on the 
surface of B-cell lymphomas are, in 
fact,specific for the particular tumour 
cells. 

During the past year four groups have 
reported experiments linking toxin 
A-chains by a disulphide bond to mono- 
clonal antibodies against cell-surface 
antigens. In one case the antibody was 
against a colorectal tumour-associated 
antigen’, whereas in the others they were 
against normal surface antigens like IgM 
and IgD on B lymphocytes® and the 
differentiation antigen Thy-1.2 on 
thymocytes!®, In each case the chimaeric 
toxins were selectively toxic to cultured 
cells carrying the corresponding antigen. 

The chimaera or ‘immunotoxin’ formed 
by Blythman et al., between ricin A-chain 
and a monoclonal IgM antibody against 
the Thy-1.2 antigen, was almost as toxic as 
native ricin to murine lymphoma cells 
(WEHI-7) carrying the Thy-1.2 antigen. In 
contrast, cells lacking the Thy-1.2 antigen 
tolerated 2,000-6,000 times more immuno- 
toxin although they were fully sensitive to 
native ricin. The authors also demonstrate 
that treatment with immunotoxin 
significantly increased the survival time of 
mice challenged with WEHI-7 lymphoma 
cells. Although promising, the protection 
in vivo was less than expected from the cell 
culture data. There may be several reasons 
for this discrepancy. As pointed out by the 
authors, the two test systems used are 
entirely different — in vivo a few surviving 
cells may grow up to tumours and kill the 
animal, whereas in the cell culture assay a 
few surviving cells would hardly be 
recognized. Furthermore, in vivo the 
access Of immunotoxins to the lymphoma 
cells may be reduced, for example due to 
the removal of the chimaeras by 
reticuloendothelial cells}. Clearly, 
pharmacokinetic studies will be required to 
design the optimal type of immunotoxin. 

Binding moieties other than antibodies 
have also been exploited. Several groups 
have made cytotoxic chimaeras by linking 
toxin A-chains to concanavalin A?}28 and 
other lectins'*, to asialofetuin'’ which is 
taken up selectively by receptors on 
hepatocytes, and to monophospho- 


pentamannose!® which is bound and 


internalized by receptors on fibroblasts. 


Particularly interesting are chimaeras 
between toxin A-chains and hormones like 
insulin!’, the B subunit of human chorionic 
gonadotropin'® and epidermal growth 
factor'®, The fact that the hormones are 
able to direct the toxin A-chain to the 
cytoplasm and kill the cell may be used to 
select mutant cells lacking hormone 
receptors and mutants with defects in the 
route of internalization. Such mutants may 
elucidate the functional significance of 
receptor-mediated endocytosis of poly- 
peptide hormones. Not all hormone 
receptors may be able to internalize 
chimaeric toxins, as shown by Chang et 
al.™® who could not demonstrate any toxic 
effect of a conjugate of diphtheria toxin 
fragment A and human placental lactogen. 

Future work may take advantage of the 
fact that many plants accumulate con- 
siderable amounts of A-chain-like proteins 
which, as such, are not toxic to cells as they 
lack a B-chain. One of these proteins, 
gelonin, which is particularly abundant, 
became cytotoxic after being linked by a 
disulphide bond to concanavalin A2!. 

A limitation to the therapeutic use of 
chimaeric toxins is that, as foreign pro- 
teins, they elicit the production of neutral- 
izing antibodies. This can, however, be 
considerably retarded if the toxins are 
given together with immunosuppressive 
cytostatic drugs’*. Furthermore, the 
present availability of a variety of 
immunologically unrelated A-chains may 
allow a switch to another chimaera as soon 


aane 


as an immune response is detectable. s 
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The world’s worst weeds 


from Robert M. May 


MucH has been written about the crop 
losses caused by insect pests and pathogens 
(see, for example, Nature 267, 669; 1977). 
Relatively less attention, however, is 
usually given to the roughly equal losses 
caused by weeds, which diminish 
agricultural yields and degrade rangelands 
and pastures by competing for water, light 
and nutrients. 

Some time ago, in a survey of the 
problems caused by weeds in developing 
countries, Holm (Weed Sci. 17, 113; 1969) 
drew up a list of the ten worst weeds in the 
world. This list was based on guesses about 
the global losses of major crops, using data 
from the FAO and from the unfortunately 
sparse research literature. 

Purple nutsedge (Cyperus rotundus L.) 
Bermuda grass (Cynodon dactylon L. 
Pers.) 

Barnyard grass (Euchinochloa crusgalli L. 
Beauv.) 

Jungle rice (Echinochloa colonum L.) 
Goosegrass (Eleusine indica L. Gaerth.) 
Johnson grass (Sorghum halepense L. 
Pers.) 

Guinea grass (Panicum maximum Jacq.) 
Water hyacinth (Eichhornia crassipes 
Mart. Solms) 

Cogon grass (Imperata cylindrica L. 
Beauv.) 

Lanatana (Lantana camara L.) 

Of these, eight are grasses or sedges and 
five are perennial grasses. 

These villains are typified by the water 
hyacinth, of which Holm writes: “I have 
seen it in some of the major rivers of the 
world and I think it is the most massive, the 
most terrible and frightening weed 
problem I have ever known’’. The figure 
shows its present world-wide distribution. 
In developing countries, it chokes 
waterways and denies riverine com- 
munities access to the needed protein from 
fish in conventional fishing grounds. In the 
Far East, floods cause great islands of the 
weed to come crashing through the fences 
placed in rivers for fish culture. In 
addition, the weed provides an excellent 
habitat for many insects that are vectors of 
diseases of humans and other animals. The 
water hyacinth was deliberately introduced 
into the US as an ornamental plant in 1884, 
as part of a horticultural exhibition. Within 
13 years, it had so clogged many waterways 
as to interfere with navigation, and by 1956 
losses in the southern states were estimated 
at around 45 million dollars per year. In 
1976, 15 million dollars were spent on 
efforts to control water hyacinth in Florida 
and Louisiana (Cox Utah Sci. 38, 59; 
1977). 

The story of the water hyacinth inthe US 
is typical. Many of the world’s top ten, 
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along with other weeds, have been 
purposefully introduced into America for 
one or other reason that seemed sensible at 
the time. Today, Williams (Weed Sci. 28, 
300; 1980) estimates that such deliberately 
introduced weeds cost the agricultural 
industry millions of dollars each year in 
reduced yields of crops and livestock, and 
millions more in control costs. In Williams’ 
words: “Many of these undesirable plants 
infest crops, others clog navigable or 
recreational waterways. Still others reduce 
the productivity and value of grazing lands, 


Map showing the distribution of water hyacinth over the warm regions of the world. 


or they are poisonous and present a threat 
to the health of humans and livestock”. 

Williams asks how best to prevent 
accidental introduction of weeds, and he 
gives a tentative sketch of a programme to 
this end. 

For non-poisonous plants, identifica- 
tion of potential pest species should not be 
too difficult, even though the flora in 
question ranges from small aquatics to 
exotic trees. Williams notes that a 
candidate for introduction should be 
examined for its capacity to invade crop 
lands, grazing lands, forests and water- 
ways, paying attention to its methods of 
dissemination and the longevity of its seeds 
or other reproductive parts. One should be 
alert for undesirable characteristics known 
to be associated with other members of the 
genus or family to which the species 


trickier. Such plants are likely to be 
considered innocuous in their indigenous 
setting, or they would not be candidates for 
introduction; but the plant may, in fact, be 
poisonous, or may become so under 
unfamiliar environmental circumstances. 
Williams points to halogeton as a classic 
example of a poisonous weed, whose 
introduction has been very costly. The 
plant was accidentally introduced into the 
western US around 1935, with the first 
plants probably growing from seed spilled 


from a train carrying products from an 
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area where halogeton was indigenous. The 
plant proved salt and drought tolerant, and 
its spread was not hindered, as it showed 
promise for forage and firebreaks; the 
literature of the time knew nothing of its 
poisonous properties. During the years of 
depression and World War II, when few 
weed scientists existed in the US and little 
money was available for research, 
halogeton spread rapidly throughout the 
Intermountain Region. As Williams 
observes: ‘‘By the time sheep losses were 
traced to halogeton, the plant was beyond 





control, much less eradication. Within 25 
years after its discovery, halogeton had 
engulfed between 4.0 and 4.5 million 
hectares of desert range in Utah, Nevada, 
Idaho, Montana and Wyoming, and had 
invaded Colorado, Oregon and California. 
Thousands of sheep were killed by 
halogeton, sometimes 500 to 1,700 in a 
single day. Even though the plant is widely 
recognized and largely avoided today, 
single losses of several hundred sheep are 
often reported’’. Today a weed 
physiologist would recognize that salt- 
tolerant members of the family 
Chenopodiaceae often synthesize toxic 
amounts of soluble oxalates. Analysis of 
the plant for this compound would be 
indicated, and the deadly potential of 
halogeton and its implications for the 
sheep industry would immediately be 
apparent. 

Williams suggests a combination of 
several lines of research towards early 
identification of such poisonous weeds. 
First, seed inventories should be inspected; 
a plant may be known to be poisonous, or 
may be closely related to a known toxic 
plant. Second, suspected plants should be 
subjected to chemical analysis for 
alkaloids, nitrates, nitro compounds, 
saponins, soluble oxalates, cyanogenetic 
glycosides, furocoumarins or other exotic 
toxins indicated for a given plant. Such 
indications may come from the third line of 
defense, chemotaxonomy; many plant taxa 


are related chemically, as well as 
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morphologically. As mentioned above, 
such chemotaxonomic considerations 
would today raise a red flag against 
halogeton. Another example is the 
sicklepod milkvetch (Astragalus falcatus 
Lam.), which was introduced around 1920 
and has been recommended for range 
plantings for over 25 years; recognition 
that many Astragalus species contain toxic 
concentrations of nitro compounds led to 
identification of sicklepod milkvetch as 
poisonous, and efforts are now being 
directed to its eradication. Fourth, 


introduced plants that are suspected of 
being poisonous may be fed to 
experimental animals, as extracts, dried 
plants, or residues. 

With current pressures to strip-mine for 
coal, there is much interest in finding plant 
species that will grow on mine spoils, 
reproducing rapidly and providing erosion 
control, and, if possible, grazing for 
livestock and food and cover for wildlife. 
The clear need for such plants to be non- 
poisonous gives special urgency to the 


eos 


programme outlined above. oO 


Geomagnetic field modelling 
using satellite data 


from David R. Barraclough 


ACCURATE DESCRIPTIONS of the Earth’s 
magnetic field are useful for navigational 
purposes and form the basis for many 
scientific studies. Such descriptions usually 
take the form of mathematical models, 

‘most often in terms of an expansion in 
spherical harmonics, and magnetic charts 
can readily be produced from the models. 
A major difficulty in producing 
geomagnetic field models has always been 
the acquisition of an up-to-date and well 
distributed set of accurate observations. As 
a satellite in a polar orbit can survey the 
entire globe in a matter of days, it was an 
obvious step to use such a satellite to 
measure the geomagnetic field. 

The most recent satellite survey of the 
geomagnetic field was performed by the 
NASA/US Geological Survey satellite 
Magsat between November 1979 and June 
1980. Magsat differed from previous 
geomagnetic survey satellites in that it was 
able to measure not only the strength of the 
field but also its direction. 

Since the geomagnetic field is derivable 
from a scalar potential which satisfies 
Laplace’s equation, it was possible to use 
the earlier satellite observations of F to 
refine existing models of the field. 
Although such models fitted the input F 
Gata very well (with a r.m.s. residual of 
about 10 nT), there was evidence that they 
did not describe the vector geomagnetic 
field as accurately (Ben’kova et al. Bull. 
int. Ass. Geomag. Aeron. No. 152-163; 
1971; Fabiano & Peddie J. geophys. Res. 
76, 3816; 1971). These findings led to 
several theoretical studies of the 

production of field models from F 
observations alone. 

Hurwitz and Knapp (J. geophys. Res. 
79,3009; 1974) and Barraclough and Nevitt 
(Phys. Earth planet. Interiors 13, 123: 
1976), using simulated data with noise 
added, verified that good fits to F did not 
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guarantee a good description of the other 
field components. In particular, large 
errors in the vertical component (Z) of the 
field occurred near the dip-equator (the 
line of zero inclination). In terms of the 
coefficients of the spherical harmonic 
model, those having equal values of m and 
n were least well determined. These are the 
sectorial harmonics, which divide the 
surface of a sphere into segments like those 
of an orange. It was also shown that the 
large errors could be removed by using 
small amounts of vector data (about 10 per 
cent of the total) covering the equatorial 
region. 

Hurwitz and Knapp (op. cit.) and Lowes 
(Geophys. J. R. astr, Soc. 42, 637; 1975) 


. Showed that the root of the problem lay 


with what they termed the perpendicular 
error effect. When fitting only a single 
component of a vector field, the perpen- 
dicular components synthesized from the 
resulting model can have errors associated 
with them which are considerably larger 
than the errors in the component fitted, 
This results from the lack of constraints in 
the perpendicular directions. In some 
cases, for example the production of 
models from Z data only, the 
perpendicular error effect is of minor 
importance because of the particular con- 
figuration of the geomagnetic field. It turns 
out, however, that fitting F data is a 
particularly bad choice. The perpendicular 
error effect leads to large errors in Z and 
these are especially troublesome where Z is 
small, that is, near the dip-equator, as 
noted above. 

Backus (Q. JI Mech. appl. Math. 21, 195; 
1968; J. geophys. Res. 75, 6339; 1970; 
Geophys. Res. Lett. 1, 21; 1974) 
investigated whether models derived from 
F data alone were unique and showed that, 
under certain conditions, they were not. In 
practical field modelling using real data 
these conditions for non-uniqueness are 
not fulfilled. Stern and Bredekamp (J. 
geophys. Res. 80, 1776; 1975) have, 
however, shown that certain series of terms 
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in the spherical harmonic expansion, which 
Backus highlighted in his uniqueness 
studies, are likely to be relatively poorly 
determined in an analysis of F data alone. 
These series (which Stern and Bredekamp 
called ‘Backus series’) consist of terms 
which all have the same value of m. Each 
series starts with a sectional (n = m) term 
and succeeding terms have values of n 
equal tom +2,m+4,m+6,andsoon. In 
agreement with the findings noted above, 
Stern and Bredekamp found, using 
simulated data, that the terms with m = n 
had the largest uncertainty for a given 
series, 

Now that data are available from 
Magsat, it is possible to study these effects 
using real data. Stern ef al. (Geophys. Res. 
Lett. 7, 941; 1980), in one of the first 
reports of results from Magsat, have made 
an initial attempt at this. They have 
compared two models, one based on vector 
data from early in the Magsat mission 
(November 1979) and the other based only 
on scalar (F) data collected at about the 
same time. Values of Z computed from the 
two models differed by up to 2,300 nT at 
the Earth’s surface and by up to 1,500nT at 
the satellite’s altitude. (For comparison, 
typical mid-latitude values of Z are of the 
order of 40,000 nT.) The differences, when 
plotted on a world map, showed a pattern 
of six foci, all positioned very near to the 
dip-equator. When the two models were 
compared coefficient by coefficient, those 
in the Backus series described above did 
indeed show larger differences than the 
coefficients not belonging to such series. 
There were suggestions that other effects 
were present affecting the ‘non-Backus’ 
terms and work is in progress in this area. 

Thus, the doubts cast on geomagnetic 
field models based solely on F data seem to 
be confirmed. Fortunately there are 
relatively few such models and most of 
these have been produced for specific 
purposes related to the scalar data on which 
they were based. Most producers of models 
for navigational and general scientific 
purposes (for example, Barraclough et ai. 
Geophys. J. R. astr. Soc. 43, 645; 1975; 
Barker et al. Geophys. J. R. astr. Soc. in 
the press) have been careful to use F 
observations as only a part of the input 
data and their models will therefore be free 
from the deficiencies discussed above. 
Potential users of field models should be 
wary in their choice of models. Field 
models based solely on F data can be used 
with some confidence if one is interested 
only in the intensity of the geomagnetic 
field. If vector information is needed it is 
best to avoid such models and to use 
instead one of the models based on 
component data as well as F data. The 
International Association of Geomag- 
netism and Aeronomy, at its next scientific 
assembly this summer, plans to 
recommend an International Geomagnetic 
Reference Field which should provide a set 
of reliable models describing the 
geomagnetic field since 1965. G 
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Hydrothermal activity at mid-ocean ridge axes . 


fram J.M. Edmond 


THE existence of hydrothermal activity at 
oceanic spreading centres has long been 
suspected but it was only four years ago 
that the first direct observations! were 
made. During dives of the submersible 
Alvin in Spring 1977, fields of hot springs 
were discovered at a depth of 2,500 metres 
on the Galapagos spreading ridge (86° W). 
The hot spring water had an exit 
temperature 15°C above that of the 
surrounding ocean (+2°C) and had 
produced a thin coating of manganese 
oxide on the surrounding basalt pillows. 
Fields of hydrothermally produced 
mounds composed of nontronites Gron- 
rich clay minerals) and covered by a pure 
manganese dioxide crust were also found 
off-axis in sediments covering 300,000-year 
old crust’. 

Systematic work on the chemical 
composition of the hot springs showed 
them to be seawater that had reacted with 
hot basalt at a temperature of about 350°C 
and then mixed with waters from the 
ambient ocean’. It was concluded that the 
mixing had occurred sub-surface and that 
the observed temperatures in the throats of 
the vents, and their variations, depended 
on the extent of this process. Given the 
highly permeable crust close to the ridge 
axis it appeared unlikely that the ‘neat’ 
high-temperature end-member would ever 
be directly observed although it seemed 
likely to be an ore-transporting solution. 
Since the sulphide-forming elements are 
removed as the temperature and pH fall 
during mixing and cause the disseminated 
mineralization observed in dredged and 
drilled rocks, it is not possible to ‘see 
through’ the mixing zone to the ore metal 
chemistry of the primary solution‘. 

Most of the major ions — sea salts — are 
unaffected by this, however. it was 
therefore possible to estimate the effect of 
ridge crest hydrothermal activity on the 
bulk composition of seawater itself. The 
elemental fluxes are calculated as follows: 
the thermal budget has been estimated 
from the observed deficit in the conductive 
heat flow from young crust relative to that 
expected from simple plate models. The 
globally integrated value for the anomaly is 
approximately 5x 101° cal yr7!. If all this 
heat is removed by hydrothermal 
convection at an operational temperature 
of 340°C, then a volume of water 
equivalent to the whole ocean must 
circulate through the ridge axis every eight 
million years. The flux of He required to 
maintain the saturation anomaly at mid- 
depth in the oceanic water column is 
roughly 6.5 x 1076 atoms yr'. The 
measured ratio of heat to *He in the hot 
spring waters is 7.6 x 10° cal per atom’. If 
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it is assumed that all the He is supplied to 
the ocean by axial hydrothermal vents in 
the same ratio, the heat flux can be 
calculated. The value 4.9 x 101° cal yr™ is 
in excellent agreement with the geophysical 
estimates. It seers plausible, therefore, to 
compute the fluxes for other elements in an 
analagous way. Although the circulation 
rate for water is only about 0.5% of that 





Alvin at a depth of about 2,500 m on the crest 
of the East Pacific Rise in 21°N showing a 
350°C hot spring typical of those recently 
discovered there. The water emerges as a clear 
homogeneous solution from orifices about 
i5em in diameter at rates of a few metres per 
second. Rapid mixing with the local ambient 
seawater induces the precipitation of a variety 
of minerals from solution. These include 
sulphides of iron, zinc and copper and several 
silicates. The ‘black smokers’ also deposit 
constructional features — chimneys — of the 
same materials. These form the conduits 
emerging from the fields of pillow basalts as 


į 3 
Picture taken by the research submersible 


| seen in the lower part of this picture. | 


transported by rivers, the much higher salt 
content of seawater allows for extensive 
reaction. The composition of the original 
seawater is radically transformed in the 
high-temperature zone, The fluxes of 
dissolved materials into and out of the axis 
are comparable to those of rivers. 
Magnesium and sulphate are quantitatively 
removed,resulting in a sink for the fluvial 
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input. Lithium, rubidium, calcium and 
barium are released in amounts 
comparable to or greater than those 
delivered from the continents. The 
manganese input from the axis is sufficient 
to account for the entire authigenic 
inventory of the element in deep sea 
sediments. The contemporary ocean is as 
volcanogenic as it is fluvial. 

Exploration was next extended in areas 
of known hydrothermal activity in the 
hope that higher exit temperatures would 
be found. In 1978 the exciting news was 
received that the French CYAMEX team 
had discovered large deposits of iron-zinc— 
copper sulphides in the axial valley of the 
Fast Pacific Rise at 21°N, south of the 
mouth of the Gulf of California, with their 
manned diving saucer Cyana®’. While no 
active hot springs were encountered, this 
was the first firm indication that something 
approaching the ‘end-member’ solutions 
could survive undiluted to the surface. The 
planned return to the original Galapagos 
site in spring of 1979 produced no dramatic 
developments, The subsequent A/vin dives 
at 21°N did. The French programme had 
been a reconnaissance survey for a 
collaborative geophysical programme. 
Two deep-towed instruments were 
involved: ANGUS, a sophisticated survey 
camera, and Deep Tow, a powerful array 
of geophysical sensors. Ocean-bottom 
seismometers were deployed in the axial 
valley, near-bottom gravity and magnetic 
measurements were made from Alvin and 
active ore-carrying hot springs were 
found’! | 

‘Black smokers’ — jets of mineral-laden 
waters — were observed debouching from 
constructional features several metres 
high. These ‘chimneys’ are formed of 
sulphides, sulphates, oxides and silicates 
precipitated as the hot spring waters mix 
with the ambient seawater. Subsequent 
dives in the area in the winter of 1979 found 
that the smokers actually exit as clear, 
homogeneous solutions with temperatures 
close to 350°C, as had been previously 
predicted from the Galapagos data, The 
major ion chemistry is very similar to that 
deduced from the low-temperature 
observations®. The end-member had been 
found. The 350°C waters are completely 
lacking in magnesium and sulphate, have 
an in situ pH of 4.7 and contain about 2 
mmol fF! of iron and 0.1 mmol l? of zinc. 
The black ‘smoke’ is composed of 
sulphides whose precipitation is induced by 
rapid mixing with the ambient water 
column, The ore-forming solutions for 
massive sulphide deposits, the subject of so 
much speculation, can now be studied 
directly. 

In parallel with the exciting discoveries at 
Galapagos and 21°N there have been 
major developments on other fronts. 


2:198] Macmillan Journals Lid 


kd 


88 


Nature Vol. 290 12 March 1981 





Lonsdale’? had found evidence in 1977 of 
active springs in the area of high heat flow 
in the Guyamas Basin in the northern part of 
the Gulf of California (see News and Views 
289, 9; 1981). This portion of the ridge axis 
is buried under several hundred metres of 
sediments principally supplied by the 
Colorado River. Subsequent Deep Sea 
Drilling Holes (leg 64) showed the presence 
of basaltic sills in the sediment column, 
some of them still hot!®. In the summer of 
1980 a Deep Tow survey yielded 
photographs of active hot springs; sulphide 
minerals were recovered by dredging and 
the plastic liner of a core barrel melted at a 
depth of several metres in the sediment. 
Recovered cores were lithified and 
contained very high concentrations of light 
hydrocarbons produced by thermal 
cracking of buried planktonic debris!'. 
Venting of very hot waters is clearly 
occurring despite the sealing effect of the 
thick sediment blanket. 

Galapagos-type hydrothermal mounds 
were discovered in Deep Sea Drilling 
Program holes (leg 60) on the flanks of the 
back-arc spreading centre in the Marianas 


Basin'?. An extinct massive sulphide 
deposit was found at a ridge-transform 
intersection on the Galapagos ridge during 
dives by A/vin at the beginning of 1980. 
The joint US—French programme on the 
East Pacific Rise also met with success. In 
the summer of 1980 an expedition on the 
Jean Charcot using the ‘Seabeam’ high- 
resolution bathymetric mapping array and 
the RAIE towed camera system found 
active sulphide deposition at several 
locations. Numerous samples were 
obtained by dredging'*. Major diving 
campaigns are planned in the Eastern 
Pacific in 1981 using both US and French 
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Monitoring Mount St Helens 


from M. McCormick 


In November, just six months after the 
18th May 1980 cataclysmic eruption of 
Mount St Helens, Washington, a 
multidisciplinary group of researchers 
brought their various viewpoints and data 
to Washington DC*. Among the problems 
they discussed were: Was the eruption 
going to affect climate or local weather? 
What are the important measures 
describing a volcanic eruption — height of 
the cloud, sulphur content, lava flow, or 
other factors? How did Mt St Helens 
compare with past volcanic eruptions? The 
uniqueness of the meeting came from the 
variety of disciplines and research areas 
represented. Volcanologists, geologists, 
biologists, meteorologists, atmospheric 
chemists and physicists, climate modellers, 
remote sensor specialists and geochemists 
were all working together. 

When Mt St Helens erupted, there 
existed, for the first time, sufficiently 
sophisticated technology to measure the 
global movement and enhancement of 
stratospheric aerosol mass loadings. This, 
coupled with a mature modelling 
capability, a number of programs 
specifically set up to measure volcanic 
effluents and stratospheric aerosol 
radiative characteristics, and a readily 
accessible volcano, all helped to make this 
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climate. 


volcano and its eruptions the best 
documented in history. 

The NASA orbiting satellites SAM II 
(Stratospheric Aerosol Measurement) and 
SAGE (Stratospheric Aerosol and Gas 
Experiment), developed specifically for the 
global measurement of stratospheric 
aerosols, were important new sources of 
information. Their international ground 
truth programs helped drive the 
development of a number of new lidar 
systems which were in operation at the time 
of the eruption. These lidar systems, 
specifically designed for stratospheric 
aerosol measurements, are in Japan, West 
Germany, Italy, France, and the US. They 
were complemented by programs that used 
aircraft platforms and a number of in situ 
sensors — for example, the NASA ACE 
(Aerosol Climatic Effects) program which 
began the year before and which provided 
another set of instruments poised and 
ready to measure stratospheric aerosol 
parameters important to climate, just as 
the volcano began its rumblings. The 
NASA-sponsored RAVE (Research on 
Atmospheric Volcanic Emissions) is an 
even newer program whose acceptance was 
in final negotiations when Mt St Helens 
erupted on 18 May and which is designed to 
visit volcanoes close up, and characterize 
their source function, atmospheric 
chemistry, and potential impact on 


As MtSt Helens is in the US a continuous 
meteorological network was available so 
that detailed trajectory analyses could be 
performed. The Geosynchronous Opera- 
tional Environmental Satellite~West was 
also in position to generate electronically 
pictures of the early heavy plumes and their 
movements. 

Material in the stratosphere has the 
potential to alter the radiative transfer of 
solar and terrestrial radiation. This is turn 
can cause warming or cooling of the 
surface and atmosphere. The radiative 
characteristics of the material, such as 
index of refraction and size distribution, 
and the underlying albedo, determine the 
net effect. Model calculations, based on 
past eruptions and stratospheric aerosol 
characteristics, have typically shown a 
warming in the stratosphere and cooling at 
the surface. 

During periods of no major volanic 
activity, stratospheric background 
aerosols are thought to be composed 
primarily of sulphuric acid and water in an 
approximate 75/25 mix. Violent volcanic 
eruptions impart enough energy to the 
ejecta to penetrate the local tropopause. 
Once in the stratosphere, the gaseous and 
ash-like components of the eruption cloud 
can have a long lifetime as in this region of 
the atmosphere the rate of cleansing is 
slow. Thus, material can disperse and 
spread globally and alter climate. The 
heavier ash-like or non-volatile particles 
can fall out faster than the gaseous material 
(primarily various sulphur gases). The 
sulphur gases are converted to aerosol 
particles which are thought to be identical 
to the background H,SO,/H,O aerosol. 
The new aerosols are distributed in a size 
range about 0.1-0.6 um which is effective in 
scattering visible sunlight. The distribution 
of large particles closer to 1.0 um is not well 
known at present but is also important in 
understanding the radiative transfer 
through the layers. Based on past data, the 
lifetime (the time for its mass to reduce to 
i/e of its value) of new volcanically- 
produced stratospheric aerosols at 18-km 
altitude is about one year. How long 
it takes for the sulphur gases to convert to 
H,SO,/H,O droplets is uncertain, but at 
the workshop evidence was presented that 
it takes place quickly, within a month. 
There is evidence that some conversion 
even occurred in the erupting plume or in 
the magma itself. The amount of sulphur 
gas that is put into the stratosphere 
becomes crucial to the determination of an 
eventual effect on climate. Early aircraft 
measurements showed the aerosol in the 
vertical column on 18 May to be primarily 
composed of silicates of larger size below 
16 km with sulphuric acid-clad silicates 
above. Balloon-borne measurements of the 
material over Wyoming showed a 
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predominance of non-volatile strato- 
spheric particles early after the 18 May 
eruption. After about a month, the 
particles were volatile and similar to 
background aerosols in their charac- 
teristics. Lidar data at two colours and with 
a measurement at crossed polarizations, 
were consistent with this conclusion. 

Material from the eruption column over 
Mt St Helens was moved by a system of 
winds whose direction and speed vary with 
altitude. A large percentage of the upper 
atmospheric material was at jet stream 
altitudes between about 8 km and 12 km, 
and moved at average speeds of about 
20 m s circling the globe in an 
eastward path in as little as 16 days. Higher 
material moved much more slowly and in 
sometimes very complex trajectories. For 
example, material between 15 and 16 km 
moved eastward, crossing the eastern US 
coast on 23 May, and reaching Europe no 
later than 5th June. The material above 
20 km was above the wind reversal, and 
moved westward at an average speed of 
about 6 to 8 m s”. Local radar and 
other remote sensors showed this material 
reached at least 23 km and travelled 
around the globe in about 56-70 days. 
Ground-based lidars tracked this upper 
altitude material as it crossed westward 
from country to country. 

Most of the radiative models that 
determine temperature changes for an 
assumed set of aerosol radiative charac- 
teristics describe the temperature change 
that is caused by a certain mass of new 
aerosol. The determination of mass, 
therefore, is very important in estimating 
the temperature change. Both SAGE and 
lidar data have been converted through 
optical modelling to aerosol mass and used 
to determine the mass added to the 
background stratosphere. SAGE data 
yielded a value of 0.25 to 0.5 x 106 
metric tons and lidar 0.4 to 0.6 x 10!° 
metric tons. These calculations are for July 
when the material began to disperse, 
affecting the entire Northern Hemisphere. 
SAGE’s ‘global eye’ showed the material 
to be most highly concentrated at latitudes 
greater than 50° N. A normal back-ground 
hemisphere contains about 0.25 x 10° 
tonnes of aerosol and the addition due to 
the eruption therefore represents an 
approximate 100 per cent increase. 
Radiative models predict that this increase, 
although significant, would only cool the 
near surface temperature by hundredths of 
a degree and warm the stratosphere near 
the peak aerosol concentration at 18 km 
by a degree. The exact values depend, of 
course, on the specific aerosol charac- 
teristics and are in the process of being 
determined but will not be great enough to 
have a significant effect on climate. In 
comparison, the eruption of Agung on Bali 
was thought to have introduced about 
30 x 10 metric tons into the stratosphere 
in 1963, causing a reported 0.3° C cooling 
at the surface and about a 4 to 8° C 


warming in the stratosphere. d 
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Will the real Grenville Orogeny 


please stand up 


from Keith Bell 


THE PROTEROZOIC remains more of a 
mystery than any other period of the 
Earth’s history and is currently presenting 
several tantalizing problems, particularly 
regarding large-scale crustal movement 
and the formation of orogenic belts. It is 
generally considered to be a period (2,500 
Myr to about 600 Myr ago) of crustal 
rifting, shearing and dyke emplacement 
with major transcurrent lineaments, 
marking large-scale lateral 
displacements!.?. Because of this, and the 
sparcity of ophiolites and greenstone belts, 
some geologists believe that the tectonic 
regime during the Proterozoic differed 
from anything that existed either before or 
since. 

The Grenville Province of Canada is one 
of the most perplexing of the Proterozoic 
orogenic belts and the numerous models 
suggested for its origin reflect not only a 
great deal of speculation but also a marked 
lack of detailed field mapping. Although 
the Grenville belt shows features 
apparently quite different, at present 
exposure levels, from Phanerozoic con- 
tinental margin mountain belts (for 
example, the virtual absence of linear belts 
of basic igneous rocks and the prescence of 
late alkalic complexes and carbonatites), it 
still remains unclear whether the pervasive 
1,000 Myr Grenville ‘event’ developed 
intracratonically or as a result of a collision 
event involving plate motion. Geological 
evidence tends to favour the latter. 

In this issue of Nature (p.129), Baer 
draws attention to the significance or lack 
thereof of the 1,000 Myr date for the 
Grenville ‘event’ and proposes not one but 
two orogenies, an earlier one at about 1,100 
Myr and a later one at about 950 Myr. 
Reflected in this paper are many of the 
problems inherent in the interpretation of 
geochronological data from polymeta- 
morphosed terranes and the difficulties 
involved in placing constraints on the so- 
called Grenville Orogeny. 

Although generalization about discor- 
dant age patterns in orogenic belts is 
difficult, most can be attributed to 
differences either in the temperatures at 
which the daughter nuclides become 
‘frozen’ into the system during cooling, or 
in the abilities of different minerals to 
become open systems to the various 
daughter nuclides during thermal over- 
printing. Because of the relative ease of 
argon migration out of most systems, it is 
difficult to distinguish slow cooling from 
overprinting solely on the basis of K-Ar 
dates. The geological interpretation of the 
data often depends on the degree of dis- 


cordancy. According to Baer, the 150 Myr 
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gap between the ‘younger’ K-Ar and the 
‘older’ U-Pb and Rb-Sr dates from the 
Grenville Province is too long to be 
explained by slow cooling and his pre- 
ference lies with a metamorphic over- 
printing at about 950 Myr. Others, 
however, take the opposite view’. 
Although Baer’s interpretation of the 
length of time and the comparison of K-Ar 
dates with those from other systems might 
be open to criticism, at least two events can 
be proposed solely on the basis of the U-Pb 
and Rb-Sr dates. 

Baer’s conclusions pose two major 
questions — what do we mean by the term 
Grenville Orogeny, and how many events 
have affected the Grenville Province? The 
original subdivision of the Canadian Shield 
into areas affected by distinct orogenies 
(Kenoran ^~ 2,500 Myr, Hudsonian ~ 
1,740 Myr, Elsonian ~ 1,400 Myr, 
Grenvillian ~ 1,000 Myr), using the mean 
value of many K-Ar mineral (mainly mica) 
dates’, successfully outlined large regions 
of the Shield that had experienced similar 
terminal thermal histories. But what do 
these ages really mean? If the term 
‘orogeny’ is used in the sense of epeiro- 
genesis,then the argon dates can be inter- 
preted as dating the time of uplift and 
cooling, an event which is sometimes, but 
not always, substantiated by sedimentary 
sequences of the same or slightly younger 
age. However, there is no good reason to 
assume that crustal movements are syn- 
chronous both across and along the length 
of an orogenic belt, Fault-bounded crustal 
segments (‘zones’, ‘domains’) that are now 
recognized in many orogenic belts of 
different ages (for example, the Appa- 
lachian and Hudsonian orogenies)}!®!! 
appear to have had their own distinct 
thermotectonic histories which may differ 
from one another by some tens of millions 
of years. The time of cooling to relatively 
low blocking temperatures, such as those 
for argon in micas, can thus vary con- 
siderably within a single orogenic belt and 
because of this it is no longer acceptable to 
define an orogeny solely on the blanketing 
together of large numbers of K-Ar dates. 
The term ‘orogeny’ in its present usage, in 
any case, means something more than 
simple uplift and encompasses the more 
geologically significant processes of 
folding, metamorphism and intrusive 
activity, 

The resolution of events in polymeta- 
morphosed terranes requires both isotopic 
data from two or more radiometric systems 
and good geological control based on 
sound field mapping. Questions such as 
‘Are the dated bodies pre-, syn- or post- 
tectonic?’ and ‘How many foliations can 
be observed in the field?’ will have direct 
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bearing on the interpretation of the iso- 
topic data. The real problem is relating — 


isotopic to geological events, although this 
may be impossible either because the 
geology is not known in sufficient detail or 
because the isotopic event has no visible 
expression in the rocks themselves. 

Unravelling the extremely complex 
history of the Grenville Province is 
difficult because the geology of the belt 
is poorly understood. Some parts have 
never been mapped at other than the 
1:1,000,000 scale although those mapped 
in detail have yielded rich rewards. A well 
defined stratigraphy in the relatively low- 
grade Hastings Basin region demonstrated 
a major unconformity that can be 
correlated over 2,000 km?, separating a 
younger psammitic, pelitic and carbonate 
sequence (the Flinton Group) from an 
older volcanic, sedimentary and igneous 
terrane. The known field relationships 
coupled with the isotopic data pinpoint the 
deposition of the Flinton succession to 
between 1,050 and 1,080 (+25) Myr ago. 
Furthermore, three deformations 
(including the one that produced the 
prominent north-east-trending structures) 
and an accompanying regional 
metamorphism all post date 1,050 Myr 
(ref.12), Although this represents a fairly 
small chapter in the history of the Grenville 
Province, it does emphasize the need for 
assigning both structural and 
stratigraphical positions to the various 
sedimentary and metavolcanic units within 
the belt and relating them to existing or new 
isotopic data. 

The history of the Grenville Province is 
much more complicated than that 
discussed by Baer whose compilation deals 
with only the last two hundred million 
years or so. Both geological and isotopic 
evidence demonstrate its continued 
tectonic overprinting extending back into 
the Archaean, including the effects of both 
the Hudsonian and Elsonian orogenies!?. 

i. Sutton, J. & Watson, J.V. Nature 147, 433 (1974). 

2, Onstott, T.C. & Hargraves, R.B. Nature 289, 131 (1981), 
3. Dewey, J.F. & Burke, K.C.A. J. Geol, 81, 683 (1973). 

4. Brown, R.L., Chappell, J.F., Moore, J.M. & Thompson, 

P.H. Geosci. Can, 2, 141 (1975). 

5. Baer, A.J. Pail, Trans. R. Soc. A280, 499 (1976). 
6. Young, G.M. Earth Sci. Rev, 16, 277 (1980). 
7. Berger, G.W., York, D, & Dunlop, D.J. Nature 277, 46 

(1979). 

8, Dallmeyer, R.D. & Sutter, J.F. J. geophys. Res. 88, 3177 

(1980), 

9. Stockwell, C.H. Geol. Surv. Pap. Can. 64-17, 1 (1965). 
10. Williams, H., Kennedy, M.J. & Neale, E.R.W. 

Geol. Ass, Cun. Pap. 11, 181 (1972). 

11. Lewry, J.F. & Sibbald, T.LI. Can. /.earth Sci, 14, 1453 

(1977). 

12. Moore, J.M. & Thompson, P.H., Can. Jearth Sci, 17, 1685 

(1980). 

13. Wynne-Edwards, H.R. Geol. Ass. Can, Pap. 11, 263 (1972). 
14. Davidson, A., Britton, J.M. Bell, K. & Blenkinsop, J. Geol, 

Surv. Pap.Can, 79-1B, 153 (1979). 

13. Bell, K. & Blenkinsop, J. Geol. Surv. Pap.Cap. 80-1C, 152 

(1980). 

16. Ray, G.E. & Wanless, R.K. Can. J. earth Sci. 17, 333 (1980). 
17, Macdonald, R. & Broughion, P. (compilers) Geological 
Map of Saskatchewan, Prov, Edn, 1:1,000,00 

(Saskatchewan Geological Survey, 1980). 

18, Gilluly, J. Am.J.Sci. 264, 97 (1966). 
19, Gittins, J., Macintyre, R.M. & York, D. Can. J earth Sci. 4, 

651 (1967), 

20. Douglas, R.J.W. (ed.) Geol. Surv.Can. Econ. Geol. Rep. 

(1970). 

21. Hanson, G.N. Can.J.earth Sci, 12, 821 (1975). 


22. Bell, K., Blenkinsop, J. & Watkinson, D.H, Abstr. 
GAC/MAC a. Mtg Quebec (1979), 


Recent whole-rock Rb-Sr. isochrons 
indicate a granulite facies event at about 
1,430 Myr and perhaps two magmatic 
events at 1,250 and 1,120 Myr from a 
relatively restricted area of the belt!4+!5. 
The questions now remain of how many 
orogenies have affected the Province and 
which, if any, should be designated the 
‘Grenville Orogeny’. This sort of problem 
is not restricted to the Grenville Province 
alone. Magmatic and metamorphic events 
from the Saskatchewan segment of the 
Churchill Province at 2,430, 1,880, 1,740 
and 1,560 Myr have recently been recorded 
by U-Pb zircon and whole-rock Rb-Sr 
studies'®!’, What then is the age of the 
Hudsonian Orogeny? 

Despite a case having been made for 
using the term ‘Grenville’ only in a 
stratigraphical sense!8, most workers 
would probably like to use it more 
generally or even as a specific name for one 
of the orogenies. If one takes the latter 
approach, the widespread event at about 
1,050+50 Myr that produced or was super- 
imposed on major north-east-trending 
structures is a likely candidate. It has all the 
hallmarks of a well defined orogeny, has 
been substantiated by more than one radio- 
metric method and is fairly widespread 
throughout the central part of the 
Province. An appealing alternative 
proposes the term ‘Grenvillian orogenic 
cycle’, analogous to the Appalachian 
orogenic cycle that includes the Taconian, 





100 years ago 


Last Thursday the Hackney Microscopical 
and Natural History Society held their annual 
soirée, always a very successful event. Many 
other similar London societies were 
represented at the meeting. 

An elaborate report upon the opening up of 
two of the pyraminds at the boundary of the 
Libyan Desert near Sakkara is now published 
by Prof. Brugsch. The learned professor 
estimates the matter to be of the most 
important and valuable kind. At the close of 
1880 the entrances to the sepulchral chambers 
of the three pyramids were laid bare. The 
ceilings were taken off, and only the two sides, 
all covered with hieroglyphics, rose from the 
débris. The hieroglyphics point to the reign of 
Pharaoh Apappus. 

An important experiment in electric lighting 
is about to be made in the City. Hitherto the 
electric light has been used, as on the Thames 
Embankment and Waterloo Bridge, in 
conjunction with gas; but in the City the 
thoroughfares selected are to be lighted by 
electricity alone, which will be continued all 


Acadian and Alleghanian orogenies. 
Already two orogenies, the Elzevirian and 
the Ottawan have been proposed. 

The period from 1,150 to 1,000 Myr ago 
was undoubtedly a geologically active one, 
not only in the Grenville Province, but 


-elsewhere in the Canadian Shield. 


Widespread basic magmatism (Logan sills 
and Keweenawan lavas in the Lake 
Superior region, basaltic flows and diabase 
dykes in the Northwest Territories) and 
deep-seated alkalic and carbonatitic 
activity in northern Ontario!?-** suggest a 
time of large-scale rifting and faulting. 
Perhaps a closer look at Proterozoic 
sequences and intrusive bodies outside 
the Grenville Province may help to pin 
down more accurately the age of the main 
Grenville event. Whether such an approach 
will hold further clues about the origin of 
the Grenville Province and its deformation 
or whether such ages are merely coinci- 
dental will have to be substantiated by 
further work. 

So the Grenville thorn still remains” 
embedded in the side of the geologist 
interested in the Proterozoic. Baer’s paper, 
however, certainly forces a re-evaluation 
of the significance of the ~ 1,000 Myr 
figure so often quoted for the Grenville 
Orogeny. Whether the two proposed 
events at ^ 1,100 Myr and ~ 950 Myr are 
geologically significant will only become 
clear as more detailed field mapping 
emerges. Ld 


night. The experiment is to be continued for a 
year, at an outlay of about 8000/. 

It is known that the young horns of the 
Cervus maral (Severtzoff), when they are 


_ filled with blood and not yet ossified, are very 


much prized by the Chinese, who purchase 
them at the Siberian frontier, paying as much 
as six to twenty pounds the pair. A very active 
chase of the maral has therefore always been 
carried on in Siberia, and since it became 
rather rare, the Cossacks in the 
neighbourhood of Kiakhta have domesticated 
this stag. Now we learn from a communication 
by M. Polakoff that its domestication has 
greatly extended in Western Siberia, so that 
there are herds of seventy head; but the horns 
of the domesticated deer, as might be 
expected, have lost a good many of their 
original qualities. 

A stenographic piano has been 
experimented on by the daughter of the 
inventor, in the French Chamber of Deputies, 
the Senate, and to the Municipal Council of 
Paris, with great success, The system consists 
of a combination of signs through which every 
sound is represented. The reproduction is as 
rapid as speaking, and the same operator can 
continue the work for hours. The signs used in 
this system being printed by machinery, the 
reading is immediate, and can be made by 
other people than the operator. The State 
stenographers propose to be trained in the use 
of the instrument. It is an affair of a few 
months of practice. 


from Nature 23, 3 and 10 March 1880. 
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Research with texture pairs having identical second-order statistics has revealed that the pre-attentive 
texture discrimination system cannot globally process third- and higher-order statistics, and that 
discrimination is the result of a few local conspicuous features, called textons. It seems that only the 
first-order statistics of these textons have perceptual significance, and the relative phase between textons 
cannot be perceived without detailed scrutiny by focal attention. | 
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THE study of pre-attentive (also called effortless or instan- pre-attentive texture discrimination. The first-order statistic (or 
taneous) texture discrimination can serve as a model system with probability distribution) is simply the probability that randomly 
which to distinguish the role of local texture element detection thrown dots will land on a certain colour (for example, black) of 


from global (statistical) computation in visual perception. the texture. This first-order statistic is clearly very different for 
Indeed, the question of whether there are basic elements in the two textures in Fig. la. 

perception out of which higher percepts are built, or whether Similarly, the effortless texture discrimination in Fig. 15 can 
these higher percepts are indivisible, as the Gestaltist psy- be easily explained by the local orientation difference between 
chologists claimed, is still debated. Without using the sophisti- the elements that constitute the two textures. But again it is 


cated techniques described in this article, it is not obvious, even possible to describe the difference between the texture pair 
in the case of pre-attentive texture discrimination, whether local globally. Here, the first-order statistics of the two textures are 
differences between the texture elements directly contribute to identical, but their second-order statistics differ greatly. The 
discrimination or whether these differences are sensed in a second-order statistic (or joint probability distribution) is the 
global way only through differences in the statistics of the probability of the events that the vertices (end points) of 
texture. randomly thrown 2gons (dipoles or needles) of all possible 

A few examples will clarify this problem. For instance, the lengths and orientations will fall on certain colours of the texture 
texture pair in Fig. 1a effortlessly separates into two distinct (for example, both on black). [The ngon statistic (or nth order 
textures with a sharp boundary between them. This is true even joint probability distribution) of an image can be obtained by 
when the texture pair is presented for 160 ms (or less), outside randomly throwing ngons of all possible shapes on the image 
foveal gaze (to prevent scrutiny of the textures element-by- and observing the probabilities that their n vertices fall on 
element by scanning eye movements), and when erasure is used certain colour combinations.] Obviously, the second-order {or 
afterwards (to prevent scrutiny of the texture pair’s after-image dipole) statistics are very different for the two textures in Fig. 1b. 
by shifts of focal attention). One ‘explanation’ of this pre- Finally, Fig. 1c is an example in which the textures are defined 
attentive texture discrimination is that the local texture elements globally by keeping their second-order statistics different but 
in the two textures which have different sizes are processed by their first-order statistics identical, yet the resulting discrimin- 
local detectors selectively tuned to different sizes; texture dis- able textures also exhibit locally perceivable differences. Here 
crimination would be directly conveyed by these detectors. the left half-image is generated by a two-dimensional Poisson 
Alternatively, one could describe the difference between the process, while the right-half field is generated by the same 
two textures globally, by the difference in their first-order process, but with the restriction that no two dots can fall closer to 
statistics, and assume that this statistical difference underlies each other than some distance e. A local basis for texture 
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Fig. 1 Pre-attentively distinguishable texture pairs based either on global statistics or local conspicuous elements, or both: a, with different 
first-order statistics and difference in element size: b, with different second-order statistics and different element orientation; c, with different 
second-order statistics that result in short neighbouring dots (dipoles) of critical size that can occur only in one half-field. (From B.J. etal.) 
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Fig.2 Pre-attentively indistinguishable texture pairs with identical second-order but different third- and higher-order statistics: a, composed of 





randomly thrown similar micropatterns and their mirror images, respectively (from B.M. et al. ); b, composed of dual micropatterns, as 
described in Fig. 3b (from B.J.'*); c, composed of dual micropatterns as described in Fig. 36 (from B.J.°°). 
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Fig. 3 The four-disk method and its generalization to generate 
isometric dual micropatterns that when randomly thrown, respec- 
tively, yield texture pairs with identical second-order statistics. 
a Depicts the four-disk method of B.J. eral.'°. One micropattern is 
composed of the four identical disks A, B, C and D, such that A is 
centred on the x-axis, B and C are centric symmetric to the origin, 
while D is centered on the y-axis. The dual micropattern contains 
D’ in place of D, that is symmetric with respect to the origin of D. 
The dual micropatterns are isometric, but there exist triangles 
(ABD) that cannot fall on the dual micropattern (after B.J, et al.!°), 
b, Generalization of the four-disk method of four steps B1, B2, B3 
and B4, where disk A can be any object with bilateral symmetry 
across the x-axis, BC disks can be replaced by any centric sym- 
metric object, and D and D’ can be any objects with bilateral 
symmetry across the y-axis, and centric symmetric to each other 
(after Caelli et al.*>), 


discrimination exists if one considers feature detectors with 
receptive fields (of e or smaller extent) as are found in the visual 
system of vertebrates’“. Texture segregation could be 
explained by the frequent stimulation of these detectors in the 
left field, whereas no such detectors are activated in the right 
field. 

These examples indicate that effortlessly discriminable tex- 
tures with different second- or first-order statistics—which 
include most, if not all, natural textures—also seem to differ 
locally. So whether the pre-attentive visual system merely 
detects the occurrence of certain local features that are present 
in one texture and absent in another, or analyses some global 
statistical parameter that distinguishes these textures is still 
undecided. At this point, some readers might favour the theory 
of feature detectors, influenced in their choice by the dramatic 
neurophysiological discoveries of such detectors in the visual 
systems of frog, cat and monkey by such workers as Kuffler’, 
Barlow’, Lettvin et al.’ and Hubel and Wiesel*. However, 
Barlow, who pioneered the notion of a receptive field in neuro- 
physiology’, was unable to find psychophysical evidence for 
elongated receptive fields in human texture perception. He 
recently studied the detection of one rectangular random-dot 
array surrounded by another having different first-order statis- 
tics” and found, to his surprise, that performance of detection 
did not change with the aspect ratio of the target rectangle, 
despite the fact that most receptive fields in the monkey cortex 
are highly elongated". Indeed, it took 16 years to find evidence 
that local feature detectors participate in texture perception. 


The iso-second-order texture paradigm 


Figure la, b and c demonstrate that the pre-attentive visual 
system might process differences in second-order statistics, or 
just detect conspicuous local differences, or perhaps performs 
both operations. In 1962, to test the limit of statistical compu- 
tational capabilities of the pre-attentive visual system, I posed 
the question: would it be possible to create texture pairs with 
identical second-order statistics, but different third- and higher- 
order statistics; and could such iso-second-order textures still be 
discriminated’? The mathematicians Rosenblatt and Slepian 
solved the first part of this question for Markov processes®, and 
in probing the second part of the question, I observed that 
iso-second-order Markov textures of densely packed stochastic 
dot arrays were usually indistinguishable without scrutiny’. 
Recently, a new class of two-dimensional, non-Markov sto- 
chastic dot textures has been created by Pratt et al.°, and these 
were also indistinguishable when their second-order statistics 
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agreed. From these observations one could conjecture that “the 
pre-attentive textural system cannot globally compute third- or 
higher-order statistics”. This will be called the ‘modified Julesz 
conjecture’. (The original Julesz conjecture, which hypothesized 
that “‘iso-second-order textures are indistinguishable’’, has been 
disproved and will be discussed below.) 

The main problem with these indistinguishable iso-second- 
order stochastic dot textures is that they are also locally indis- 
tinguishable. It would be more convincing to test the modified 
Julesz conjecture using iso-second-order texture pairs whose 
elements are conspicuously different yet as textures are indis- 
tinguishable. Recently I and my co-workers'*"* have succeeded 
in generating several classes of iso-second-order texture pairs 
that are globally (that is, as textures) indistinguishable but 
locally (that is, their elements) can be discriminated, Figure 2a, b 
and c demonstrate three such texture pairs. 

The texture pair in Fig. 2a is composed of identical non- 
overlapping elements (‘R’) and their mirror-images in all 
possible random orientations. Such texture pairs, as I and my 
co-workers'® have shown, have identical second- but different 
third- and higher-order statistics. (Indeed, when one of these 
textures is printed on a glass sheet, the other side shows the 
mirror-image texture, and obviously the dot and dipole statistics 
must agree, but the triangle statistics differ.) The texture pair in 
Fig. 2a is sufficiently indistinguishable that it is unlikely, without 
prior prompting, that one would suspect that this texture pair is 
not a single coherent texture. One has to scrutinize the textures 
element by element and perform a ‘mental rotation’ in the 
Shepard and Metzler sense’. Indeed, even when the pair of 
elements is presented in isolation, the two elements cannot be 
discriminated in a 160-ms brief flash followed by erasure if they 
are oriented far from parallel. | 

Figure 2b depicts an even more interesting case. This iso- 
second-order texture pair and many others were generated by 
the generalization of the four-disk method described by myself 
and my co-workers’* as developed by Caelli et al.. Figure 3 
legend describes how the four-disk method and its generaliza- 
-. tion work. One can prove the geometry that the micropattern 


E composed of the four disks ABCD, and its partner composed of 
the disks ABCD’ are isometric: to any two points (dipole) 
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selected in one micropattern there exists a corresponding dipble 
in the dual micropattern. Although these dual dipoles usually 
have different orientations, the textures formed by the random 
throwing of the micropatterns in all orientations result in iden- 
tical dipole statistics. The generalization of the four-disk method 
is as follows. One can easily verify that disk A can be chosen to 
be any shape with bilateral symmetry to the x-axis. 
B and C disks can become any shape with centric symmetry 
through the origin, while D and D’ can be replaced by any shape 
with bilateral symmetry across the y-axis and equally distant 
from the origin. The dual micropatterns composed of these three 
forms again are isometric. However, there are triangles whose 
three vertices will fall on one micropattern, but not on its dual 
micropattern. Thus, the texture pair in Fig. 2b has the same 
second-order, but different third-order statistics. Here the ele- 
ments of the two indistinguishable textures are pre-attentively 
indistinguishable although in this case with focal attention they 
can be easily told apart. After all, one would expect that simple 
cortical units whose elongated receptive fields match the 
rectangles in these texture elements should differentially fire for 
zero, one or two X’s being contained in these rectangles. That no 
textural discrimination is obtained suggests two possibilities: (1) 
differences in third- or higher-order statistics are not processed: 
and (2) the output of local feature analysers is linearly averaged. 
The latter statement refers to the observation that areas covered 
by rectangles containing only single X’s when linearly averaged 
have the same contribution as rectangles containing zero or two 
X’s when these occur with 0.5 probability and one assumes that 
the simple cortical units are themselves linear. 

Figure 2c is perhaps the most instructive example. It is also 
generated by the technique described in Fig. 35. Here the 
indistinguishable iso-second-order texture pair is composed of 
dual elements, respectively, that in isolation are pre-attentively 
discriminable. Thus, when the dual elements are briefly flashed 
(followed by erasure) and the two elements placed 6 deg arc 
apart (3degarc from the fixation point) they can be dis- 
criminated, regardless of their orientations. The lack of texture 
discrimination in Fig. 2c is rather unexpected. If one were to 
assume that Kuffler units and elongated blob detectors of the 
Hubel and Wiesel type are involved in perception-—as attested 
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Fig. 4 Iso-second-order texture pair generated by the four-disk method: a, just below threshold of pre-attentive texture discrimination (from 
B.J. et al.*®),; b, well above threshold. Pre-attentive texture discrimination is based on local conspicuous features of quasi-collinearity of disks. 
(From Caelli and Julesz’ ey 
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toby the fact that the ‘open’ and ‘compact’ dual elements can be 
discriminated—it is rather surprising that pools of such detectors 
(differentially tuned to the larger open and smaller compact 
elements) are not utilized in pre-attentive texture dis- 
crimination. This problem will be resolved in the following 
sections. 

It had been shown that iso-second-order textures exist that 
are indistinguishable globally even when locally their elements 
are either attentively, or even pre-attentively, distinguishable. 
Because the second-order statistics determine the autocor- 
relation function, and the Fourier transform of the autocor- 
relation function is the power spectrum, these iso-second-order 
textures have identical autocorrelation functions and identical 
power spectra. Thus, the pre-attentive visual system ignores the 
phase (position) spectrum that is so conspicuous when the 
elements are viewed by focal attention. This implies the opera- 
tion of two visual systems, as has been suggested by many 
workers in the fields of attention and cognition. The attentive 
system uses focal attention scanned serially. The pre-attentive 
system uses distributed attention that is mediated by a parallel 
process. The insensitivity of pre-attentive texture perception to 
the position of texture elements directly implies a parallel 
system. 


The role of local elements in iso-second-order 
texture discrimination 


The existence of many indistinguishable iso-second-order tex- 
tures has established that the pre-attentive visual system is 
unable to process statistical information beyond the second 
order. The next question is whether iso-second-order texture 
pairs do exist that yield pre-attentive texture discrimination. If 
they do, such texture discrimination must be the result of local 
features. As we have seen that many seemingly conspicuous 
features do not yield texture discrimination in the iso-second- 
order statistical constraint, those local features that might yield 
texture discrimination should be very special ones. They should 
be regarded as the basic elements of pre-attentive perception, 
and I have named such hypothetical elements ‘textons’’®. 
Indeed, in 1978 several new iso-second-order texture classes 
were discovered that yield strong discrimination based on very 
conspicuous local features. The first was discovered by Caelli 


and myself’? using the four-disk method given in Fig. 3a. In Fig. 
4a a case is shown (using the dual micropatterns shown in Fig, 
3a) that is just below the threshold of pre-attentive texture 
discrimination, although the open and closed texture elements 
in isolation are pre-attentively discriminable. However, it was 
possible to open up the open elements further so that the four 
disk micropatterns became quasi collinear (while keeping the 
dual elements still ‘closed’). As shown in Fig. 45, presenting the 
quasi-collinear features in only one texture region resulted in 
strong pre-attentive texture discrimination. This local feature 
might be visually extracted by local detectors tuned to elongated 
blebs (of given width, orientations and aspect ratios). 

Several other iso-second-order textures have since been 
found that yield pre-attentive texture discrimination? 1478, 
In each case, pre-attentively discriminable local conspicuous 
features such as ‘closure’, ‘corner’, ‘connectivity’ and ‘granu- 
larity’ were prominent. Figure 5a, b and c show a few typical 
iso-second-order texture pairs that yield pre-attentive texture 
discrimination. 

Figure 5a and b were obtained by the generalized four-disk 
method of Fig. 36, and discrimination seems to be due to the 
conspicuous local features of closure and connectivity, respec- 
tively. Figure 5c is an iso-third-order (hence also iso-second- 
order) texture pair created by a new stochastic process of Julesz, 
Gilbert and Victor’* which shows that, contrary to what might 
be believed, perceived granularity need not be determined by 
the power spectrum, nor even by the second- and third-order 
statistics but can be a fourth-order property! Here again, as in 
the case of quasi-collinear disks, it seems that elongated blobs of 
different widths, length and orientation, and perhaps of different 
first-order statistics in small, local neighbourhoods are the local 
conspicuous features yielding texture discrimination. 


The role of terminators in 
texture discrimination 


Only the quasi-collinear structures (line segments) and elon- 
gated blobs in general have so far been identified as textons. Are 
other conspicuous local features such as closure, corner and 
connectivity (Fig. 5a, b) also textons? Fortunately, I have 
recently found that this is not so’°. In one experiment, dual 
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Fig. § Discriminable iso-second-order texture pairs based on local conspicuous features of: a, ‘closure’ (from Caelli et alt’); b, ‘connectivity’ 
(from B.J.'°; a and b were generated by the method described in Fig. 3b); c, ‘granularity’. This texture pair has identical third-order (hence 
identical second-order) statistics (from B.J. et al.'”). The small squares in the first row and middle column are selected black and white at random 
while each 2 x 2 square left of the middle column contains even numbers of black squares and right of the middle column contains odd numbers of 
black squares. However, two basic local features (textons) suffice to explain these differences. In c textons are elongated blobs of different sizes, 
while for a and ġ it is the difference in the number of end-of-lines (terminators) of the dual elements that yields texture discrimination. 
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Fig. 6 Demonstration that if the number of terminators (end-of- 

lines) agrees, then in pre-attentive texture discrimination their 

exact positions are ignored. This texture pair is indistinguishable in 

spite of the fact that the open /closed and connected/unconnected 

features are juxtaposed in the dual elements; however, line seg- 
ments and the number of terminators agree. 


texture elements were selected in which open/closed and 
connected/unconnected features were simultaneously juxta- 
posed (insert in Fig. 6). When these formed texture pairs they 
could not be pre-attentively discriminated from the surround 
(Fig. 6). One might suspect that the texture pair in Fig. 6 is 
indistinguishable (similar to the indistinguishable pair in Fig. 2c) 
because, in addition to having the same line segments, the 
number of the end points (terminators) of these line segments is 
also the same in the dual texture elements. Furthermore, the fact 
that the texture pair in Fig. 6, composed of ‘S’ and ‘10’-shaped 
elements, is indistinguishable, also shows that the exact position 
of the terminators is not perceived pre-attentively. 

Indeed, if one inspects the discriminable iso-second-order 
texture pairs in Fig. 5a and b, the basis of discrimination can be 
seen to be the difference in terminator number. The pre- 
attentive visual system, evidently, cannot determine the location 
of terminators, but can count their numbers (or density) or their 
first-order statistics. Thus, the putative textons of corner, 
closure and connectivity can actually be simply described by 
differences in terminator numbers. 

Therefore, besides colour, there are two additional texton 
classes: elongated blobs (of given orientation, width and aspect 
ratio) and their terminators. Pre-attentive texture dis- 
crimination is based either on the difference in the textons or the 
difference in the first-order statistics (or some parameter defined 
by the first-order statistic, such as density or standard deviation) 
of the textons. 

Thus, the original Julesz conjecture has been refuted: there 
are iso-second-order textures that can be discriminated. 
However, the modified Julesz conjecture seems to hold: the 
pre-attentive textural system cannot compute statistical 
parameters higher than second order. Therefore, discrimination 


in iso-second-order textures involves differences in lcal 
conspicuous features, called textons. 


Interaction between textons 


One can even strengthen the modified Julesz conjecture by 
raising the possibility that the pre-attentive textural system 
globally cannot even compute second-order statistical 
parameters, but can evaluate only the first-order statistics of 
textons. If this were the case, then for the pre-attentive system 
the interactions between textons would be simple, based on 
some first-order statistical parameters. 

An experiment, depicted by Fig. 7 (and published here for the 
first time) suggests such a possibility. In Fig. 7a the same 
micropattern comprised of a 4 x 4 dot array of randomly selec- 
ted 8 white and 8 black dots is repeated many times horizontally 
and vertically with an 8-dot period (leaving 4-dot-wide blank 
gaps between the micropatterns). This periodically covered area 
is flanked on two sides by an area of densely packed random dots 
of black and white. Figure 7b is derived from Fig. 7a by filling 
the blank gaps between the periodic micropatterns with densely 
packed black and white random dots. The texture pair in Fig. 7b 
(composed of the area with periodic micropatterns and the 
neighbouring random area) have identical first-order statistics 
but very different second-order statistics (and very different 
autocorrelations). Nevertheless, the texture pair appears indis- 
tinguishable. On the other hand, if the 4x4 dot micropattern 
contains a texton (consisting of 8 white and 8 black dots forming 
stripes) as shown in Fig. 7c and d (with and without blank gaps 
between the periodic micropatterns, respectively), Fig. 7d vields 
strong texture discrimination, based on the dense occurrence of 
textons that are practically absent in the other texture. Indeed, 
the largest difference in the autocorrelations between the 
periodic and aperiodic textures occurs at the 8-dot periods, and 
this difference is the same for the indistinguishable texture pair 
in Fig. 7b and the strongly distinguishable one in Fig. 7d. These 
examples clearly indicate that texture discrimination is not the 
result of differences in second-order statistics, but is based on 
density changes in textons. Caelli and myself’, who studied 
discrimination of texture pairs composed of dot pairs (dipoles) 
having different orientational ranges, could predict perceptual 
performance based on the first-order statistic of dipole orien- 
tation alone. 

It is interesting that if texture elements and their dual partners 
differ in their textons, even a single element can be pre-atten- 
tively perceived as being different amidst many iso-second- 
order dual partners (Fig. 8a). 

Recently, Burt and I became interested in the interactions 
between textons, or interactions between the first-order statis- 
tics of different textons*’. We were particularly interested in 
cooperative interactions, and to this end we tachistoscopically 
presented two or more target micropatterns embedded in iso- 
second-order dual partners, either dispersed or grouped, as 
shown in Fig. 8a and b. We found that if the critical (unshared) 
texton belonged to the target micropattern and not the sur- 
round, there was no cooperativity. The dispersed and grouped 
conditions were equally detected, and probability of detection 
increased with the number of target micropatterns (that is, with 
the number of the critical textons). Also, probability of detection 
was greater when the critical texton belonged to the target 
micropattern instead of the surround. In another texture 
paradigm, Beck*’ noted that the presence of features (textons) 
in the target is more perceptible than their absence. 

If the critical texton(s) are absent from the target micro- 
patterns (and thus belong to the surround), then the grouped 
condition is better perceived than the dispersed. However, this 
‘cooperativity’ is of a rather simple kind. If we assume pools 
(layers) of similar textons corresponding to various retinal posi- 
tions, then the presence of a critical texton in a target micro- 
pattern will cause activity in the critical pool (and increased 
activity with many targets, according to their number) regardless 
of whether these textons are dispersed or grouped. However, 
the absence of critical textons in the target micropatterns means 
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that these textons belong to the micropatterns in the surround, 
and densely stimulate the corresponding texton layer. To be 
certain that a texton-free area is not a chance fluctuation, this 
area must be significantly larger than the mean distance between 
the micropatterns of the surround. Obviously, grouped target 
micropatterns assure a much larger texton-free area than do 
dispersed ones. 

Finally, we also observed that with long practice, involving 
several hundred trials, some indistinguishable iso-second-order 
texture pairs (such as Fig. 2c) could become pre-attentively 
discriminable. This might seem contradictory to the recent 
cognitive studies of Treisman”, who conjectured that con- 
junctions of features (she used colours and shapes) cannot be 
pre-attentively perceived, even with practice, but require serial, 
element-by-element search. The research reported here agrees 
with her findings. Only disjunctive texton groups (that is, 
differences in textons) can be perceived pre-attentively (that is, 
as a parallel process, regardless of element number). The reason 
the conjunctions of textons that form the dual elements in Fig. 2c 
can be learned might be that these open and closed elements can 
have different stimulatory effects on elongated blob detectors, 
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which are themselves textons. Their detection escaped attention 
before the task was mastered. 


Textons and Marr’s ‘primal sketch’ 


It was only after 18 years that I and my co-workers discovered 
how the simple, complex and hypercomplex cortical feature 
detectors of the neurophysiologists would correspond to the 
texton detectors of elongated blobs and their terminators. Thus, 
it took that long to overcome the initial scepticism, and show 
that the feature detectors of the neurophysiologist could be 
utilized in pre-attentive perception. Marr”, within the frame- 
work of artificial intelligence (machine vision), proposed his 
‘primal sketch’ model based on local intensity changes across 
edges, elongated blobs (lines) and end-of-lines, and their first- 
order statistics. In essence, the input is spatially filtered and 
convoluted with masks of given shapes, widths and orientations, 
similar to the ‘Mexican hat function’ shape receptive fields of 
simple cells of Hubel and Wiesel®. Marr also introduced inhibi- 
tion between such simple units (particularly of perpendicular 
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Fig. 7 Demonstration that the pre-attentive textural system cannot process globally differences in second-order statistics, and only first-order 

statistics of textons yield texture discrimination. a, Periodically repeated 4x4 dot micropattern that does not contain textons, flanked by 

randomly dotted areas. b, Same as a, except that the blank gaps between the periodic micropatterns are filled with random dots. The 

second-order Statistics are very different between the area composed of periodic micropatterns and its random neighbour, and yet they appear 

indistinguishable. c, Same as a, except that the 4x 4 dot micropattern contains textons of periodic stripes. d, Same as c, except that the noise 

insertion described in b is carried out. Now strong texture discrimination is experienced based on the dense occurrence of textons that are missin g 
in the neighbouring area. 
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Fig. 8 Demonstration that texton differences can be pre-atten- 

tively detected even if the target micropatterns are dispersed within 

many dual elements as in a; in b a few target elements are grouped. 

With centre fixation and briefly flashed (using erasure), the dis- 

persed and grouped case yields identical detection when the 
unshared textons belong to the target. 


units) giving rise to terminators, trying to emulate all the known 
feature detectors of the neurophysiologists, and -devised 
algorithms that would emulate pre-attentive vision. Thus, Marr 
was the first to stress the role of terminators in texture percep- 
tion. However, he went a step further and introduced ‘place 
tokens’, higher-order collections of blobs (lines) based on 
several grouping aperations that do not depend on semantic 
content. Space does not permit a review of this important model, 
but let me quote Marr (ref. 23, p. 510): ‘Julesz (1975, p. 43) 
mentioned in an aside the possibility that texture vision may rest 
on ‘first-order statistics of various simple feature extractors’ but 
this idea requires the concept of the primal sketch and of 
recursively applied grouping before it can be brought into 
fruition.’ Although Marr’s primal sketch model goes beyond 
texture perception, into pre-attentive vision and beyond, 
neither he nor neurophysiologists or researchers in artificial 
intelligence could have guessed that in texture discrimination 
only the number of terminators has perceptual significance and 
_ that. their position is ignored. Similarly, without careful psy- 
< chological research, one cannot guess how real and virtual 

dipoles (between two place tokens) affect perception. For 
example, the primal sketch model regards them as equal, which 
led to incorrect predictions in texture discrimination as shown by 
Schatz”. Also, the finding that in texture perception only three 
or more quasi-collinear place tokens act as a real line shows the 
importance of perceptual experiments’®. It remains to be seen 
whether, besides the three texton classes, some other textons 
will be found in pre-attentive texture discrimination—the more 
complex place-tokens of Marr. On the other hand, anyone who 
wants to go beyond texture perception should carefully study 
Marr’s discerning ideas. 

Obviously, artificial intelligence, neurophysiology and psy- 
chology can aid each other, and the fact that the search for 
textons led to findings that agree with ideas and discoveries in 
artificial intelligence and neurophysiology is most gratifying. 


Conclusion 


It was shown that contrary to the Gestaltists’ belief, a highly 
global percept, texture, can be decomposed into elementary 
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units, the texton classes of colours, elongated blobs of specific 
widths, orientations and aspect ratios, and the terminators of 
these elongated blobs. 

One might ask whether sinusoidal gratings, so popular in 
vision research, could be used in texture perception. After all, 
the detection of compound sinusoidal gratings does not depend 
on phase (if the ratio of the gratings is 3:1 or higher), as shown 
by Graham and Nachmias**. This phase independence at 
threshold of detection, however, should not be confused with 
the phase independence of suprathreshold discrimination often 
found in iso-second-order textures. While textures with iden- 
tical second-order statistics have identical power spectra, the 
converse is not true. One cannot profitably study textures having 
only identical power spectra, because changes in phase between 
sinusoidal grating components dramatically change the first- 
order statistics, and thus give rise to texture discrimination for 
trivial reasons. Furthermore, global Fourier analysis cannot 
reveal the occurrence of local textons, particularly terminators” 
(also implied by the demonstrations of Fig. 7 and ref. 28). 

Thus, through the iso-second-order texture paradigm we can 
restrict the global computational powers of pre-attentive 
perception and identify local conspicuous features, the textons. 
Whatever the final number of these texton classes will be, it is 
evident that for texture discrimination the Gestaltists’ view has 
not been corroborated: the global percept of texture was found 
to be decomposable into more basic elements. Only if pre- 
attentively discriminable texture pairs were to be discovered, 
with its elements (or local aggregates of these elements) found to 
be pre-attentively indistinguishable, would my modified con- 
jecture be refuted. 

This article was restricted mainly to research based on the 
iso-second-order texture paradigm. The reader interested in 
more conventional texture research, particularly in the more 
complex problems of textural grouping and recognition, and in 
practical problems such as that of automating the search for 
malignancy in clinical tissues, might find additional references in 
ref. 27. 

In conclusion, let me draw an analogy to the phase-transitions 
of physics, in which symmetry (invariance) laws and the breaking 
of these symmetries prevail. Textons in pre-attentive perception 
obey such a symmetry law. They seem, within limits, to be 
invariant under positional and scaling transformations. These 
symmetries of textons cannot be broken by pre-attentive and 
peripheral vision, as the ‘coupling’ that locks textons in their 
proper positions is missing (as if the ‘attentional temperature’ in 
these systems were too high). Only by inspecting areas where the 
densities of textons differ, thus switching to focal attention, can 
our visual system break the texton symmetries. Only within a 
small disk of focal attention are the textons coupled (as if this 
disk were ‘cooled’ below a critical temperature), permitting the 
formation of higher percepts (thus enabling us to distinguish, 
say, an R from its mirror image). This analogy mainly serves to 
pinpoint the major implication of our findings, that most of the 
single cortical feature analysers (outside foveal representation) 
might not be connected directly to each other (but interact only 
in aggregate). This relative phase insensitivity might also 
account for the apparent poor spatial resolution of our 
peripheral vision, which, however, is quite acute for textons, 
particularly end-of lines. 
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Consideration of the epidemiological evidence on radiogenic lung cancer in uranium miners, and of the 
incidence of the disease generally leads to an upper estimate for the lifetime risk of 10 ~ cases per 
working level month for members of the general population. 





IN radiological protection, the emphasis is usually on limiting 
exposure to artificial radiation. Thus, there is a well-established 
approach to the protection of staff in hospitals from X rays and 
to the protection of members of the public from radioactive 
consumer goods or from effluent from nuclear power plants. 
How one should deal with exposure to natural radiation is less 
clear. 

Human beings have always been exposed to natural radiation 
both from within and outside the body. The view adopted by the 
International Commission on Radiological Protection (ICRP) is 
that exposure to normal levels of natural radiation cannot 
usually be subject to control, but it is acknowledged that there 
may be unusual circumstances in which control is desirable’. The 
Commission has in mind circumstances in which there is a 
considerable increase in exposure as a result of human practices 
or choices of environment. 
= One of the principal ways in which members of the public 
receive natural irradiation is by breathing the radon-222 decay 
products in air. Radon gas is emitted by soil, rocks and building 
materials, all of which contain the parent radium to some extent. 
Radon can also be present in water, from which it is readily 
desorbed. Out of doors, the gas is dispersed in the atmosphere, 
but it concentrates indoors to a degree dictated primarily by the 
ventilation rate of the dwelling and the rate of radon input. The 
solid short-lived decay products of radon grow in rapidly’ and, if 
attached to an aerosol rather than to walls or furniture, are 
inhaled and irradiate the lung tissues. Lung cancer may result. 

Even in normal circumstances, human exposure to radon 
decay products is substantial compared with other components 
of the overall exposure to natural radiation. In abnormal 
circumstances, radon exposure may be dominant and perhaps 
also unacceptably high. Such abnormal circumstances stem from 
the use of building materials with relatively high radium content, 
for example, or the use of domestic water with exceptionally 
high radon content. 

The basis of dose limitation in radiological protection is risk 
limitation. For example, the dose equivalent limit for workers is 
set so that the average risk likely to be incurred is comparable 
with the average prevailing for other workers in industries 
regarded as having high standards of safety. For members of the 
public, the level of acceptability of risk is probably an order of 
magnitude lower, It is important, therefore, to have some 
information on risk factors for environmental exposure to radon 
decay products if a system of control is to be considered. 

Direct risk information does not exist for environmental 
levels of radon decay products. It is therefore necessary either to 
extrapolate from data for occupational exposure or to infer the 


risk from the incidence of lung cancer in the wider population. 
Both approaches are followed here. We have taken care neither 
to exaggerate the risk nor to overextend the evidence. 


Uranium miner data 


The only occupational data that can be used for obtaining a risk 
estimate for lung cancer caused by radon decay products are 
those from the exposure of underground uranium miners. 
Although the BEIR report’ does give an estimate of the risk of 
lung cancer from whole-body external irradiation, this is 
insufficient for the present purpose. Of the four sets of data on 
miners, those from Sweden and Canada are considered to be less 
useful, and we have therefore concentrated on the data from 
Czechoslovakia and the United States. Information on exposure 
is given in terms of working level month (WLM), the unit 
commonly employed in mining. One WLM is defined as 
exposure for 1 working month of 170 h to a concentration of one 
working level (WL), where one WL is any combination of 
short-lived decay products of radon-222 per litre of air that will 
result in the emission of 1.3x10° MeV of a energy during 
complete decay**”. 

Several factors cause the data on miners to be more difficult to 
use than might at first appear. The average concentrations 
throughout US mines in the 1940s and 1950s were high (7- 
15 WL) and mean exposures accumulated over the 1950s and 
1960s were about 800 WLM (ref. 6); in the last decade, 
however, levels were lower by one to two orders of magnitude”. 
Most of the early information on exposure was obtained by the 
operators, frequently in areas where ventilation problems were 
known to exist: on the other hand, there was sometimes a 
tendency for higher exposures to be under-reported. All the 
measurements on aerosol characteristics, such as particle size 
and unattached fraction, have been made under modern mining 
conditions. These conditions include improved ventilation, the 
presence of diesel smoke (which probably overwhelms other 
particulates) and the virtual disappearance of the one-man 
mine. The evaluation of risk is also complicated by the presence 
of other carcinogens in mine air as well as by the miners’ 
smoking history and their previous experience of hard-rock 
mining. 

The estimates of lifetime risk that emerge from the data 
available on miners range from one estimate of 21-54 deaths 
from lung cancer per 10° WLM of collective exposure to one of 
1,000 or so. Stewart and Simpson (unpublished) and Myers and 
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Stewart” have evaluated the American and Czech data using 
various statistical techniques. Their work indicates that the 
incidence of lung cancer can be accounted for by a linear 
relationship with exposure, allowing a constant factor for non- 
radiogenic lung cancers; their estimate is 21-54 lung cancers per 
10° WLM from the US data’’, but the Czech data imply a risk 
about three times as great''. The discrepancy is not readily 
explained. Stewart and Simpson also found a real or apparent 
threshold in some of the analyses, which suggests that the 
estimate of risk for low-level exposure may even include zero as 
a lower bound. (In such cases, Stewart and Simpson used the 
slopes of the response curves to derive risk factors.) Jacobi’? also 
noted the discrepancy between the US and Czech data and 
proposed a range of 100-500 lung cancers per 10° WLM, which 
is virtually identical with an earlier estimate by UNSCEAR”: in 
neither case is a threshold effect posited. The highest estimate of 
risk of about 1,000 lung cancers per 10° WLM comes from 
Archer’s recent proposal'*. 

Whereas it is not possible completely to rule out any of these 
estimates of the lifetime risk from occupational exposure, our 
objective is to estimate risk to the general population from 
exposure to radon decay. products in the general environment. 
In using the data for uranium miners to derive the lifetime 
probability of fatal lung cancer for members of the public, one 
must note that there are significant environmental and phy- 
siological differences between the two situations. These 
differences result from the possible contribution to lung cancer 
induction in mining environments of other dusts and gases, from 
differences in breathing rates, from differences in equilibrium 
ratios of the radon decay products, from high as opposed to low 
concentrations, from differences in smoking habits and from 
population distributions that differ in age and sex. Although 
some of these factors may tend in opposite directions, on 
balance, they suggest that members of the general public may be 
at a lower risk per unit exposure than miners. For example, 
breathing rates for a man resting indoors could be two to three 
times lower than for a man mining, with the concomitant 
decrease in exposure counteracted to some degree by an 
increase in the probability of depositing radon decay products in 
the lung. 

We judge from the epidemiological evidence that the most 
defensible upper bound of the lifetime risk to the general 
population is 100 deaths from lung cancer for a collective 
exposure of 10° WLM, or 10°* per WLM. This particular factor, 
although severely rounded to avoid the impression of unwar- 
ranted accuracy, can be supported by other indirect epi- 
demiological evidence, which is detailed below, and by an 
analysis (W. Jacobi, personal communication) of the dosimetry 
of radon decay products in the manner of Jacobi and Eisfeld’’. 


Lung cancer incidence 


Most calculations of the exposure of the general population 
were initially made on the basis of outdoor radon levels. Indoor 
levels were known to be higher, but it is only recently that an 
appreciable number of measurements has become available. 
UNSCEAR" summarized the literature appearing before 
1976, and more detailed measurements have since been pub- 
lished'®'°. Information on living habits in the Northern 
Hemisphere indicates that more than 90% of the day is spent 
indoors, so that indoor exposure is used here to represent total 
exposure. 

The activity concentration of radon indoors in the Northern 
Hemisphere lies, on the average, in the range of 0.5-1 pCi per l. 
If a value of 0.8 pCi I is assumed, some measurements in the 
United States’® indicate that this can be converted to a decay 
product concentration of ~0.004 WL. For 168 h per week of 
indoor occupancy, the exposure would be 0.2 WLM in 1 yr or 
12 WLM in 60 yr. The latter period might be shortened some- 
what, but this would not change our general conclusion. 
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Given this mean lifetime exposure of 12 WLM and the risk 
factor of 10°* per WLM given above, a maximum lifetime risk of 
0.12% is obtained by extrapolating linearly and by neglecting 
latency and accumulation interval. This is a relatively small 
fraction of the present lifetime risk of lung cancer (about 4% in 
the United States), which is largely attributable to cigarette 
smoking. l 

Making the reasonable assumption that exposure of the 
general population to radon decay products has been constant 
over several decades, one can compare the estimate of 0.12% 
with the incidence of lung cancer before the effects of smoking 
became pronounced. There are relatively good data”? on 
incidence in the United States in 1930 which yield a lifetime risk 
of 0.1%, roughly 0.15% for males and 0.05% for females. Since 
not all lung cancers at that time would have been caused by 
radon, this indirect evidence supports the view that a value of 
1074 per WLM is a reasonable upper bound of risk to members 
of the public. 

Quite independently, Cliff and others'’'* have studied the 
relationship between the observed exposure to radon decay 
products and the observed incidence of lung cancer in British 
women. Taking an average exposure rate of 0.15 WLM per yr, 
and assuming a risk factor of 2 x 107* per WLM (ref. 6) as well as 
a 20-yr latency period, they predict a higher incidence of lung 
cancer than is observed from all causes in women below 40 years 
of age. This supports the evidence from the United States, and 
indeed an upper bound of 10°* per WLM for the lifetime risk 
would not be incompatible with the British epidemiological 
evidence. : 

The overall evidence therefore points to an upper estimate for 
the lifetime risk of 10°* cases per WLM for members of the 
general population. 


Risk estimates compared 


It is of interest to compare the risk of lung cancer from exposure 
to radon decay products with that from external penetrating 
radiation. On the basis of a linear non-threshold model, and 
purely for protection purposes, ICRP estimates that the risk 
factor for external irradiation of the lung alone is 2 x 10° per Sv 
or 2x 107° per rem, where Sv and rem are the new and old units 
of dose equivalent, respectively’. Thus, the lifetime risk from an 
exposure to radon decay products of 1 WLM, namely 107°, 
would not exceed that from an external irradiation dose 
equivalent of 50 mSv (or 5 rem) to the lung alone. 

It is difficult, however, to imagine circumstances in the general 
environment in which the lung alone would be exposed to 
external radiation: whole-body irradiation is much more likely. 
The ICRP takes the view that most, if not all, forms of fatal 
malignant disease and hereditary damage can be induced by 
exposure to ionizing radiation and that, when all the organs of 
the body are uniformly exposed, cancer of the lung in particular 
will account for about 10% of all harmful effects. Thus, the 
lifetime risk associated with an exposure to radon decay 
products of 1 WLM would not exceed the overall risk associated 
with a dose equivalent of about 5 mSv (or 0.5 rem) to the whole 
body from external radiation. 

The annual dose equivalent limit recommended by the ICRP 
for individual members of the public is in fact 5 mSv. 

This review has its origins in an international workshop on 
radiation protection principles for naturally occurring 
radionuclides held at Arlington, Virginia, in May 1978 by the 
Nuclear Energy Agency of the OECD. The authors, who were 
members of a group considering radon problems, have had a 
number of subsequent exchanges and discussions on the esti- 
mation of risk from this source. Thus the present paper should 
be attributed to them, even though they had the advantage of the 
initial group deliberations which included M. Kinoshita. The 
authors also acknowledge the assistance they received from 
M. C. O'Riordan. 
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VLA observations of 88433 at 1,465, 4,885, and 15,035 MHz between 8 September 1979 and 20 June 1980 show structure 
with size scales between 0.1 and 5 arc s which changes significantly on time scales of 1-2 weeks. Jets with 8-20% linear 
polarization are ejected on both sides of the central radio source which is coincident with the optical image, along position 
angles between 80° and 120° with a mean position angle for ejected material of 100°. Features in linear polarized intensity 
maps can be identified in four successive epochs spanning 196 days, and the resulting proper motions for identifiable clouds 
are 0.0088 arc s per day. If the feature velocities are equal to that of the optical emission lines, the distance to SS433 is 
5.1 kpc. The position angles of identifiable features correlate well with the known precessing optical jets if one extrapolates 
back to the time of ejection using the observed transverse speeds. The equipartition magnetic field strengths of 0.001-0.01 G 
indicate synchrotron lifetimes of 10°-10"' s; therefore synchrotron losses are not a dominant factor in the evolution of the 
extended radio emission. The evolution of radio jets indicates that the relativistic electrons and magnetic fields seen as 
synchrotron emission may be generated by flows along the rotation axis of the accretion disk of the $8433 star system. 


DISCUSSIONS’ ™ of the peculiarities in the optical emission lines 
of $S433 together with various theories*”’ have established that 
$8433 has oppositely directed jets of optically emitting material 
moving with speeds of 0.26c. Variations in the apparent 
Doppler shifts of emission lines indicate an oscillation in the 
direction of the jets which can be interpreted as precession of an 
accretion disk responsible for the weak X-ray emission? and the 
high velocity flows perpendicular to the accretion disk which 


appear as the optically observed jets. The detection of radio 
emission from $8433 (refs 9, 10) has led us to question whether 
$S433 has radio jets analogous to those in extragalactic radio 
sources or double radio sources such as those associated with the 
strong X-ray source Sco X-1 (ref. 11). We now discuss obser- 
vations that establish not only that 55433 has radio jets, but that 
they are linearly polarized with changes in strength, position, 
polarization, and polarization angle on time scales of 1-2 weeks. 





Table 1 $8433 total fux densities at different frequencies and spectral indices 


TERT EARS RITE AA AAAA ARAN FUROR HAMIL PEI 


1,465 MHz 2,695 MHz 4,885 MHz 8,085 MHz 15,035 MHz 
S, S i s,* í 
Date JD -2444000 (Jy) (Jy) (Jy) (Jy) a 
8 September 1979 125 0,864 0.1 0.41+0.05 0.23+ 0.05 ~0.61 
9 September 1979 126 0.41+0.05 
16 September 1979 133 0.45 +0.05 
21 September 1979 138 1.0+0.1 0.67 + 0,06 0.4540.05 0.33 +0.05 0.22 +0.05 -0,64 
7 December 1979 215 1.75401 1.37+0.13 0.88+ 0.05 0.65 +0,06 0.4040,05 -0.76 
7 March 1980 306 9062+01 0.59 +0.06 0.41+0.05 0.31 +0.95 -0.57 
5 April 1980 335 0.78 £0.05 0.55+0.05 0,43+0.05 0.38 +0.05 0.20 40.05 -0,54 
20 June 1980 4il 1,00+ 0.05 0.70 + 0.07 0.50 + 0.05 0.28+0.05 0.20% 0.05 -1.0 





* Green Bank interferometer data (from ref. 12). 
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Fige1 VLA maps at 4,885 MHz. The grid of crosses corresponds to 2 arcs intervals. Position angles corresponding to 80°, 100°, and 120° are 
marked with solid, dashed, and solid straight lines, respectively. The beam shape corresponds to the 50% contour level for each map: a, 8-9 
September 1979 with peak of 0.32 Jy per beam and contours at the 95, 80, 65, 50, 35, 20, 12, 8, 5,4, 3, 2, 1.5, 1, and —1% level; b, 16 September 
1979 with peak of 0.36 Jy per beam and contour levels as for the 8-9 September map; c, 7 December 1979 with peak of 0.71 Jy per beam and 
contours at the 95, 80, 65, 50, 35, 20, 15, 10, 7, 5, 4, 3, 2, 1.5, 1, 0.5, and —0.5% level; d, 7 March 1980 with peak of 0.29 Jy per beam and 
contours at the 95, 80, 65, 50, 35, 20, 12, 9,7, 5,4, 3, 2, 1, 0.7, 0.4, and —0.4% level; e, 5 April 1980 with peak of 0.34 Jy per beam and contours 
at the 95, 80, 65, 50, 35, 20, 10, 7, 5, 4, 3, 2, 1, 0.5, and —0.5% level; f, 20 June 1980 with peak of 0.39 Jy per beam and contours at the 95, 80, 65, 
50, 35, 20, 15, 10, 7, 5, 4, 3, 2, 1, 0.7, 0.4, and —0.4% level. The restoring beam is denoted by the cross-hatched ellipse and is equivalent to the 
50% contour of the map. 


The observations 


The dates of observation, frequencies, and total flux densities 
(S,) obtained for $$433 with the partially completed VLA from 
8 September 1979 to 20 June 1980 are listed in Table 1, together 
with the 2,695 and 8,085-MHz flux densities for $$433 
measured at the same times '* with the Green Bank inter- 
ferometer. The VLA observations were taken with different 
numbers of antennas, ranging from 17 in September 1979 to 22 
in June 1980. Bandwidths of 50 MHz were used and system 
temperatures were roughly 45, 45, and 250 K at 1,465, 4,885, 
and 1,5035 MHz, respectively. Calibration was based on inter- 
leaved observations of the point source 1947 +079, assuming a 
position for this source of a(1950)=19h47 min 40.155 
+0.013 sand 8(1950) = +07°59'35.8" + 0.2” and flux densities of 
1.15, 1.04, and 0.45 Jy at 1,465, 4,885, and 15,035 MHz, 
respectively. All the VLA observations listed in Table 1 are 
consistent with the following position for $8433: a(1950) = 
19h 09 min 21.274s+ 0.013 s, (1950) = +04°53'54.3"+ 0.2". 
This is consistent with the radio and optical position of Kaplan et 
al. measured near epoch 1979.6. Thus from July 1979 (epoch 
1979.6) through June 1980 (epoch 1980.5), the radio position of 
S5433 has remained centred on the position of the optical image 
measured at epoch 1979.5. 

The radio spectra for $8433 at six different epochs as 
established by the VLA and Green Bank interferometer data 
(Table 1) show non-thermal spectral indices of a= 


—0.6+0.1(S, = v“) except for times shortly after flaring, that is, 
7 December 1979 and 20 June 1980. Shortly after strong flaring 
the spectra steepen due to newly accelerated relativistic elec- 
trons. On 7 December, 7 March and 20 June there are signs of a 
turnover at lower frequencies. 

The data obtained on 8 and 9 September 1979, when two 
observing programmes coincidentally included 88433 for 
different reasons, showed no signs of change. These data were 
combined in aperture synthesis maps to give radio maps for 
S5433 on 8-9 September 1979, 16 September 1979, 7 Decem- 
ber 1979, 7 March 1980, 5 April 1980, and 20 June 1980. The 
data obtained on 21 September 1979 were at only 1 h angle and 
did not yield a useful map. On the last four epochs maps were 
made at 1,465, 4,885, and 15,035 MHz. Figures 1-3 show the 
4,885-MHz aperture synthesis maps for six epochs, in which the 





Table 2 Angular distance (@) of identifiable polarized components from $8433 











(o 
Date JD — 2444000 A B B C C 
7 December 1979 215 0.5” 
7 March 1986 306 14° 0.7" O06" 0.1" 
5 April 1980 335 1.6" 1.0" G8" 0.3" 
20 June 1980 41} a2” LP 15" Gos 08° 


AEREA AAR AO MA PADKAR ANKA a NAARAAN ANAIA a AA ar aR ANAA ANAE ttt HOR ei ee GAA E Aa aaja aaia A 


O aü a a 


Nature Vol. 290 12 March 1981 








f i rf “ ~ ~ ~ ` k 









a t t i t I 





t f 4 


of 


x 
r a ew NR YL 
~ = Ad FR w 
f 


a E a a a a 
+ 


me ~ y E fg s 





x ~ r s wis ~ - æ : 





Fig.2 VLA 4,885-MHz linear polarization vector maps superimposed on total intensity contours selected from Fig. 3. Polarization maxima 
correspond to the longest vectors with values of: a, 4.6 mJy for 8-9 September 1979; b, 7.6 mJy for 16 September 1979: c, 4.3 mJy for 
7 December 1979; d, 2.6 mJy for 7 March 1980: e, 4.3 mJy for 5 April 1980; and f, 3.2 mJy for 20 June 1980. 


grid of crosses corresponds to 2-arcs intervals. Figure 1 shows 
the total intensity maps (Stokes parameter I). Figure 2 displays 
the linear polarization vectors superimposed on a few total 
intensity map contours. Figure 3 shows maps of linear polarized 
intensity. In Figs 1 and 3 the lowest contour levels correspond to 
the peak ‘noise’ features in the maps. The noise level in linear 
polarization is indicated in Fig. 2 by the random vectors outside 
the vicinity of the $8433 radio contours. 

The 4,885-MHz maps in Fig. 1 were processed with the 
standard mapping and sidelobe correction (CLEAN") pro- 
grammes used at the VLA site. In addition, a self-calibration 
technique, based on solving for antenna-based phase differences 
and amplitude ratios between the visibility data and a model 
derived from the Hégbom'* CLEAN algorithm, was used to 
improve the dynamic range of the maps. This technique was 
used for all of the maps presented here. The 4,885-MHz maps in 
Fig. 1 show that the total intensity structure is predominantly 
contained within the arc set by the position angles 80°-120°, 
with a mean value of 100°. The VLA maps produced by Stocke 
et al, (in refs 15, 16) are qualitatively similar. These maps are 
dominated by a strong central component which usually 
contains ~75% of the total flux. Noting that the beam shape is 
identical to the 50% contour levels, there is a substantial 
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Table 3 Proper motion of $8433 polarized components 











(V/d) sin @ (ares per day) 
A B B' C 
0.0081 0.0094 
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improvement in the maps as the VLA evolved from 14 to 22 


usable antennas. The extended structure in these maps is below 
the 5% contour level. The improved synthesized beam and 
Sensitivity of the VLA made the December 1979 maps greatly 
superior to the September 1979 maps, and the three maps made 
in 1980 had even better quality. The September 1979 maps 
showed signs of extended structure. The 7 December 1979 map 
was made during a short lull in an unusually strong flaring period 
that occurred from 7 August to 29 December 1979 (ref. 12). On 
7 December 1979 there was twice the total radio flux of the 
other maps in Fig. 1, and the ‘extra’ flux appeared as a combina- 
tion of more flux in the central source and a strong bulge of 
emission to the east which contains twice the flux of other 
extended features for the maps at other epochs. This bulge is 
probably due to plasma ejected during this intense period of 
flaring as it takes ~80 days for plasma at a speed of 0.26c to 
travel 1 arcs at a distance of 3.5 kpc. As the maps in Fig. 1 show 
drastic changes in structure, the time scale for perceptible 
changes in extended structure is almost certainly 1-2 weeks. 
Radio jets on both the eastern and western sides of the central 
radio source are most easily seen in Fig. 1d-f. On 7 March most 
of the extended emission to the east shows a variation of position 
angle with distance from the central source. The same pattern 
continues through the April and June 1980 maps, with distinct 
changes in the structure from one map to the next. However, 
outward motion and the consequent determination of proper 
motions are best seen in the linear polarization maps of the 
SS433 radio jets. In the 7 March and 5 April maps in Fig. 1 the 
extended structure can be described in terms of three types of 
features: (1) extended emission located on both sides of the 
central source with roughly 3 arcs separation and a position 
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Table 4 Observed flux density and polarization parameters of $8433 
į i i j inc PERE 3 SPES 
Core Extended Peak polarized Total polarized Fractional 
: Frequency flux density flux density flux density flux density polarization 
JD ~ 2444000 (MHz) (Jy) (Jy) (Jy) (Jy) (%) 
125-126 4,885 G25 0.16 0.0046 0.0142 0.004 9 
133 4,885 0,34 0.11 0.0076 0,023 + 0.004 21 
215 4,885 0,64 0,24 0.0043 0.019 + 0,003 8 
306 4,885 0.27 0.14 0.0026 0.023 + 0,002 16 
335 4,885 0.32 0.11 0.0043 0.017 + 0,002 16 
411 4,885 0.39 0.11 0.0032 0.017 + 0.002 16 
335 1,465 0.53 0.25 0.0025 0.038 + 0.003 15 
411 1,465 0,83 0.20 0.0025 0.032 + 0.003 16 


inanin aiie Aaa AANA aana ampaian naa aana aaan naaa aaaannamaanmaaaaia riaeaaa 


angle of 88°, (2) low level emission with size scales up to 6 arcs, 
with a full range of position angles between 80° and 120°, and 
(3) a clearly identifiable outer extrusion on the east side with 
position angle near 80°. In the 20 June map there is only the 
central source and extended structure evolved from expansion 
of the structure seen in March and April. 
In Fig. 2 the 4,885-MHz polarization vectors are superim- 
posed on a few total intensity contours. In all cases the polariza- 
“tion of the total flux is of the order of 1% or less, but much higher 
percentages (8-20%) of polarization are seen in the extended 
features of the jets. This is most clearly seen in the later four 
maps in Fig. 3, where the linearly polarized intensity maps are 
shown. In Fig. 3 X shows the location of the central radio 
source coincident with the optical image of $8433, The very 
one-sided linear polarization map for 7 December clearly 
indicates a result supported by succeeding maps—newly 
produced structures of relativistic plasma are highly linearly 
polarized once they are more than a few light days from $8433. 


Because of this, the linear polarized intensity maps are both 
indicators of ordered magnetic field regions, and good indicators 
of the variable ‘jet’ structure of 58433. 

The changes in polarization angles are very striking in Fig. 2. 
Figure 3 shows that in the September and December maps the 
polarization is dominantly one sided. This was during a period of 
heavy flaring activity’’. Between 7 March and 12 June 1980, no 
strong flaring occurred’* but there was an onset of flaring on 13 
June 1980. During this period the polarized emission appears 
decidedly two-sided with respect to the star. On 20 June 1980 
the double structure has become quite extended, but a new 
component has appeared to the west of $8433. The changes in 
polarization can be understood if it is realized that the polariza- 
tion vectors in Fig. 2 reflect the extended structure rather than 
the central radio source, in which the polarization averages out 
to very low levels. In the 7 December 1979 map the polarization 
angle rotates by nearly 90° from the inner side of the ejected 
polarized material to the outer side indicating that the magnetic 





Fig.3 VLA 4,885-MHz linearly polarized intensity maps with contours at 10% levels starting with 90% and peak values in Jy per beam and 


lowest contour levels of: a, 4.6 mJy + 20% 8-9 September 1979; b, 7.6 mJy+30% 16 September 1979; c, 4.3 mJy +20% 7 December 1979: d, 
2.6 mJy +30% 7 March 1980; e, 4.3 mJy + 10% 5 April 1980; f,3.2 mJy + 10% 20 June 1980. The grid of crosses corresponds to 2 arcs intervals. 
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fields are being rotated parallel to the flow of ejected material. 
This follows from the fact’ that in the transparent part of the 
spectrum the polarization of a synchrotron radiation source is 
perpendicular to the magnetic field, and for a uniform source 
with parallel field lines the fractional polarization is (3y +3)/ 
(3y +7), where the electron energy distribution is KE”. As the 
typical spectral index of -0.6 corresponds to an electron energy 
distribution with y = 2.2, fractional polarization of uniform field 
regions would be expected to be 0.71. Considering that the 
observed fractional polarization of the eastern features in the 7 
December, 7 March, 5 April and 20 June maps is 8, 16, 16, and 
16% respectively, there are clearly field inhomogeneities which 
would be expected from the complex geometries involved. In 
the 7 March map, where eastern and western jets have roughly 
the same flux levels, the inner polarization angles of the 
polarized double are roughly 0° (to the north) and are consistent 
with magnetic fields parallel to the inner flow regions. The 
strength of the outer feature to the east in Fig. 3d is too weak to 
consider the apparent rotation of the polarization angle to be 
real. However, the excellent signal-to-noise ratio of the 5 April 
polarization map shows that the polarized double source has 
both expanded and rotated its position angle to ~ —25°. The 
signal-to-noise level of the eastern polarization feature suggests 
that the average magnetic field direction is perpendicular to the 
flow of radiating relativisitic particles. In the polarized source 
map of 20 June the outermost features are the evolved versions 
of the double of the 7 March and 5 April maps with polarization 
angles rotated to —150°. The feature associated with newly 
appearing polarized flux in the 20 June map shows an ejected 


flow at a position angle near 120° and a polarization angle of 
~ —60°,; so again the magnetic field lines are nearly parallel to 
the flow. 

The previous discussion unfortunately assumes negligible 
Faraday rotation between $8433 and the Earth. Before any 
definitive information can be derived from the position angle 
information, multi-frequency observations of S8433 and back- 
ground radio sources must determine the line of sight contribu- 
tion to Faraday rotation. 

Figure 4 shows the total intensity maps, the polarization 
vectors superimposed on a few total intensity contours, and the 
polarized intensity maps for 5 April and 20 June 1980. The 
dominant 1,465-MHz emission is more extended and may have 
a steeper spectrum than the features dominating the 4,885-MHz 
maps. However, the poor resolution of the 20-cm maps pre- 
cludes useful determination of the spectral indices for anything 
except the total source. The polarized intensity maps clearly 
show two strong peaks separated by 2.3 and 3.0 arcs on 5 April 
and 20 June respectively. Because of poorer resolution, all of the 
polarized emission of the western and eastern ‘jets’ is coalesced 
into a simple polarized double source expanding with an 
apparent separation speed of 0.2c. Noting the location of the 
components of the separating double in Fig. 3, most of this 
motion is clearly due to the western component. The linear 
polarization vectors of the western and eastern components of 
the double are nearly perpendicular to each other. As the 
polarization angle for the dominant eastern and western 
components in the 4,885-MHz maps is essentially the same, the 
apparent rotation between western and eastern features in the 





Fig. 4 VLA 1,465-MHz maps in total intensity, linear polarization vectors superimposed on selected total intensity contours, and linearly 
polarized intensity for 5 April 1980 in a, b, and c, respectively, and for 20 June 1980 in d, ¢, and f, respectively. The grid of crosses corresponds to 
5 arcs intervals. Solid, dashed, and solid lines in a and d indicate position angles of 83°, 100°, and 117° respectively. In a the peak is at 0.63 J y per 
beam while in d the peak is at 0.9 Jy per beam. In a and d the contours are at the 95, 80, 65, 50, 35, 20, 15, 10, 7, 5, 4, 3, 2, 1, 0.5, and -0.5% 


level, with d having lower contours at the +0.25% level. In b, c, e, and f the 
intensity contours are at the 90, 80, 70, 60, 50, 40, 30, 20, and -20% 


peak polarization is 2.5 mJy per beam. Inc and f the linearly polarized 
level. X, the location of the central radio source and optical image. 
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1,465-MHz maps may be due to Faraday rotation produced bya 
plasma region around $8433. 

The 15,035-MHz maps corresponding to the entries in 
Table 1 showed a dominant point source at the position of 
$8433, with only marginal signs of extended structure that were 
too close to the noise level to be considered significant. 


Transverse motions of 88433 jet features 


The most obvious indication of transverse motions in the 
extended structure of $S433 is the changing separation of the 
double source in the 1,465-MHz polarized maps. Portions of the 
S-shaped structures can be seen that would be expected from 
ejection of material at different time with different ejected 
position angles. This is most easily traceable in the later four 
maps in Figs 1 and 3. However, it is difficult to identify the 
locations of moving features. Fortunately, the low degree of 
polarization of the dominant central radio source and the rela- 
tively high degree of polarization of the extended structure 
means that the maps of linearly polarized intensity are a good 
means of evaluating the changes of extended structure with 
time. The maps made on 7 December, 7 March, 5 April and 
20 June, 1980 are nearly ideal for tracing the evolution of 
identifiable features. 

Figure 5 shows the linearly polarized emission for 7 Decem- 
ber, 7 March, 5 April and 20 June 1980, with possible 
components identified as A, B, and C on the east side and A’ and 
B’ on the west side. The identification of features and the 
determination of position angles were made solely from the 
20 June 1980 polarized map. The position angles for the A, BB’, 
and C features are 88°+5°, 108°+5°, and 115°+10° respec- 
tively. The vectors for the corresponding features in the 
7 December, 5 April and 7 March maps were drawn preserving 
the 20 June position angles, but shortening the vectors to best 
achieve a match with the earlier polarized intensity maps. 
Table 2 shows the resulting angular distances (ġ) for each 


Fig. 5 Linearly polarized intensity maps 
for: a, 7 December 1979; b, 7 March 
1980; c, 5 April 1980; d, 20 June 1980, 
showing the expansion at constant posi- 
tion angle of components A, B, and C to 
the east and A’ and B’ to the west. Position 
angles and components were determined 
from d and extrapolated inward for c, b 
and a to achieve the best match to the 
observed polarization structure. — 


feature in each map. The uncertainties for the angular dis- 
placements in Table 2 are at least 0.1 arcs, and can be much 
higher when merged or nearly merged features are hard to 
locate. These angular displacements as a function of time are 
linear and their slopes—the proper motion of the features—are 
listed in Table 3. The average proper motion of the features is 
0.0088 arcs per day. 

As the features labelled A, B, and C have the most clearly 
identifiable motion, they can be used to identify when features 
moving at a proper motion of 0.0088 arcs per day would 
coincide with $S433. The results are JD ~2444000 = 139, 217, 
and 297, for A, BB’, and C, respectively. From coincidence of 
probable origin time and position angle, the very weak features 
A and BB’ in the 1980 linear polarization maps are almost 
certainly the remnant of the strong flaring that occurred between 
7 August and 29 December 1979. Weakening of these features 
with time is not surprising as one of the main physical processes 
affecting the relativistic plasma in the $8433 jets is adiabatic 
expansion and energy loss. 

The proper motion of the features is (v/d) sin 6, where v is the 
velocity of the feature, d is the source distance, and @ is the angle 
the feature is moving with respect to the observer. Using the 
ephemeris of Margon et al." 


cos 8 = +[0.34 cos 2r (y + a)+0.167] (1) 


where y = (JD —2433555.6 days)/164.0 days, a =0.330, the 
inclination angle of the system with respect to the sky is 80° and 
the precessing beam angle is 20°. Obtaining @ from the times of 
ejection gives for A, BB’, and C 114°, 90°, and 109°. These 
angles yield a mean proper motion v/d of 0.0088 arcs per day. 
Because little or no slowing down of motion of the features is 
observed, their velocity is probably 0.26c. This results in a 
distance to $8433 of 5.1 kpc. 

It is difficult to explain the individual structure of the polarized 
emission of the ejected features. The A feature is decidely one 
sided. The time of ejection of this feature corresponds to 


106 


Nature Vol. 290 12 March 1981 





North 


JD 4441 89 
PA BAROS 


East 





164 days i 


JD-2444229 


108+5° 


To earth 


LD 2444 290 
PA 115415" 


individual flaring events in the Green Bank data'’. The time of 
the ejection of the BB’ feature corresponds to a period of intense 
complex flaring such that multiple flares were ejected, perhaps 
along the two jets. The C feature is very weak and was ejected 
during a quiescent period. 

The apparent motion of the BB’ features indicates the same 
ejection angles on both sides of $5433, and thus ejection at the 
same epoch is likely. For features ejected simultaneously along 
the two beams, the proper motions of the two features must be 
corrected for time travel effects of special relativity. This effect 
allows the velocity of the jets to be distinguished unam- 
biguously; the value of v/d will then give the distance to 88433, 
Unfortunately, the BB’ ejection occurred at an angle @ close to 
90°, thus negating any time travel effects between the BB’ jets. 


Optical jets and changing radio structure 


The most important fact relating the optical jets of SS433 and 
the changing radio structures with angular size scales of 0.1- 
5 arcs is the coincidence of the +20° cone angle for the apparent 
precession of the optical jets’’ and the 100° + 20° region in which 
features are ejected with different position angles at different 
times. The other important data determined by the VLA maps, 
that should be related to the optical jets, are the fairly well- 
defined position angles of 88°+ 5°, 108°+ 5°, and 115°+ 15° for 
the A, BB’, and C features presumably ejected from the central 
regions of 59433 at JD ~ 2444000 = 139, 217, and 297, respec- 
tively. Figure 6 indicates the location of these position angles on 
one of the possible geometries for the $8433 optical and radio 
jets. The association of the direction of rotation with the eastern 
jetis arbitrary. The western jet is put in the background because 
its features seem to appear suddenly at a distance of 2-3 light 
days from $5433. There is a strong bias for western jets to be 
weaker, and the observed Faraday rotation may indicate the 
presence of an absorbing region near the centre that affects the 
inner western jets more than the inner eastern jets. These 
choices, however, do not affect the important points concerning 
the correlation of radio and optical jets. Assuming the beam to 
precess in 164 days, we note from Fig. 6 that there is reasonable 
consistency between the initial position angles for the A, BB’, 
and C features, their date of ejection, and their relation to a 
164-day period. Based on this geometry, the radio data, and a 
164-day period, the maximum red/blue shift point would be 
predicted to occur on JD2444170 and the maximum blue/red 


Fig. 6 A schematic dia- 
Adiabatically expanding gram of the kinematics of 
flow region of mixed the SS433 system with 
relativistic electrons some parameters as 
and magnetic fields moving determined by Margon’’, 
with speeds 0.26¢ but with the 100° 
apparent mean position 
| angle as determined from 
the radio data and 
identification of fore- 
ground/background loca- 
tion on the basis of the 
strength bias for eastern 
20 jets and the tendency 
for western polarized 
features and western jets 
to appear suddently at 
distances of a few: tenths 
of an arc s from the 
compact radio source. 
The location of the 
identifiable features A, B, 
and C are indicated along 
with the values of position 
angle and JD —2444000 
at the time the observed 
transverse velocities 
would make them co- 

incident with S8433. 


164 days 


shift point would be predicted to occur on JD2444250, with 
uncertainties of the order of 10-20 days. According to Margon’? 
the maximum red/blue shift and blue/red shift points were 
reached on JD2444157 and JD2444239, Considering the 
uncertainties in position angles and average transverse speeds, 
we conclude that the behaviour of the moving features in the 
VLA maps is consistent with an association of optical jets and 
radio jets in the inner regions where the flows producing the 
radio emitting particles originate. Without more detailed track- 
ing of identifiable features, probably with maps made at weekly 
intervals, a better correlation of extended radio jets and optical 
jets cannot be established from VLA data alone. 


Parameters of the 88433 radio source 


When synchrotron radio sources have known distances, sizes, 
flux densities, and observable Faraday rotation, several 
parameters of the radio source can be estimated, albeit in a 
model-dependent manner. We now consider typical values of 
the core radio source and typical values of one of the extended 
jet structures. 

Using a combination of surface integrals over appropriate 
portions of the total intensity and linearly polarized intensity 
maps, the flux densities and polarization characteristics as listed 
in Table 4 can be determined. In Table 4 the core flux density 
was determined from the sum of the clean components found 
before any extended components were subtracted. Thus the 
core sources in Table 4 are located on top of the plateau level of 
the extended structure. The extended flux density was deter- 
mined by the difference between the total integrated flux and the 
core flux density. The fractional polarization was determined by 
the ratio of polarized flux density to extended flux density. 

The best maps of total intensity and polarized intensity are for 
JD — 2444000 = 306, 335, and 411. The fractional polarization 
for the extended structure for these maps is surprisingly close to 
a single value, 16%, for both 1,465 and 4,885 MHz. However, 
as this was a period with relatively little flaring, it is hard to assess 
the significance of this polarization compared with the more 
variable values made with earlier, poorer VLA maps, though the 
8% polarization determined for the 7 December 1979 extended 
structure should be of comparable quality to later results. 

Based on Table 4 we adopt the following values as typical for 
the $3433 central source and an extended lobe defined as one 
half of the extended structure: core source of 0.3Jy at 
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4,885 MHz, with a size of 0.1 arcs (7.5x10'* cm assuming a 
distance of 5.1kpc); and extended lobes of 0.05Jy at 
4,885 MHz, with a size scale of 1 arcs (3x 10°% cm). One may 
calculate the magnetic field (B) and the relativistic electron 
energy (W.) assuming equipartition of energy and magnetic 
fields’*'? which are W, = 1.5 x 10% erg and 3.1 x 10” erg, B = 
0.0077 and 0.0014 G, respectively, for the core source and 
extended lobe. These magnetic fields indicate synchrotron loss 
lifetimes of 10°-10''s. Therefore synchrotron losses cannot 
have a significant role in the evolution of the observed central 
and extended radio emission, 

If we assume that the 90° polarization angle rotation between 
the two lobes of the 20 cm extended emission is due to Faraday 
rotation, we estimate a minimum value of electron concen- 
tration of 3-4 electrons cm™* in regions with the product size and 
magnetic field as derived above. 

The above approximations will have less effect on the results 
than the real changes of parameters due to known changes in the 
radio source, with the possible exception of an erroneous 
assumption that energy in relativistic protons can be neglected in 
the equipartition of energy argument used to determine the 
magnetic field. 


Conclusions 


In addition to highly variable radio emission coincident in 
position with the optical image of $$433, there are highly 
polarized radio jets with size scales 0.1-5 arcs. The extended 
structure that we describe as jets for convenience is confined to 
position angles of 100°+ 20°. Features occurring in this struc- 
ture, particularly in maps of linearly polarized flux, can be traced 
over time periods of 200 days with a proper motion of 
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The highly ordered crystal structure of crambin has been solved at 1.5 A resolution directly from the diffraction data of a 
native crystal ata wavelength remote from the sulphur absorption edge. The molecule has three disulphide bridges among its 
46 amino acid residues, of which 46% are in helices and 17% are in a B-sheet. Crambin is shown to be an amphipathic 
protein, inasmuch as its six charged groups are segregated from hydrophobic surface elements. Phasing methods used here 
will also apply elsewhere. | 





diffraction symmetry might suffice to determine directly the 
atomic structures of crystals containing heavy atoms’. 


Anomalous-scattering methods have also been widely used 


BUVOET’S observation’ that anomalous scattering might 
aid in solving the phase problem has had many implications’, 
including suggestions that departures from Friedel’s law of 
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Table 1 Expected diffraction ratios for potential applications of 
resolved anomalous phasing 


Molecule Np Na (AF (Fa) 
(Fp) (Fp) 

Sulphur-rich proteins: 
Crambin 400 6S 1.4% 29% 
Snake neurotoxin”? 500 8S 1.5% 30% 
Metalloproteins: 
Hi PIP”? 700 4Fe/8S 5.3% 38% 
Haemerythrin’® 1,000n 2nFe 3.0%* 17%* 
Oligonucleotides: 
d(CpGpCpGpCpG)”” 300 110P 1.6% 39% 
Oligopeptides: 
Antamanide*’ 100 100 = 0.5% 37% 
Heavy-atom complexes: 
Myoglobin“? 1,300 1Hg 45% 31% 
Lysozyme* 1,100 1U 8.5% 39% 


Np is the approximate number of non-hydrogen atoms in the total 
molecule and N, is the number of anomalous scatterers. (Omission of 
hydrogen atoms has a negligible effect on these calculations: (Fp) with 
hydrogens is ~1.01(Fp) without hydrogens.) The diffraction ratios are 
estimates for zero scattering angle. In the case of only one kind of 
anomalous scatterer these ratios are (AF)/ (Fp) = 
2NA Afa)/(Np Zea) and = (Fa)/(Fp)=(NA7Z4)/(NP Zen) 
where Zen is the effective atomic number (~6.7 for non-hydrogen 
protein atoms) and Z is Za +Afh. Fp and Fa are structure-factor 
magnitudes of real contributions from the complete molecule and from 
anomalous scatterers only, respectively. Of course, the diffraction ratios 
will vary with scattering angle in the same way as the ratio of thermal and 
scattering factors for the anomalous scatterers to those of the other 
atoms. Except where noted all estimates are for CuKa radiation. 

* At low resolution (for example, 5.5 A) these values are enhanced by 
a factor of 2'/* because the dimeric iron centre is then unresolved. 

t Oxygen anomalous scattering is computed for CrKa radiation. 


in protein crystallography””’, particularly as an adjunct to 


isomorphous-replacement phasing. We have now combined 
elements from these two traditions to solve the structure of 
crambin by exploiting the anomalous scattering of sulphur 
atoms at a single wavelength (1.54 A of CuKa) far removed 
from the absorption edge of sulphur (5.02 A). 

Crambin is a small protein found in the embryonic tissue 
(cotyledons and hypocotyledons) of seeds from Crambe abys- 
Sinica, a relative of mustard and rape commonly known as 
Abyssinian cabbage. It is hydrophobic in that organic solvents 
are required to solubilize it. Van Etten et al.’* characterized 
crambin after noticing that crystals formed during evaporation 
of an aqueous acetone extract of defatted seed meal. The 
remarkable crystalline order observed by Teeter for this protein 
(strong diffraction from spacings <0.88 Å)? correlates well 
with the unprecedented structural stability seen in solution by 
Llinds et al.** using NMR spectroscopy. The function of crambin 
is not known. However, the recently completed chemical 
sequence’ reveals an unmistakable homology with the plant 
toxins purothionin’*® and viscotoxin'’. Crambin itself is not toxic 
when fed to rats’®. 

We set out to solve the crystal structure of crambin in view of 
its exceptional potential for providing detailed structural 
information and in the hope of shedding light on the function of 
this hydrophobic protein, When our efforts to prepare heavy- 
atom derivatives failed, we explored alternatives to iso- 
morphous replacement for phase determination. Our 
experience in using anomalous scattering to locate the iron 
atoms in myohaemerythrin”’ led us to contemplate an attempt 
based on the six sulphur atoms in crambin. An estimate of the 
magnitude of Bijvoet differences to be expected from crambin 
gave a value about half that found with myohaemerythrin and 
showed that sulphur scattering would account for 98% of the 
expected anomalous signal. The expected contribution of the 
sulphur partial structure to the protein diffraction pattern 
proved to be 29% ((|Fs|)/(|Fp|)), or 9% based on |F} ratios. This 
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seemed to provide a plausible, albeit marginal, basis for the 
crystal structure analysis, ; | 

The amino acid sequence determination, begun to aid the 
crystallographic analysis, was about 65% complete when the 
first electron-density maps were obtained. Completion of 
the chemical sequencing was aided by, proceeded alongside 
and helped to verify the structure solution. The sequence, as 
reported elsewhere’”, is shown in Fig. 1. 


Diffraction measurements 


The diffraction data were measured from a single crambin 
crystal, grown and mounted as described before’*, in equili- 
brium with its mother liquor of 60% aqueous ethanol (v/v). This 
crystal had approximate dimensions of 0.2 x 0.50.4 mm and 
gave unit cell parameters of a = 40.96, b = 18.65, c=22.52A 
and 6 = 90.77°. The space group is P2,. X-ray reflections from 
Ni-filtered CuKa radiation were recorded at room temperature 
(22-24 °C) as peak-top œw step-scans on a Picker FACS-1 
diffractometer that is controlled by the Vanderbilt program 
system”’. For spacings greater than 1.5 A, both J, and Ip were 
measured. Care was taken to reduce systematic errors in the 
Bijvoet differences by successively collecting blocks of 25 
reflections at (Ø, x, 20) and then their Friedel counterparts at 
(@, x, -26). After completing the 1.5A data set, +26 
measurements were continued in shells out to 0.95 A spacings. 
At this point the crystal slipped and further measurements were 
abandoned. 

The scans for the 1.5 A data comprised 4-s counts at each of 
seven steps in 0.03° intervals in w and at a single background 
point. Counts were corrected for possible coincidence losses. 
These data were then reduced to integrated intensities using the 
procedure of Hanson et al.*’, which fits gaussian profiles over 
smoothly varying backgrounds. Standard corrections were made 
for Lorentz and polarization factors, absorption?’ and scale”. 
No correction was made for radiation damage. (A monitor 
reflection showed only 3% decay in J after 150h exposure.) 
Residual systematic errors in the Bijvoet differences 


AF = |F,|—|F_1| (1) 


were minimized by applying local scale factors” parameterized 
to be anisotropic. These scale factors, applied to |F_,|, ranged 
from 0.97 to 1.01 and eliminated errors that swamp the signal. 
After scaling, r.m.s. (AF) is 2.3e for acentric data as compared 
with 1.4e for the centric (A07) data where there is no signal. This 
symmetry estimate or error agrees well with that obtained from 
counting statistics and instrumental instability, r.m.s. (Fap) = 
1.6e. Thus, on average the anomalous-scattering signal is about 
1.7e, ((AF)*) ~(okr))'?, which is 2.1% of the r.m.s.(F). 

This work concerns only the 1.5A data. The data from 
beyond 1.5 A have not been processed. 


Sulphur structure 


The first task of the analysis, to locate the sulphur atoms, was 
accomplished by interpreting Patterson maps computed with 
coefficients of (AF)* as suggested by Rossmann. Peaks in such 
maps correspond to inter-atomic vectors between anomalous 
scatterers, However, because the coefficients involve small 
differences, the maps are very sensitive to erroneous measure- 
ments. Hence, differences with |AF| > 5 r.m.s. (AF) were rejec- 
ted as distribution outliers (four reflections) and the more 


Thr - Thr -Cys -Cys - Pro; Ser -lje - Val-Ala-Arg= 

~ Ser - Asn- Phe- Asn- Val; Cys- Arg-Leu-Pro - Gly z 
Thr PFO Ci. at. le A ee Ain- Thee Tur = The 
Thr Ser CY -Ala Leg” YS" Ala - Thr - Tyr - Thri 
-Giy -Cys - He - Ile - Hez Pro-Gly - Ala - Thr - Cys, 
-Pro -Gly - Asp- Tyr - Ala g Asn 


Fig. 1 The amino acid sequence of crambin. Details of the 
sequence analysis are given in ref. 15. 
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Fig. 2 A portion of the electron-density distribution for crambin at three stages in the analysis. Each frame encloses an area bounded by 
0<x<a/2and0<z <c and is a composite of the sections at y = (19-21)6/40. The adjacent, dense spherical features at the lower left are the 
sulphur atoms of Cys 16~Cys 26. The dense spheroid near the centre of each frame is S” of Cys 32. S” of Cys 4 lies just to the right of this and is 
centred above these sections. The ring of Pro 5 is seen in the plane of these sections. All the maps are at 1.5 A resolution. Frame a is part of the 
initial Fourier synthesis from which the structure was interpreted. Coefficients of m(3(|/Fyi + F-n!) exp (iġ)) were used with figures of merit and 
phases determined as follows. Bimodal anomalous distributions for which the partial-structure choice-probability”’ exceeded 0.7 were given the 
phase of the chosen mode and weighted by the intrinsic figure of merit”? (30% of the 5,660 reflections). Phasing for relatively sharp unimodal 
distributions, Mano > 0.4 and Mano” Meombines WaS kept at dang and Mano (8%). For the remaining cases, the centroid phases and weights, 
Meombines Were determined from multiplicatively combined distributions’’. These included the centric zonals (11%) and error rejects (2%), for 
which there was no anomalous phasing, as well as the other general reflections (48%). Partial structure probabilities were computed with Q = 2. 
Overall, 7 =0.55. Frame b is from the first (2Foss ~ Fraich Ocas Map after direct refinement of the initial model to an agreement factor of 
R = 0.322. Frame c is the latest (2 Fora — Fead: Qar Map from the model at R = 0.104. 


error-prone weak data with |F, or |F.,|<Sa- were also 
excluded (127 reflections). Small Bijvoet differences, |AF/< 
1.2 ,4p, were also left out (3,038 reflections) but this had little 
impact on the maps. 

These anomalous-difference Patterson maps were remark- 
ably clean. The first map was computed at 3 A resolution and 
could readily be interpreted as arising from three sites that 
correspond to unresolved disulphide units. When the data to 
L5A spacings were also included, the disulphide Patterson 
peaks became resolved into clusters of peaks from which the 
= six-atom sulphur structure was deduced. 

It is easy to show” '' that for a structure containing relatively 
weak anomalous scatterers all of one kind, for example, sulphur 
in crambin, 


AF = —26 sin (y ~e) (2) 


Here, F exp (id), where F ~ 3(/F,/+/F_,|), is a structure factor 
from the real parts of the scattering and ô exp (iy) is calculated 
from the anomalous scatterers when given the imaginary 
components, Af”, for scattering factors. This relationship, which 
also explains the effectiveness of the (AF)* Patterson synthesis, 
provides a basis for refining the structure of anomalous scat- 
terers and ultimately for phasing the whole structure. As |AF| 
becomes large the sine factor must approach +1 so that [AF] = 
26. Thus, atomic parameters of anomalous scatterers can be 
refined against AF| values if only the largest differences are 
included. This was first done for myohaemerythrin to give a 
quite precise Fe-Fe distance’”. 

Refinement of.the crambin sulphur structure was against a 
data set restricted, by rejection criteria described above, to the 
1,910 strongest from among a total of 5,017 Bijvoet differences. 
The value of Af” for sulphur was taken to be 0.557 (ref. 25). The 
refinement reduced R to 0.33. Disulphide distances, un- 
restrained, in the resulting structure were in good agreement 
with expectation: d = 2.00, 2.02 and 2.04 A with a, = 0.06 A. 


Phase determination from partial-structure 
resolved anomalous scattering 


Phase information from anomalous scattering at a single 
wavelength, like that from a single isomorphous replacement 


experiment, is intrinsically ambiguous. Given an observed AF 
and the values of 6 and y calculated from refined atomic 
parameters, equation (2) can be solved for the desired phase, ¢, 
for the reflection. However, the possible solutions at œ = 
b+a7/2+6, @=cos”' (AF/28), are equally likely. Moreover, 
due to the substantial errors in AF, other phases may also be 
plausible or, quite possibly, a formal solution will be precluded. 
This ambiguity and imprecision in phases can be taken into 
account by using a probability treatment of the kind introduced 
by Blow and Crick**. We have used an error model’’ whereby 
the probability distribution, P,,,.(@), for phase information from 
anomalous scattering is 


Pansol) = N exp {—[AF + 26 sin (Yy - @)P/2E*} (3) 


The standard error, E = (aig + E)Z, is composed of the error 





Fig. 3 A schematic drawing of the backbone of crambin. This 

representation of crambin was drawn by Jane Richardson to be 

faithful to computer drawings of the skeleton. Arrows depict 

B-strands. The disulphides are drawn as ‘lightning flashes’. The 

reader looks down along b; a* runs from left to right and e runs 
from page bottom to page top. 
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in AF and a residual lack-of-closure error, Eo (ref. 27). N isa 
normalization factor. 

The phase ambiguities, +0, must be resolved for the 
anomalous scattering to be of use. If the anomalous scatterers 
are sufficiently heavy, then phases for the total structure, ¢, will 
tend to be close to those for the heavy-atom structure, y. One 
can then simply take the anomalous alternative that is nearer to 
the heavy-atom phase”. However, this process is often not 
valid if, as in the case of crambin, the partial structure of 
anomalous scatterers is not a dominating influence. Thus, we 
have used a probability treatment where the distribution, 
P...(@), for phase information for the sulphur partial structure is 
based on that given by Sim” 


Poar(h) = N’ exp {2Q|Fp||Fs| cos (y - 6) /(FU)} (4) 


Here, (F2) is the expected value of the scattering contribution 
from the unknown part of the structure; |Fp| and |Fs| are the 
structure factor moduli observed for the protein and calculated 
from the sulphur structure, respectively; Q is an arbitrary 
sharpening factor. 

These probability representations were used to combine the 
phase information from anomalous scattering with that from the 








sulphur partial structure and also to compute figures-of-merit, 
m, for weighting the Fourier synthesis. After some experimen- 
tation we settled on a scheme for probabilistic choices”. A 
choice was made if the partial-structure probabilities (equation 
(4)) discriminated well between alternative maxima in the 
anomalous scattering distribution (equation (2)). Sharp uni- 
modal distributions were used directly. Otherwise, P,,.(@) and 
P.a() were multiplicatively combined”. 

There remains one further ambiguity. The sulphur structure 
deduced from Patterson maps could equally well be of either 
hand, Nothing in the anomalous-scattering and partial-structure 
information decides directly between enantiomers, but resulting 
phases will only be sensible when based on the correct choice. 
Independent information is required. Chemical reasonableness 
in a Fourier synthesis seemed to favour one sulphur enantiomer. 
This choice was corroborated by Sayre phase refinements’ on 
both hands. (This ‘refinement’ reduced the residuals to R = 
0.23, but it actually degraded the map.) 


Interpretation of the electron-density map 


A part of the Fourier synthesis in the proper hand is shown in 
Fig. 2a. The most striking density in this map comes from the 


Fig. 4 Stereo drawings of the 
crambin atomic structures. Bonds 
along the main-chain backbone are 
enhanced. The conformational and 
compositional heterogeneity at 
positions 7, 22 and 25 is included. 
Residue numbers are given near 
the C“ positions of Thr 1, Gly 20 
and Gly 42 in each of the views. a, 
View, as in Fig. 3, through the 
thinnest dimension. b, View along e 
with a* running from left to right. 
This is approximately along the 
helical stem and perpendicular to 
the B-sheet (towards the back at 
the right). c, View into a* with c 
running from left to right. This is 
approximately perpendicular to 
the helix axes as seen from the 
B-arm side. These stick figures and 
the surface diagrams (Figs 5 and 6) 
were all drawn using the program 
PLT1 written by G. J. Quigley. 
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known sulphur atoms, but other rathersatomistic features are 
also evident. Yet, the map has quite an uneven quality. In an 
initial survey we correctly identified four side groups (later to be 
Pro 5, Tyr 44, Phe 13 and Asn 14), but peptide linkages to 
adjacent residues were not readily apparent even with know- 
ledge of a tentative sequence for the first 33 residues. However, 
it did prove possible to fit the prominent proline ring (Fig. 2) and 
two sulphur atoms with a model of the unique -Cys 3-—Cys 4- 
Pro 5-peptide, albeit through some weak density. 

The seeming reasonableness of these parts of the map 
encouraged us to attempt a complete interpretation. The fitting 
was made without recourse to graphic sophistication. Rather, we 
simply followed density features contoured on paper 
(5mm A~'), proceeding outward from the disulphide bridges 
while bearing in mind standard stereochemical rules. Putative 
atomic positions were marked on the sheets. Several poly- 
peptide segments evolved and eventually joined up. The last 
connections, residues 18-22 and 37-41, were rather tenuous but 
they did complete the chain. It was a heartening verification of 
the model when helices were finally recognized. Atomic coor- 
dinates were read off the map with the aid of a gridwork overlay. 


Model refinement and revision 


The initial model included 338 non-hydrogen atoms from 
45 amino acid residues and 18 water molecules. This model 
fitted the diffraction pattern with a reliability index R= 
ElFons — Feaicl/ZFons| of 0.43 for the data from spacings between 
5 and 1.5A. Twelve cycles of stereochemically restrained 
refinement” reduced R to 0.32 while imposing moderately 
good geometry as typified by the r.m.s. deviation from bond 
ideality of 0.04 A. Individual isotropic thermal parameters were 
varied but with tight restraints”’. 

Several iterations of map interpretation, model revision and 
continued refinement followed. Inspection of the first (2Fy — Fa 
synthesis (Fig. 2b) and the corresponding (F — F.) difference 
map revealed a number of misplaced atoms, particularly in 
segments 18-22 and 37-41. A model with the polypeptide 
_ backbone revised in these segments then refined toan R of 0.27. 
Repair of side chains (40% were wrongly identified initially in 
the unsequenced C-terminal portion), addition of water mole- 





Fig. 5 Ionic surface of crambin. These surface representations of 
crambin have the following Van der Waals radii: C, 1.7 A; N, 
1.4 Å; O, 1.4A and S, 2.1 A. No hydrogen atoms are included. 
Positively charged groups of atoms are shaded with dotted circles 
and negatively charged groups are shaded with solid circles. a, 
View of the molecule as in Fig. 3 and in Fig. 4a. b, View looking into 
the inner bend of the T from along the helix axes as in Fig. 4b. c, 
View looking into the inner bend perpendicular to the helix axes as 
in Fig. 4c. 





Fig.6 Hydrophobic surface of crambin, The radii used here are 
the same as those in Fig, 5. Atoms designated as hydrophobic here 
only include the side-chain carbon atoms of Ala, Val, Leu, He, Phe 
and Tyr residues, C? and C” of Pro and C”’ of Thr. a, View looking 
into the hydrophilic inner bend, as in Figs 4b and 5b, showing 
hydrophobic residues that line the left-wall and underside surfaces. 
b, View looking into the left-wall surface along a* with c running 
from right to left. Note that the polar side chain of Asn 12 is 
partially covered by the hydrophobic cloak of an ethanol molecule. 


cules to a total of 39, and further refinement brought R down to 
0.17. It then became apparent that some of the supposed water 
sites actually constituted a 46th residue. 

Finally, special attention was paid to solvent regions and to 
side-group assignments. Another ~40 solvent molecules were 
located on inclusion of the 5-10 A shell of data and, after release 
of thermal restraints, residue identifications were completed 
down to the distinctions between N and O needed to assign 
Asp 43 and Asn 46. This took R to 0.12. Side-group assign- 
ments were confirmed at this point by the completed chemical 
sequence analysis. A model was then devised to account for the 
conformational and compositional heterogeneity at three resi- 
due positions. Isotropic refinement of this model (414 atomic 
sites including 72 water and 4 ethanol molecules) against all 
5,638 data in the 10-1.5A shell gave R=0.114 with bond 
ideality of 0.018 A. Anisotropic refinement with restraints*’ 
such that the r.m.s. bond-distance fluctuation was kept to 0.05 A 


when viewed as in Fig. 3. (We describe crambin in terms of a 
model so oriented lying on a table before the reader.) The stem 
of the I is an antiparallel pair of helices and the cross-arm 
consists of two antiparallel 8-strands, an irregular strand and a 
classic 6-turn. The backbone skeleton of crambin (Fig. 3) gives 
an impression that the relatively thin B-arm is only tenuously 
connected to the helical stem. This belies the exceptional degree 
of rigidity in crambin'*. In fact, side chains fill the axillary 
juncture, or inner bend, between the stem and the arm with 
numerous stabilizing salt bridges, hydrogen bonds and other 
contacts (Figs 4,5). The disulphide bridges further fix the 
internal structure of the sub-domains. 

The local conformational parameters of crambin fit remark- 
ably well with accepted principles of secondary structure”. 
Backbone conformation angles are all within allowed regions of 
the (¢, y) plot, although the conformations at three glycine 
residues (20, 31 and 37) would be disallowed for any other 
residue. All the peptide bonds are trans, The present restrained 
model has an r.m.s. deviation of 3.8° from peptide planarity. 
Only the w angles following residues 29-31 and 44-45 deviate 
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from planarity by more than 5°, the greatest deviation being 11°. 
Side-chain conformation angles also lie close to ‘ideal’ values. 
The 43 y angles that are expected to be staggered. have an r.m.s. 
deviation of only 9.5°. Two of the three aromatic residues are 
within 4° of the expected transverse conformation at y2, but 
Tyr 29 has vy. = 55°. The disulphide torsion angles, which are 
also expected to favour +90°, are —79° (3-40), 106° (4-32) and 
~86° (16-26). 

Residues 1-4 and 32-35 produce @-strands linked by four 
hydrogen bonds. The (¢, w) angles in these segments average 
(—121°, 148°). This two-stranded B-sheet has the usual left- 
handed twist when viewed perpendicular to the strands. Resi- 
dues in extended conformations at 39-41 form a third strand 
that is not in the B-sheet. 

Residues 7~19 and 23-30 are in helices. The first 10 residues 
in the upper helix have (¢, w) angles that average (—62°, 42°) and 
only vary by o,=o0,=4°. A disruptive proline at the C- 
terminus of this helix is accommodated by 3,9-helix confor- 
mations at positions 17 and 19. The last residue in the lower 
helix, Thr 30, has a distorted 3,o-like conformation, but other- 
wise this helix is also a -helical. Its (¢, y) angles average (—65°, 
37°) but it is somewhat less regular than the upper a-helix, 
a4 = 6° and a, = 8°. The angle between helix axes is 139°, 

Residues 5-6, 20-22, 31, 36-38 and 42-43 produce the five 
turns in the crambin tertiary fold. Four of these segments 
contain or are immediately preceded by proline residues and 
four include glycines. The first four turns are relatively gradual 
and each is negotiated in a characteristic way. However, the last 
turn is a sharp reversal, with a carbonyl-41 to amide-44 
hydrogen bond. It is a type I B-turn, the most common kind, 
and has (¢, y) angles of (~62°, ~23°)4. > (—90°, ~—2°)43. 

Conformational heterogeneity exists at Ile 7 and He 25 where 
C?! atoms take either of two staggered possibilities. Composi- 
tional heterogeneity also exists at positions 22 and 25. 
Refinement parameters suggest that residue 22 is ~60:40 
Pro/Ser and that residue 25 is ~60:40 Ie/Leu. The hetero- 
geneity at residue 22 apparently causes a disorder in Tyr 29; the 
refined position of its O” makes an impossibly short contact of 
2.6 A with Cê of Pro 22 on a screw-related molecule. 


Amphipathic protein surface 


The surface of crambin has an amphipathic character. The six 
charged groups (1 NH3, 10 Arg’, 17 Arg*, 23 Glu”, 43 Asp“ 
and 46 COO") as well as several other hydrophilic side chains 
are clearly segregated from what otherwise is largely a hydro- 
phobic molecular surface. The surface of crambin can be under- 
stood as comprising three components. The face of the inner 
bend between the helical stem and the B-arm is a sloping surface 
that is almost entirely hydrophilic (Fig. 5). The other two surface 
elements, namely the left wall of the helical stem and the 
underside of the molecule, are primarily hydrophobic (Fig. 6). 
The left-wall surface curves gently around the outer bend while 
the underside surface is relatively flat. 

All but one of the charged groups are clustered on the face of 
the inner bend. Six of the 13 other polar side chains also line or 
rim this surface. These groups are highly interconnected. For 
example, the guanidinium group of Arg 10 makes a salt bridge 
to the terminal carboxyl oxygens of Asn 46, forms hydrogen 
bonds to the hydroxyl and carbonyl oxygens of Thr 2, and 
interacts with the amide oxygen of Asn 14 through a tightly 
bound water molecule. Bridging water molecules also link the 
carboxyl group of Glu 23 to the terminal amino group of Thr 1 
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and the guanidinium group of Arg 17. In the crystal this chain of 
alternating charges continues to the carboxyl group of Asp 43 in 
a molecule related by lattice translation. 

Unlike the inner-bend surface, or the surfaces of water- 
soluble proteins in general, the remainder of crambin is inter- 
spersed with hydrophobic groups. The left-wall surface includes 
eight fully exposed leucine, isoleucine, valine, proline and 
tyrosine side groups and the underside surface contains seven 
such exposed groups. There are also exposed polar side groups 
on these surfaces, but several of these are hydrogen-bonded 
back to the main chain. 

The most extensive packing contacts in the crystal involve 
Van der Waals interactions between juxtaposed left-wall sur- 
faces. There are only four direct intermolecular hydrogen bonds 
in the asymmetric unit, all other lattice interactions being medi- 
ated through water molecules. Although water is excluded from 
the left-wall contacts, it ‘surrounds the remaining available 
surface. Most of the water molecules are associated with the 
hydrophilic inner bend, but elsewhere a number are actually in 
contact with hydrophobic side chains. Surprisingly little of the 
ethanol is bound detectably. Only four ethanol sites with a total 
occupancy of 2.3 have been located, whereas the 72 identified 
water sites have occupancies totalling 52.7. If the solvent space 
(34% of the crystal) had the composition of the mother liquor 
(60% ethanol), we would expect 18 ethanol and 39 water 
molecules per asymmetric unit. 

It is likely that the amphipathic character of the crambin 
surface has significance for the physiological activity of the 
molecule. Unfortunately, the biological role of crambin is 
unknown. 


Prospective applications 


It might seem that anomalous-scattering methods as used here 
would apply solely to special, highly ordered structures like 
crambin. However, estimates of phasing power suggest that 
these methods may have broad applicability. Expected 
diffraction ratios related to anomalous-scattering and partial- 
Structure strengths have been calculated for various crystals of 
known structure (Table 1). Many of these problems give ratios 
that compare favourably with those for crambin and probably 
they too could have been solved from partial-structure resolved 
anomalous scattering. This is true both for structures with native 
anomalous scatterers and for heavy-atom complexes. 

Although Bijvoet differences may be small, with appropriate 
experimental design most systematic errors can be eliminated. 
Moreover, as only a single crystalline species is used, derivatives 
need not be isomorphous. Also, phasing power carries on well to 
high resolution, although high resolution is not a requirement. 
We have recently solved the structure of a trimeric haemerythrin 
at 5.5A resolution using Fe-resolved anomalous phasing 
followed by molecular averaging for phase refinement (J. L. 
Smith and W. A. H., unpublished). The possibility of performing 
multi-wavelength experiments at synchrotrons’’~’ enhances 
the promise for anomalous-scattering applications. 

The crystal structure of crambin should be a good model for 
exploring protein conformations, fluctuations and solvent 
interactions in extraordinary detail. Further diffraction studies 
and toxicity analyses are in progress. 

We thank Jane Richardson for her drawings, Gary Quigley for 
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Regulation of adenovirus-2 gene expression at 
the level of transcriptional 
termination and RNA processing 


Joseph R. Nevins & Michael C. Wilson* 


The Rockefeller University, New York, New York 10021, USA 





The major late adenovirus-2 transcription unit is active early in infection ata rate equal to that of the other early transcription 
units. However, transcripts seem to terminate early in infection near map position 60-70 in contrast to late in infection, when 
termination occurs at map position 99. RNA processing, both poly(A) site selection and splicing, results in the production of 
a single LI mRNA during early infection. All these processes are in contrast to those occurring late in infection, indicating 
that the events of transcriptional termination, poly(A) site selection and splicing can change depending on the conditions of 


the cell and therefore can participate in the regulation of gene expression. 





THE mechanisms that control gene expression in eukaryotic 
cells are clearly of great importance, but these processes are only 
poorly understood. The ultimate result of gene regulation, the 
concentration of functional mRNA in the cytoplasm, could be 
brought about through the control of transcription, RNA 
processing and transport, mRNA cytoplasmic stability, or 
translatability of the mature mRNA. Our aim has been to 
determine at which of these steps regulation of adenovirus gene 
expression occurs. 

Of the eight known transcription units on the adenovirus 
chromosome (see Fig. 1), five function primarily early in 
infection (before DNA replication)’ while at least two, which 
are responsible for mRNAs coding for structural proteins IX 
(refs 3, 4) and [Va2 (ref. 5), become active at intermediate times. 





* Present address: Scripps Clinic and Research Foundation, Depart- 
ment of Cellular and Developmental Immunology, La Jolla, California 
92037, USA. 
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Fig. 1 a, Genomic map locations of the early, inter- Ò 
mediate ([Va2 and IX) and late adenovirus transcription 
units. 5, Map depicting the genomic positions of the 
early mRNAs of regions E2, E3 and E4 and the mRNAs 
of the late 3’-co-terminal families L1, L2 and L3 deriv- 
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The major viral transcription unit active late in infection is 
responsible for the production of mRNAs coding for most of the 
structural polypeptides of the virus*®®. The initiation site and 
probably the promoter for this transcription unit, located at map 
coordinate 16.45 (ref. 9), directs transcription in the rightward 
direction with termination very near the end of the genome”, 
The mRNAs produced from the late transcription unit are 
arranged into five families of RNAs, L1-—L5, the RNAs within a 
family being 3’ co-terminal'’'*, Expression of the late tran- 
scription unit involves selection of a particular poly(A) site (3’ 
end) among the five possible sites followed by splicing of the 
tripartite leader sequences to produce one of the mRNAs of the 
given mRNA family’’. 

Although it has long been believed that the expression of the 
major late transcription unit occurs only after DNA replication, 
we now show that the late transcription unit is in fact transcribed 
early in infection but that it is regulated at the point of tran- 
scriptional termination in such a way that early in infection only 


LATE 
g3 
Sy 


Li L2 L3 
aa | E3 
SEDED å S D C3 
t B ERE ee T (1 FE oaaasanan 
ttre erenemenemnemenpmsmemnnnngennetnsuerteryeentertrempaeitetirm 
20 40 60 & 190 
Cc G ü Pd e 
c— 8 g £a 
E2 





0028-0836/81/110113—-06$01.90 


© 1981 Macmillan Journals Ltd 


114 
kad 
a 
a o,11.6-18.2] 
100 ra daz + 
g 
Ñ ‘ [0,0-4.4] 
50 ss c 
[o18.8-29.]] 
E 
= á 
2 
5 & 
n2 a 
" [fe 629. -65.6} 
a 
5 


K x 107-2 


fay 
[a,31.5-37.3] 


[4,41.0-50.j] 
0 15 30 45 60 0 15 30 45 60 


UV dose (s) 





Genome map position 


| S ONNO PES ee S S O SO E 
00433 69 11.0 4.0 0.90 


kb 


Fig. 2 Sensitivity of early adenovirus RNA synthesis to UV-ray 
irradiation. a, b, At 5 h post-infection, HeLa cells which had been 
maintained in the presence of 25 ug ml” of cytosine arabinoside 
were concentrated to 2 x 10° cells per ml. Samples of 2x10’ cells 
were UV-ray irradiated for the indicated times’® and 20 min later 
were labelled for 5 min with *H-uridine. The nuclear RNA was 
purified and hybridized to filters containing the various DNA 
fragments prepared as follows: adenovirus-2 DNA restriction 
fragments of coordinates 0-4.4 (Hpa E), 62.9-65.6 (Bal K), 70.7- 
75.9 (Eco F), 83.4-89.7 (Eco E) and 89.7-100 (Eco C) were 


inserted into the Pst site of pBR322 and propagated in E. coli 


HBi01. Clones of the HindIII I and D fragments were gifts of Dr 
M. Mathews. A clone of the Sma F fragment was a gift of Dr R. 
Roeder. Ail procedures for growth of bacteria and handling of 
recombinant DNAs were in accordance with the NIH Guidelines 
for Recombinant DNA Research. Plasmid DNAs were purified 
according to the procedure of Clewell and Helsinki??. Other DNA 
fragments were prepared by digestion of viral DNA”. In each case, 
the RNAs were partially broken with alkali before hybridization”’. 

Therefore, any problem arising from possible symmetrical tran- 
scription would be eliminated due to denaturation of RNA-RNA 
duplexes. Such duplexes would then be unlikely to re-anneal due to 
the vast DNA excess in the hybridizations. Hybridized c.p.m. in the 
control samples (no UV) were: 454 (0-4.4); 879 (11.6-18.2); 
3,330 (18.8-29.1}; 1,582 (31.5-37.3); 1,776 (41.0-50.1); 549 
(62.9-65.6); 1,534 (70.7-75.9); 351 (83.4~-89.7); 747 (89.7-100). 
c, The slopes (K value) of the UV inactivation curves were 
calculated and plotted as a function of genomic map position of the 
DNA fragment. K=(In Ro/R)/d where Rpo=rate of RNA 
synthesis in the control and R = rates of RNA synthesis at dose d 

(ref. 19). 





Nature Vol. 290 12 March 1981 


the first half is transcribed. We also find that RNA processing, 
both 3'-end selection (poly(A) site) and 5’-end selection (splic- 
ing), is different early and late in infection, which suggests that 
the regulation of gene expression can in fact be mediated at least 
in part through RNA processing. 


Early transcription of late sequences 


Recent reports that sequences corresponding to late RNA can 
be detected during early infection'*”* have thrown little light on 
their relative frequency or the extent of transcription. Accord- 
ingly, we have used the technique of UV-ray irradiation tran- 
scription mapping to investigate the early transcription of 
various regions of the adenovirus-2 genome. The principle is 
that the transcriptional effectiveness of a sequence in an irradi- 
ated DNA template decreases exponentially with increasing 
distance from the promoter’’. The transcriptional activity of the 
various parts of the genome can be measured by hybridizing the 
RNA labelled during 5-min pulses of *H-uridine with DNA 
fragments corresponding to defined sections of the genome. 
HeLa cells early in infection (Sh post-infection in the 
presence of cytosine arabinoside to prevent viral DNA repli- 
cation) were treated with various doses of UV rays and then with 
3H-uridine. The labelled nuclear RNA was hybridized to a 
variety of DNA fragments from the adenovirus genome (Fig. 
2a,b). Figure 2a presents the results for sequences between 11 
and 50 map units and Fig. 26 those for sequences to the right of 
62 map units. The data obtained were plotted to compare the 
sensitivity to UV-ray inactivation of the various sequences (the 
slopes of the UV-ray inactivation curves) as a function of their 
position in the genome (Fig. 2c). Region E2 is represented by 
the DNA fragments at 62.6~65.9 map units, and 70.7-75.9 map 


Table 1 Extent of rightward transcription during early infection 


c.p.m. per 
Map Hybridized kilobases of 
Expt DNA coordinates c.p.m. hybrid 
1* Smal 36.7-40.5 883 645 
Kpn I 39.6-42.7 495 442 
Kpn H 42.7-47.4 50 920 
Sma H 52.6-56.9 1,120 723 
2* Sma B/Bam B 18.8-29.1 982 265 
Sma A/Eco A $6.9-58.5 149 266 
(rightward) 
Sma A/Eco A 56.9-58.5 182 325 
(leftward) 
Eco F 70.7-75.9 850 538 
37 Smal 36.7-40.5 405 337 
Sma H $2.6-56.9 553 357 
Bal K (rightward) 62.9-65.6 69 138 
Bal K (leftward) 62.9-65.6 169 338 
Eco F 70.7-75,9 489 309 


At the appropriate time post-infection cells were concentrated to 
1x 10’ cells per ml in fresh, warm minimal essential medium. *H-uridine 
was added at 200 pCi mi~? and then incorporation of label was halted by 
pouring the cells on to crushed frozen phosphate-buffered saline. 
Nuclear RNAs were then extracted as described previously’. The 
nuclear RNA was hybridized to the various DNA fragments immobil- 
ized on nitrocellulose filters'*. The source of the DNAs were described 
in Fig. 2 legend. To determine relative rates of transcription, each value 
for hybridized c.p.m. was corrected for the size of the hybrid (the size of 
the DNA fragment). One map unit was assumed to represent 350 
nucleotides. The exception is the Bal K fragment, which represents 2.7 
map units or 0.97 kilobases. The DNA used in this work was a clone of 
Bal K in which only 0.5 kilobases of the fragment was obtained in the 
cloned plasmid. 

* At Sh post- -infection, a sample of 2x10’ cells which had been 
maintained in cytosine arabinoside (25 ug ml ') was concentrated to 
1x10’ cells per ml and labelled with ’H-uridine (200 pCi ml’) for 
5 min. Nuclear RNA was prepared and hybridized to the various DNA 
fragments. 

+ Same as in a except that cells were labelled at 3.5 h post-infection. 
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Fig. 3 Kinetics of accumulation of *H-uridine into cytoplasmic 
poly(A)” RNA hybridizing to early region 2 DNA (left panel) and 
to L1, L2 and L3 DNAs (right panel). At 5 h post-infection, cells 
which had been maintained in the presence of 25 ig mil - of 
cycloheximide were concentrated to 4x 10° cells per ml. *H- 
uridine was added (200 „Ci ml D and samples of 5 x 10’ cells were 
taken at the indicated times. Cytoplasmic RNA was purified from 
each sample*”*', selected on poly(U)-Sepharose* and hybridized 
to the appropriate DNA fragments immobilized on nitrocellulose 
filters'*, E2 (Bal K, 62.9-65.6), L1 (HindIII I, 31.5~-37.3), L2 
(HindIII D, 41.0-50.1), L3 (Sma H, 52.6-56.9}. 
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yielding a K value in Fig. 2 of ~21. Rather, the value of 0.6 
which was obtained suggests a very small UV target size, fully 
consistent with the hypothesis that all this transcription is 
derived from the early region 3 promoter. This argument can be 
made because in this experiment the rate of transcription of the 
late sequences between map coordinates 18 and 50 was approx- 
imately four times that of the 83.4-—89.7 region. Thus, even a 
very small amount of readthrough from the late region into the 
region of 83.4-89.7 would have greatly increased the UV-ray 
sensitivity. In addition, transcription in the rightward direction 
of the sequences between 70.7 and 75.9 map units originating at 
or near the promoter at coordinate 16 would have a UV target 
size of 20 kilobases, yielding a K value in Fig. 2 of ~16; thus, as 
transcription of the late region was proceeding at a rate equal to 
that of early region 2 in this particular experiment, transcription 
of 70.7—-75.9 DNA sequences in both the rightward and leftward 
directions would yield an average K value of close to 8, which 
clearly was not the case. This suggests that transcription in the 
rightward direction terminated somewhere between 50.1 and 
70.7 map units before reaching the 70-75 region. To define this 
site more accurately, pulse-labelled nuclear RNA was hybrid- 
ized to separated strands of the Eco A/Sma A fragment (map 
coordinates 56.9-58.5) and the Bal K fragment (map coor- 
dinates 62.9-65.6, Table 1). The leftward-reading strand of 
each fragment detects early region 2 transcription’; tran- 
scription of each of these was approximately equimolar to that of 
the Eco F fragment (70.7-75.9). The rightward-reading strand 
of the Sma A/Eco A fragment also hybridized pulse-labelled 
nuclear RNA; the hybridized radioactivity, when compared 
with that for fragments to the left, indicated transcription to be 
equimolar from 16.45 through the 56.9~58.5 region. In a 
separate experiment, the rightward-reading strand of the Bal K 
fragment also hybridized labelled nuclear RNA but only about 
40% of that which hybridized to the leftward-reading strand of 
the Bal K fragment. Because transcription of the Sma I (36.7- 
40.5), Sma H (52.6-56.9), Eco F (70.7-75.9) and leftward 
Bal K (62.9-65.6) fragments all appeared to be equimolar, it is 
possible that transcription in the rightward direction terminates 


units with the curve originating at the region of greatest resis- 
tance to UV-ray irradiation, the promoter at coordinate 75. 
Transcription of the other regions of the genome containing 
early transcription units (regions 1A, 3 and 4) was also found to 
be very resistant to UV-ray inactivation as expected considering 
the proximity of these particular sequences to their promoters. 
The transcription detected between map positions 16 and 50 
apparently derives from the region of map position 16. Note that 
the slope of this curve is opposite to that of the early region 2 
curve, indicating transcription proceeding in the opposite direc- 
tion. These results therefore indicate that the region between 16 
and 50 map units is transcribed as a single unit, reading in the 
rightward direction and originating near map position 16. 
Fingerprint analysis of RNA made early in infection and specific 
to the 16-18 region indicated that the major late promoter was 
indeed active”’. Furthermore, the RNA detected by electron 
microscopy during early infection both in the cytoplasm’ and in 
the nucleus’’ possessed a 5’ terminus which mapped to genome 
coordinate 16. It is therefore likely that the same promoter at 
map position 16.45 which directs transcription during late 
infection is responsible for the synthesis of RNA which we have 
detected during early infection. In addition, comparison of the 
hybridized c.p.m. in the control samples (no UV) of Fig. 2 for the 
various regions of the genome indicates that the late sequences 
are transcribed at a rate equal to that of any of the early 
transcription units, a result also obtained by Shaw and Ziff”. 

As shown in the experiment in Fig. 2, transcription in the 
rightward direction originating at the late promoter at map 
position 16 does not extend to map position 70 and beyond. For 
example, transcription of the 83.4-89.7 region originating at 
map unit 16.45 would have a UV target size of 25 kilobases, 
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` Fig. 4 Kinetics of accumulation of *H-uridine into nuclear 


poly(A)* RNA hybridizing to early region 2 DNA (left panel) and 
to L1, L2 and L3 DNAs (right panel). Nuclear RNA was prepared 
from the experiment described in Fig. 3 legend, selected on 
poly(U)~Sepharose and hybridized to the same DNA probes 
described in Fig. 3 legend. The cytoplasmic RNA accumulation 
curves (---~) from Fig. 3 have been plotted for comparison. 
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Table 2 Rates of accumulation of cytoplasmic and nuclear poly(A)” 
RNAs 


Cytoplasmic rate Nuclear rate 


(c.p.m. per (c.p.m. per 
DNA kilobase kilobase Fraction 
region per min) per min) transported* 
E2 980 800 1.23 
Ll 69 T9 0.92 
E2 10 39 0.26 
L3 10 32 0.31 





Cytoplasmic rate was determined from the data presented in Fig. 3, 
and the nuclear rate from the data presented in Fig. 4, in each case using 
the linear portion of the curves. 

* Cytoplasmic rate/nuclear rate. 


within the Bal K fragment if, in fact, a single termination site 
exists. However, it is clear that transcription termination 
prevents expression of at least the final 10 kilobases (map units 
70-99) of the late transcription unit during early infection. This 
is in sharp contrast to the situation late in infection when 
termination occurs near the end of the genome'®™*5, 


Formation of cytoplasmic mRNA 


We measured the rate of accumulation of the first three mRNA 
families which are included in the first half of the major late 
transcription unit (see Fig. 1). Infected cells maintained in the 
presence of cycloheximide were labelled continuously with °H- 
uridine from 5h post-infection. Samples were taken after 
various times of labelling, and cytoplasmic poly(A)” RNA was 
prepared and hybridized to DNA probes representing the first 
three late mRNA families and to a probe for early region 2 asa 
comparison (Fig. 3). RNA specific to each of these late mRNA 
families was found accumulating in the cytoplasm although 
more slowly than that from early region 2. The rates of accumu- 
lation were determined for each of the regions using the data 
presented in Fig. 3 normalized to take into account the sizes of 
the various DNA probes (Table 2). The L1 family accounted for 
~80% of the late RNA accumulating in the cytoplasm during 
early infection and was about 7% of the rate of the early region 2 
mRNA. However, in this particular experiment the rate of 
transcription of the E2 sequences, as measured in a 10-min 
°H-uridine labelling test, was 2.8 times that of the L1 sequences. 
Thus, after correcting the cytoplasmic accumulation rates for 
this transcription discrepancy, the L1 mRNA accumulation was 
20% the rate of the early region 2. However, even with the 
correction for relative transcription rates, L2 and L3 mRNA 
production was well below that of early region 2 (~3%). 


Processing of the nuclear RNAs 


The preponderance of L1 RNA sequences in the cytoplasm 
during early infection (a result also seen by others using both 
electron microscopy’® or pulse-labelling”’) despite equimolar 
transcription of each of the first three families (see Table 1) 
implies a post-transcriptional regulation event: either a bias in 
poly(A) site selection favouring the L1 site or a failure to 
transport polyadenylated L2 and L3 RNAs to the cytoplasm. 
This question was analysed by comparing the rates of formation 
of nuclear and cytoplasmic poly(A)-containing RNAs. The 
experiment shown in Fig. 3 was also the source for nuclear 
poly(A)" RNA which was hybridized to DNA probes for the L1, 
L2 and L3 regions and to a probe for early region 2 (Fig. 4). 
Clearly, as indicated by the equivalent slopes of the two curves, 
the early region 2 nuclear poly(A)" RNA was fully converted 
into cytoplasmic RNA. That is, the rate of accumulation of early 
region 2 poly(A)-containing nuclear RNA is paralleled closely 


in time by an equal rate of accumulation of the sequences in the 
cytoplasm. An inspection of the accumulation curves of nuclear 
and cytoplasmic poly(A)-containing RNAs specific to regions 
L1, L2 and L3 suggested a nearly total conservation of the Li 
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Fig. 5 Nuclear and cytoplasmic RNAs from early infection 
detected with L1- and L2-specific probes. Nuclear and cytoplasmic 
RNA was prepared from cells at 5h post-infection which had been 
maintained in cycloheximide (25 ug ml” t), Poly(A)* nuclear and 
cytoplasmic RNAs and the poly(A)” nuclear RNA were denatured 
by heating to 65 °C for 5 min in 50% formamide, 1.1 M formalde- 
hyde and 1x RB (20 mM MOPS pH 7.0, 5 mM Na acetate, 1 mM 
EDTA). After addition of bromophenol blue and glycerol, the 
samples were loaded on to a 1.5% agarose gel containing 1x RB 
anc 1.1 M formaldehyde. Electrophoresis was at 50 V for about 
10 h. The gel was soaked in 20x SSC for 60 min and then blotted to 
a nitrocellulose sheet (Schleicher & Schuell BA85) according to the 
method of Southern’’**, The RNAs were detected by hybridiza- 
tion with °P HindIII IDNA (L1) or HindIII D DNA (L2). Plasmid 
DNAs were | labelled by nick-translation to a specific activity of 
0. 5- z1. 0x 10° c.p.m. per wg essentially by the procedure of Rigby et 
al.”’. The nitrocellulose sheets were prehybridized overnight in 
0.75 M NaCl, 50mM_ TESS pH? 7.0, 50mM EDTA, 50% 
formamide, 5x Denhardt’s solution*® and 100 pg ml7! denatured 
salmon sperm DNA at 45 °C. Hybridization was carried out in the 
same conditions for 15-20h but with 1x Denhardt's solution, 

100 ug ml! salmon sperm DNA and ~1-5 x 10% c. p.m. ml7’ P 
DNA. After hybridization, the filters were washed successively 
with hybridization buffer at 45°C and a final wash with 50% 
formamide, 10 mM Tris pH 7.4 and 10mM EDTA at 45°C for 
30 min. The sheets were exposed to preflashed Cronex X-ray film 
with an intensifying screen for 20-60 h at —70 °C, kb, Kilobases. 
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Fig. 6 Comparison of L1-specific 

RNA species produced early and a 
late in infection. a, Poly(A)” cyto- 
plasmic RNA was prepared from 
cells at Sh post-infection (in the 
presence of cycloheximide) (E) and 
15 h post-infection in the absence of 
drug (L). The samples were de- 
natured, fractionated in a 1.2% 
agarose~formaldehyde gel, blotted 
to nitrocellulose and hybridized with 
**p.labelled HindIII] DNA (L1- 
specific) as described in Fig. § 
legend. b, Cells at 5 h post-infection 
(in the presence of cycloheximide) 
were labelled with *H-uridine 
(200 uCi mI™') for 45 min; cells at 
15h post-infection were labelled 
with °P for 60min. Poly(A)* 
cyctoplasmic RNA was prepared 
from each, mixed together and frac- 
tionated in a 2.2% acrylamide—0.5% 
agarose gel”, After electrophoresis, 
the gel was divided into 2-mm slices, 
RNA was eluted and then hybridized 
to filters bearing the Sma I fragment 
{map coordinates 36,7-40.5), Upper 
panel (O), °*P late mRNA; lower 
panel (@), °H early mRNA. kb, 

Kilobases. 
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RNA but a less than complete nuclear to cytoplasmic transport 
of the L2 and L3 species. Once again, the data were used to 
determine rates of accumulation for comparison (Table 2). 
Whereas the L1 sequences accumulated in the cytoplasm at a 
six- to sevenfold higher rate than for the L2 and L3 sequences, 
the rates of accumulation in the nucleus for the three regions 
were within a factor of about two. Thus, the higher rate of 
_ appearance of L1 mRNA sequences in the cytoplasm is due 
to two factors: a bias in the selection of the L1 poly(A) site 
and a failure to transport all polyadenylated L2 and L3 
sequences. 


Differential splicing of L1 sequences 
during early and late infection 


Nuclear and cytoplasmic RNA was prepared from cells at 5h 
post-infection (in the presence of cycloheximide from the time 
of infection). The nuclear poly(A) and poly(A) RNA and 
cytoplasmic poly(A)” RNA were electrophoresed in an 
agarose-formaldehyde gel, transferred to nitrocellulose and 
analysed by hybridization to a **P nick-translated DNA probe 
specific for the L1 region (Fig. 5). For comparison, L2-specific 
RNA was also hybridized with a **P-labelled Hind D probe. 
Both the probes detected nuclear RNA; the poly(A)” RNAs 
detected with each probe were mostly less than about 500 
nuclectides long, and were presumably breakdown products. 
Discrete poly(A)” nuclear RNAs were detected. In addition, a 
discrete species of poly(A)” cytoplasmic RNA, 4.0 kilobases 
long, was detected with the Li probe and two species of cyto- 
plasmic RNA, 5.8 and 3.3 kilobases, were detected with the 
L2-specific probe. However, the L2 cytoplasmic RNA was 
present in very low abundance compared with the L1-specific 
RNA, in agreement with the data presented in Fig. 3 and Table 
2. The cytoplasmic L1-specific poly(A)" RNA also appeared to 
be more abundant at steady state than the nuclear poly(A)” L1 
RNA, whereas the reverse was true for the L2-specific nuclear 
and cytoplasmic RNAs. This is consistent with the kinetic 
analysis result that not all the L2 poly(A)-containing nuclear 
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RNA is transported to the cytoplasm (see Fig. 4, Table 2). 
Because of the very low abundance of the L2 RNAs we have not 
characterized them further. 

The finding that only one species of RNA seemed to be 
formed from the L1 region during early infection was of interest 
because it contrasted with the situation late in infection where 
multiple RNAs are formed from this region'’'*'*. For a direct 
comparison, poly(A)” mRNA was prepared from late infected 
cells and from cells at 5h post-infection in the presence of 
cycloheximide, These two samples were then fractionated in an 
agarose~formaldehyde gel, transferred to nitrocellulose and 
hybridized with **P-HindIIII DNA (map coordinates 31.5- 
37.3) (Fig. 6a). Two major species of late RNA (3.8 and 2.3 
kilobases) and two minor species (5.6 and 4.3 kilobases) were 
detected with the L1 probe. It is possible that the larger of the 
minor species represents leakage of a precursor molecule from 
the nucleus. Clearly, however, only one species was detected in 
the RNA prepared from early infected cells. This RNA was 
again 4.0 kilobases long and thus did not correspond to any of 
the RNAs from the late preparation although it may represent 
the 3.8-kilobase late RNA with an additional leader segment 
derived from map position 22 as reported by Chow et al.’*. 
Regardless of the actual structure of this RNA, it is clear that 
the 2.3-kilobase species formed at late times of infection 
is not produced from the same sequences of DNA early in 
infection, 

However, because this experiment examined only the steady- 
state population of RNA, we could not say whether the 
difference was due to differential splicing or differential stability. 
That is, it was possible that the 2.3-kilobase L1 mRNA was 
actually formed early in infection but was either not transported 
to the cytoplasm or was rapidly degraded on reaching the 
cytoplasm. A failure to transport a properly spliced 2.3-kilobase 
RNA seems not to be the case because we could not detect this 
species in the nuclear poly(A)” RNA (Fig. 5) whereas late in 
infection the 2.3-kilobase RNA could be detected in the nucleus 
(data not shown). The possibility of rapid cytoplasmic turnover 
of 2.3-kilobase RNA seemed unlikely as the accumulation data 
of Fig. 3 gave no indication of instability of the total L1 
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sequences during 100 min of labelling. Rapid turnover of one 
half of the L1 mRNA (the 2.3-kilobase species) should have 
been reflected in the cytoplasmic accumulation curve. However, 
to answer this question directly, RNA was labelled with °H- 
uridine for 40 min at 5h post-infection. The poly(A)” cyto- 
plasmic RNA was mixed with a sample of ”P late RNA, 
fractionated in an acrylamide—agarose gel and hybridized with 
an Ll-specific probe (Fig. 6b). Once again, it was clear that both 
a 3.8- and a 2.3-kilobase species were formed late in infection. 
The additional higher molecular weight RNA species detected 
in this gel represent the minor L1 RNA (Fig. 6a) and the largest 
RNA of the L2 group because the probe used for this hybridiza- 
tion extends to map position 40.5 (see ref. 12). The pulse- 
labelled RNA from early-infected cells, however, only 
contained the 4.0-kilobase species, in agreement with the 
analysis of steady-state RNA. The clear result both from the 
pulse-labelled sample and from the steady-state preparations is 
the absence of the 2.3-kilobase L1 RNA during early infection. 
Therefore, we conclude that the reason for the qualitative 
change in L1 RNAs during early and late infection is probably a 
change in processing at the level of RNA splicing. 


Discussion 


These results allow us to draw several new conclusions concern- 
ing adenovirus gene expression and its regulation. First, the late 
transcription unit is not under negative control during early 
infection. Although the rate of transcription of the late tran- 
scription unit during early infection is much less than that during 
late infection, it is still equal to the rate of any of the other early 
transcription units. Termination of transcription, rather than 
initiation, may be considered to be a controlling factor in the 
expression of the late transcription unit during the early phase of 
infection. Before DNA replication the late transcription unit 
seems to be active but only to produce RNA corresponding to 
sequences from the L1, L2 and L3 late mRNA families. 
Termination of transcription prevents the expression of the 
remainder of the transcription unit; the mechanism for this 
event early in infection is not clear although it is noteworthy that 
transcription proceeds from the late promoter approximately as 
far as the early region 2 transcription unit. It is possible that the 
opposing transcription of early region 2 prevents further tran- 
scription in the rightward direction and results in termination. 
This block would then be alleviated late in infection after the 
synthesis of new viral templates and when early region 2 tran- 
scription had been shut off**’°. Alternatively, the termination 
of transcription in the middle of the genome during early 
infection or the prevention of this termination late in infection 
(antitermination) could be an event mediated by a specific 
factor. 

Second, processing in the nucleus of the primary transcripts 
from the late sequences favours the L1 mRNA region. This is in 
contrast to the situation during late infection, when the L1 
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sequences are produced in lowest amounts of the five groups of 
late mRNAs**. For instance, during early infection the ratio of 
L1 to L2 sequence selection in the nucleus is 2:1; however, 
during late infection the ratio is 1:2. Thus, the process which 
governs the selection of 3’ ends seems to vary according to the 
conditions of the cell. This finding is also significant in relation to 
the mechanism by which the poly(A) sites are selected. The 
finding that the selection of a poly(A) site seems to be change- 
able implies that the specificity does not reside in the DNA 
sequence, but rather, that a factor, specific for a given poly(A) 
site, is responsible for the selection. A change in the concen- 
tration of the factor, as a function of time of infection, would 
then result in changes in the frequency of selection of the 
possible sites. | 

Are the processes involved in regulating poly(A) site selection 
of any importance to the eukaryotic cell? Clearly, such an event 
could only be valuable to those transcriptional units possessing 
multiple poly(A) sites. It has recently been shown that the 
transcription unit for the secreted and membrane-bound IgM 
heavy chains contains two separate poly(A) addition sites**”’. 
The basis for selection between those two gene products 
apparently resides at the choice of the 3’ end of the mRNA and 
could be regulated in their expression by either a termination— 
anti-termination mechanism or by a changing selection of one of 
the two sites, as discussed above. 

Finally, our results concerning the species of L1 RNAs 
produced early and late in infection demonstrate that process- 
ing, apparently at the level of RNA splicing, can be altered to 
allow different RNAs to be produced from the same DNA 
sequence. These results thus indicate that the splicing 
mechanism changes depending on the environment of the cell 
(in this case early or late in infection) and therefore can parti- 
cipate in the regulation of gene expression. The nature of the 
change causing differential splicing is unknown, but clearly 
involves some difference between an early-infected and a late- 
infected cell. Recently, there has been much interest in the 
possible role of the small nuclear RNAs in the splicing of cellular 
hnRNA”°*’, The adenovirus VA RNAs have been postulated to 
perform a role in splicing of the late viral RNAs in a manner 
analogous to that proposed for the cellular small nuclear 
RNA“, If this were true, it may be that early in infection the L1 
RNAs are processed utilizing the cellular small nuclear RNA 
rather than VA RNA. Once VA RNA is formed, the pattern 
then changes to the set of RNAs observed late in infection. Of 
course, it is equally possible that a viral protein is required for 
the splicing reaction which produces the late set of LI mRNAs. 
Regardless of the exact nature of the mechanism, it seems clear 
that a system is available to probe such a question. 
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The AM Herculis-type of dwarf novae have emerged as a new 
class of cataclysmic variables. They are characterized by fairly 
steady accretion from a late-type primary on to a strongly 
magnetized white dwarf. The progenitor of this group, AM 
Herculis, shows strong optical polarization’ and prominent 
emission lines in both the optical’ and the UV’. It is also a hard 
X-ray*~ and an IR source’. Two other X-ray sources, 2A0311- 
227 (ref. 7) and 2A058526 — 328 (ref. 8), have recently been 
suggested as members of the AM Her class on the strength of 
their similar optical spectra. To compare these objects with AM 
Her and to extend investigations of this new class of dwarf novae 
the International Ultraviolet Explorer (TUE) satellite was used 
to obtain their UV spectra and to search for any changes with the 
binary motion. We show here that the results confirm the 
identification of 240311 — 227 with the AM Her class, but not 
2A0526—328 which seems to exhibit a UV spectrum more 
consistent with an SS Cygni type object. Changes in the emission 
lines’ intensities of at least a factor of two were observed as a 
function of the binary phase. 7 >. g 

The IUE observatory’ has long wavelength (1,900-3,200 A) 
and short wavelength (1,100-1,900 A) cameras and two resolu- 
tion modes (10 and 0.2 A), The images obtained in this obser- 
vation were taken during an 8-h period starting at 20.00 UT on 
24 July 1980 and were all at low resolution and with the large 
aperture (Table 1). At the time of the observations 240526 — 
328 was fainter than B= 14.5, while 2A0311-~227 was at 
B= 14.2, The emission lines were well exposed on both sources 
and the continua satisfactorily so at least in the case of 2A0526 — 
328. There was, however, some contamination of the long 
wavelength spectrum of 2A0526 — 328 at A > 2,900 A probably 
arising from scattered Earth light. 

Figure 1a shows one of the two short wavelength spectra of 
2A0311-277. This source has a binary period of 81 min and the 
data in Fig. 1a were integrated over binary phases 0.6 to 0.1 with 
phase 0.0 corresponding to maximum light’®. The more prom- 
inent line features have been identified and are seen sitting on a 
fairly flat continuum. This spectrum is very similar to that seen” 
from AM Her with all of the spectral lines being common. In 
general, the UV emission is 5—10 times weaker than in AM Her, 
which could be partially due to different source distances. The 
second short wavelength spectrum taken about an hour later 
over binary phases 0.1 to 0.6 shows the emission lines to be 
about 40% brighter during this half of the binary cycle. There is 
no evident change in the level of the continuum, but these 
images are not well-enough exposed to be too positive about this 
aspect. The overall shape of the continuum is consistent with a 
Rayleigh—Jeans F,av’ law similar to that found by Raymond et 
al. from AM Her. The long wavelength images are almost 
featureless with no evidence for the inerstellar feature at 
2,200 A, indicating that the source distance is <500 pc. 

In contrast, the short wavelength spectrum of 240526 — 328 
(Fig. 15) shows a considerably brighter UV continuum although 
it is fainter than 2A0311~227 in the optical. Although the 
emission lines are far less prominent most of the lines visible in 
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2A0311—277 can also be identified in this source. The 
significant difference is the presence of absorption or P Cygni 
profiles seen just resolved in the Cv, S IV and N V resonance 
lines. These have not been observed in AM Her or 2A0311— 
227, but some evidence for their existence was found in the UV 
spectrum of another dwarf nova, SS Cygni, while in an active 
state'’, It is not believed, however, that 2A056—~— 328 was in a 
particularly bright state during these UV observations because 
the fine error sensor on board IUE, which has a limiting magni- 
tude” of B = 14.5, did not detect the source, Charles et al.® give 
its brightness as V= 13.5 on 26 October 1978, significantly 
more than during the current observation. If these absorption 
features are interpreted in terms of a gas outflow from the 
system, then an average velocity may be measured for such 
motion from all the observed features assuming that the 
absorption and emission components are just resolved. This is 
found to be 2,000+600 kms’. A second short wavelength 
spectrum taken about an hour later (the binary period is still 
uncertain, but is probably in the range 4—5 h (ref. 12)) shows the 
emission features considerably reduced with only CIv still 
obvious, but the absorption dips remain essentially unchanged. 

The UV continuum of 2A0526 — 328 is well-fitted by a black 
body with temperature of (2.25+0.1)x10*K. This value is 
similar to that seen by Heap et al.’' in SS Cygni who deduced a 
temperature of 3 x 10° K for this source in its quiescent state. It 
is also very similar to the black-body temperature of 2.4 x 10° K 
found by Bath etal.“ in another X-ray cataclysmic variable, EX 


2A O31-227 


f 


? 
i 


wf 
j $ Rue A $ 
f a LR Pe aA f TE an 


2A 0626-328 


Flax (x 10°F ergem 37? Av!) 


| 


+ 
a 
Fan Wl matt 
ne e ed SNR ARR Ag | 





4,100 1,300 1,500 1,700 1,900 
Wavelength (A) 


Fig. 1 a, The short wavelength UV spectrum of 2A0311~227 
taken by IUE on 25 July 1980. The exposure was 40 min and 
started at 00.42 UT. b, The short wavelength UV spectrum of 
240526 — 328 taken by IUE on 24 July 1980. The exposure was 
30 min starting at 21.12 UT. R is a reseau or calibration mark and 
the large feature at 1,216 A is due to geocoronal HLya emission. 
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Table"! Observations carried out during the 8-h IUE shift starting at 
20.00 UT on 24 July 1980 


an 


Source Start time Exposure Image 
(UT) (min) Wavelength no, 

2142 30 Short 39590 

2A0526 ~ 328 21.46 30 Long 28336 
22.13 30 Short 39591 

23.40 30 Long 28337 

00.42 40 Short 39592 

ene ge 34 50 Long 28338 
02.44 40 Short 39593 





Hydrae. Fitting the Fav? law to the continuum of 2A0526 — 
328 is totally unacceptable. However, a F,av°* energy dis- 
tribution predicted from optically thick black-body disk models 
is generally consistent with these UV observations and the 
available lower limits on the B magnitude (B = 14.5). This is 
another significant difference from the AM Her-type sources 
where the UV and optical emission seems to arise from different 
components. 

Thus, while 2A0311~227 and 2A0526~—328 are both 
cataclysmic variables their UV spectra show several distinct 
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differences. The source 2A0311-—227 has many similarities 
with AM Her and is probably a member of this class. Its UV 
continuum is consistent with F,av* and as such probably 
represents the Raleigh—Jeans tail of a black body peaking in very 
soft X rays (E~0.1 keV). This is similar to the conclusion 
reached by Raymond et al.’ and Fabbiano et al.'* for AM Her. 
Fabbiano ef al. conclude that in the case of AM Her the strong 
magnetic field will give rise to an accretion column as the source 
of the UV/soft X-ray emission. This will almost certainly also be 
the case with 2A0311~—227 for which one can deduce a 
comparable magnetic field from its strong optical polarization’. 
In the case of 2A0526-328, however, the lack of optical 
polarization (Tapia, personal communication in ref. 8) together 
with a rather cooler black-body emission suggests the UV 
emission is instead arising from an accretion disk. The absorp- 
tion features further indicate that the whole binary system is 
immersed in a strong wind emanating from the system. These 
features make it far more similar to other X-ray cataclysmic 
variables (which also show no polarization®) than to AM Her, 
and as such emphasize the rather unusual nature of AM Her and 
2A0311—277. 
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Independent analyses of the HI and CO within 2 kpc of the 
galactic centre have shown that the gas distribution is best 
described as a disk-like structure with a rotation axis inclined 
20~25° to that of the Galaxy'*. Detailed models of the gas as an 
expanding circular disk’ or a thin elliptical bar? describe the 
observations equally well, but they have no dynamical basis. We 
propose that the bending wave theory of Bertin and Mark‘ can 
provide the dynamical explanation for the tilt, and that the 
predictions of the theory are independent of the kinematic 
model of the gas distribution. We show here that the predicted 
relationship between the disk surface density distribution and 
the height of the bending are satisfied for both the disk-like and 
bar-like models of the gas. 

The original motivation for the theory*”’ was to provide an 
explanation for the warps in the outer parts of spiral galaxies, 
and it has satisfactorily explained several observations®. The 
mocel shows that the warp arises as a self-excited bending wave 
which is driven unstable because of its motion through the slowly 
rotating halo. Thus, the disk is rather like a ‘flag waving in the 
wind (of the halo)’. The model described here to explain the tilt 
in the gas disk near the centre of our Galaxy is similar to this. In 


this case, the gas disk moves through the more slowly rotating 
bulge and an analogous instability results in a ‘flapping’ of the 
disk. Direct observations of the bulge component of the galactic 
nucleus using OH masers related to Mira variables’, and IR 
radiation from population II stars'’, indicate the presence of a 
slowly rotating spheroidal distribution of stars with a large scale 
height, comparable to that seen in other galaxies. Liszt and 
Burton model their CO and HI observations of the central 
regions of the Galaxy by a massive disk or bar (> 10° M5) witha 
gaussian scale height of 100 pc and typical rotational velocities 
of 200-300 km s™’. Thus, the conditions of a thin, rapidly 
rotating disk embedded within a larger, spheroidal mass dis- 
tribution treated by the theory are applicable within the central 
2 kpc of the Galaxy. 
The bending wave theory’ predicts a scaling law 


r'?Eh ~ constant (1) 


where 2(r) and h(r) are the surface mass density and height of 
bending (or tilt) as a function of radial distance. This scaling law 
arises because the bending wave propagates with nearly con- 
stant rate of outflow of wave energy through circles of radius r, 


2mrec, ~ constant (2) 


Equation (1) follows if we note that the wave energy density 
€ „~ Èh? and the group velocity c, 5 (for detailed derivation see 
ref. 5). Although interactions with the bulge slowly amplify this 
rate of outflow, the amount of amplification per cycle of wave 
propagation is small and it is the short cycle time which deter- 
mines the wave growth within the age of the Galaxy. 

To examine the constancy of the product Er'/*h, we rely on 
the detailed models of the nuclear disk for the geometric and 
kinematic properties of the disk. Burton and Liszt assume a 
constant surface density in their models and although there is 
excellent morphological agreement between the predicted and 
observed moment maps, the agreement between the contour 
gradients of their model and the observations is not particularly 
good. We assume that the observed contour gradients provide 
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Fig.1 Plot of HI antenna temperature (a quantity proportional to 

gas density) as a function of the quantity (r’/*y)~* for the 

circular model (@) and bar-like model (©) described in the text. 
The dashed lines are least squares fits to the data. 


information on the actual run of density of the disk. The 
observed antenna temperature (T4) along the line b = —/ tan 
22° should provide a good indication of the run of surface 
density because: (1) This locus of points is the axis of kinematic 
symmetry (corresponding very nearly to the projected major 
axis of the circular disk model) and observations along it provide 
the greatest contrast between the gas in the nuclear disk and the 
Galaxy at large. (2) The gas is surely optically thin and thus the 
antenna temperature of the gas should be directly proportional 
to the volume density. (3) The Burton and Liszt models show 
good agreement with the observations on the assumption of a 
disk of constant thickness. If this assumption is approximately 
correct, the observed HI antenna temperature should give the 
run of surface density. 

To determine the surface density, we used the improved H I 
observations’ along the line 6 = —/ tan 22°. This line intersects 
the midplane of the disk-like and bar-like models along a unique 
locus of points, and we determined the apparent LSR velocity 
along the locus for both models at 0.5° intervals. From the 
moment map of the H I observations, we found the H I antenna 
temperature on both sides of b =0 and averaged the results. 
Because the data are satisfactorily modelled by a planar dis- 
tribution with a constant inclination angle the product 2r'/7h œ 
Tar?” for both the disk-like and bar-like models. 

In Fig. 1 we plot T4 as a function of (r'/*h)~" for both models. 
The points do not differ markedly from a straight line in either 
case, as expected from the theory. The dashed lines are the least 
squares fit to the data for each model. The data plotted in Fig. 1 
include the HI emission for /=2°. Observable CO emission 
extends to nearly / = 2°, and at lower longitudes the H, mass is 
likely to dominate the surface density of the nuclear disk. It is 
not possible to determine the H mass from CO observations in 
the nuclear disk with any confidence, and we have therefore 
excluded the region of I < 2° from our analysis. 
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It seems reasonable to interpret Fig. 1 as implying that the run 
of density in the nuclear disk agrees with the predictions of the 
bending wave theory independently of the kinematics of the 
model used to describe the data. The largest uncertainty prob- 
ably comes from the assumption of a constant thickness of the 
gas layer. The disk-like model could have an increasing scale 
height due to decreased self-gravity of the disk whereas the 
bar-like model may have the opposite tendency if it is really a 
triaxial ellipsoid rather than a thin disk. These possibilities can 
be tested only with better observations and more refined model 
making. Nevertheless, for the models we consider, which satis- 
factorily describe the present observations, the bending-wave 
theory provides a plausible dynamical basis for the tilt of the 
nuclear disk. 
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The radio acoustic sounding system (RASS) is a remote tech- 
nique for measuring temperature profiles in the lower tropo- 
sphere’. In essence, it consists of a powerful acoustic source 
beaming a short burst of sinusoidal waves towards the zenith. 
The speed of this pulse in its upwards path is proportional at 
every height to the square root of the local temperature. This 
speed is continuously measured from the ground by means of a 
Doppler radar. The radar echo is due to the change in refractive 
index of air compressed by the acoustic wave. The faint echo is 
enhanced by choosing an acoustic wave in Bragg resonance with 
the radio wave. The record of the measured sound speed 
displayed as a function of delay from the start of the acoustic 
beam leads to the acquisition of the temperature vertical profile. 
We now describe the use of such a system at metre-wavelengths — 
in the study of fog-capping thermal inversions at a site in the Po 
Valley. 

Some of our measurements with such a system have been 
published elsewhere**. Comparison with other tropospheric 
soundings shows that RASS can give temperature profiles 
between 170 and 1,000m with an accuracy of ~0.2°C 
(independent of height) and with a vertical resolution ~ 20- 
30 m. The system has the advantages expected of remote sensing 
devices—short time resolution, rapid measurement and small 
cost of operation. We have made a particular study of fog- 
capping temperature inversions because of their importance in 
determining the fate of airborne pollutants discharged in the 
thermal plumes from tall industrial chimney stacks. 

Since the Summer of 1979, our system has operated on the 
premises of the thermo-electric power plant of Turbigo. During 
September 1979, the fourth field experiment on atmospheric 
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Fig. 1 Comparison of thermal profiles, 13 September 1979, 13 h 

30 min: —, RASS; +, radiosonde on disposable balloon (Joint 

Research Centre); x, measurements at 2 and 145 m height along a 
smokestack of the power plant. 


remote sensing, was carried out by 14 European teams under the 
auspices of the CEC (Commission of the European Com- 
munities) Environmental Research Program, in Turbigo’, using 
radiothermosondes, towed by disposable balloons, tethered 
balloons, model aircraft, to measure vertical air temperature 
profiles more or less simultaneously. 

The thermal profiles obtained were compared with RASS 
soundings® as shown in Fig. 1, which includes a temperature 
profile obtained by the radiothermosonde. Figure 1 shows that 
RASS data compare favourably with other readings; any local 
disagreement in the plots is within 0.5 °C, and may be justified 
by differences in the footprint of the sounding, a few kilometres, 
and/or the time of measurement. Approximately 100 soundings 
were compared during the CEC campaign. Limitations asso- 
ciated with this technique are essentially due to strong horizon- 
tal winds and large convective vertical motions'©. Wind shears 
associated with strong wind distort the acoustic burst which limit 
the applications of this technique worsens the coherent match- 
ing between radio and acoustic waves and causes a lowering of 
the sounding range. This is not a major drawback in that such 
conditions ensure a very effective stirring of air and the 
temperature profile is close to the ‘adiabatic lapse rate’, which 
corresponds to a uniform vertical temperature decrease of 
0.01°C m, 

The temperature error Ar (°C), arising from the effect of the 
vertical component w(ms') of the wind on the RASS 
measurements, is given by At= —1.7 w. Although this error 
could cause trouble when evaluating air thermal structure asso- 
ciated with diurnal convective unstable layers, it can be eli- 
minated by using an acoustic radar technique to measure the 
wind vertical component of velocity independently’, or it can 
be reduced by averaging temperature measurements over suit- 
able periods of time. | 

In the fog conditions, discussed here, however, these limita- 
tions are negligible. 

The Turbigo site is located in the centre of the Po Valley, and 
is characterized by prevailing low wind speed regimes. A non- 


Nature Vol. 290 12 March 1981 


uniform thermal structure of the planetary boundary layer 
(PBL) frequently associated with this meterorological situation, 
may lead, for example, to nocturnal stable inversion layers, 
subsidence inversions and fog layers due to water vapour 
condensation processes. For these cases no prognostic model 
exists’. Consequently, more reliable data from PBL observation 
are needed, for which knowledge of the vertical thermal profile 
is important. | 

One of the most difficult structures of the PBL to measure is 
the radiative fog layer capped by an elevated thermal inversion 
of unknown depth and intensity. 

We need to know: (1) the thickness of fog layer; (2) the 
intensity of radiative thermal inversion at the top of fog; (3) the 
atmospheric stability parameter above the fog-capping 
inversion, at height 500-1,000 m. SODAR may reveal the first 
data. The second or third data have to be assessed with dispos- 
able radiosondes. However, economy and air traffic regulations 
impose severe limitations on the latter method. 

The present experiment refers to synoptic weather conditions 
marked by fog in the Po Valley in connection with a high levelled 
pressure over the Mediterranian area, between 8 and 14 
February 1980. On the last day the high pressure promontory 
weakened, and fog disappeared. Figure 2 and Table 1 show the 
RASS soundings, balloon soundings from Linate airport and 
temperature readings along a Turbigo smokestack. The avail- 
able data from the Linate radiosoundings are only 1-2 between 
0 and 1,000m because these measurements are used for 
meteorological forecasts and for information regarding air 
traffic. 

Figure 2 shows that: RASS soundings describe the internal 
thermal structure of PBL up to a high of ~ 1 km: RASS thermal 
profile is continuous both in time and in height; vertical resolu- 
tion and temperature accuracy are satisfactory. | 

The difference between the thermal profiles on 8 February as 
deduced by the available Linate radiosonde data and by RASS 
soundings is interesting . This radiosonde profile would have 
brought the observer to assume a fairly stable atmosphere above 


800 





E 600 
à 
ar 
= 
< 
400 
200 
Temperature (°C) 
Fig. 2 Atmospheric temperature vertical profile: —, RASS 
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Table 1 Atmospheric profiles measured with RASS 


Visibility 
at Linate 
RASS Date Time Weather airportat Ry 
profile (February 1980) (p.m.) conditions 3.00pm. (%) 
1 8 4.30 Foggy 400m 98.7 
2 9 4,20 Foggy 600m 86.8 
3 12 12.06 Foggy 1000m 97.8 
4 13 12.00 Foggy 800m 98.8 
5 14 12.00 Not foggy 4,500m 78.5 


The Linate sounding is always made at 1.00 p.m. 


the fog layer, from 300 to 1,000m. RASS soundings show 
however, that the stability was not uniformly distributed: a very 
strong stability between 300 and 400 m being surmounted by a 
near neutral stratification. 

Clearly, such a different representation of the vertical stucture 
of air stability above the fog layer strongly influences pollution 
forecasts. The radiosonde profiles would have predicted that 
smoke released by large hot emissions from an elevated point 
source could be diluted in the higher regions of the PBL. The 
RASS profile, however, could predict trapping in the capped 
inversions and hence the danger of a high pollution level. 

This example stresses the importance to environmental 
management of having a reliable vertical thermal profile in real 
time. RASS has qualities which could fulfil this role. 
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Unusual, low-frequency, one-dimensional energy spectra of 
surface gravity waves from measurements with a buoy in deep 
water (167 m) near Cape Town, South Africa, are discussed 
here. Classical treatment of the time series of spectra showed 
that the wave source was 2,800 nautical miles distant and 
probably in the Southern Ocean. Examination of South African 
Weather Bureau surface pressure analyses of the South Atlantic 
depict an intense, slow moving cyclone, with geostrophic wind 
velocities >50 knots at the same time and place as the origin of 
the waves. The wave spectra are highly unusual in that they 
reveal quasi-regular swell at very low frequencies with spectral 
energy densities an order of magnitude larger than those 
normally present at these frequencies. The wave event and its 
associated meteorological conditions are also discussed. 
Surface gravity waves have been measured on a regular basis 
from positions near Cape Town, South Africa, for several 
years’, These sites are open to waves from the South Atlantic 
and Southern Ocean. Because long fetches are possible to the 
south and west of South Africa, it is accepted that the peak 
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Fig. 1 Energy-frequency-time diagram with days marked at 
12 h GMT and wave energy contours in dB above 1 m^s. 


frequency of the wave spectra is often low (between 0.06 and 
0.10 Hz). However, it is rare to measure significant wave energy 
in frequency bands with the central frequency lower than 
0.05 Hz (period 20 s). This is the third such occurrence (see refs 
1, 2) in ~8 yr of measurements. The signature of the event in the 
energy-frequency—time space and the local height of these low 
frequency waves rules out the explanation that the storm has 
originated in the Northern Hemisphere as do the Saint Helena 
rollers described by Cartwright et al.*. 

The wave recordings were made with a Datawell waverider 
buoy every 6 h for 20-min intervals. Two buoys are maintained: 
one in a depth of 167 m of water and the other in 20 m of water. 
The contours of energy in frequency-time space were similar for 
both buoys. Only the measurements from the deep buoy are 
presented, as these are free from bottom effects. Spectral values 
were computed by standard FFT techniques from 17-min long 
time series sampled every 0.5 s. The estimates have 20 d.f. with 
80% confidence levels of 0.62 and 1.42 times the estimates. 
Frequency resolution is 0.0098 Hz. The spectra have been 
plotted to give an energy-frequency-time plot (see Fig. 1), with 
contours of wave energy density at logarithmic intervals. 

Assuming that the storm-wave generation area is small 
compared with its distance from the recorder, classic treatment 
of the spectra shows that there will be a linear increase of swell 
frequency with time. If to is the time of origin of such swell, the 
distance, D, of the generating area can be determined by 
extrapolating the slope (Af/ Ar) of the ‘ridge’ in Fig. 1 back to the 
zero frequency axis and noting that the group velocity of waves 
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Using this technique, we find that the wave source origin was at 
00 h GMT, 29 July 1980, 2,800 nautical miles from the recorder 
(Cape Town). The lowest frequency identifiable as a definite 
peak is at 0.045 Hz; these waves travel at 800 nautical miles per 
day and reached the wave recorder at 12 h GMT on 1 August 
1980. Slower moving 0.06 Hz waves arrived one day later at 
12 h GMT. 

The normal source area of wave events directed towards Cape 
Town is the South Atlantic. Examination of the South African 
Weather Bureau synoptic forecast weather surface pressure 
charts revealed an intense depression centred at 55°S, 35°W at 
00 h GMT, 29 July 1980 (see Fig. 2). The central pressure of this 
cyclone deepened from 964 to 956 mbar in the 24h from 
12 h 28 July to 12 h 29 July. A further deepening of the low to 
948 mbar occurred on 30 July. The storm track followed a 
course to the south-east with the centre being at 68°S on 
1 August 1980 (see Fig. 3). At this time, winds within 1,000 
miles of Cape Town were from the south-east and unfavourable 
for the generation of long period waves. Geostrophic wind- 
speeds higher than 50 knots are evident on the chart (Fig. 2). 
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Fig. 2 The South African Wea- 
ther Bureau synoptic surface pres- 
sure analysis for 12 h GMT 29 July 
1980. Contours are at 4-mbar 
intervals and the probable fetch for 
the waves is hatched. The map 
projection is polar stereographic. 


What windspeed is required to generate waves with a peak 
frequency of 0.045 Hz? The present method follows Pierson and 
Moskowitz® who showed that for a fully developed sea, the peak 
frequency (f,,) and windspeed are (U) related by 


fan t3 U~ 


For fm =0.045 Hz, U =30.4 ms™ that is, a 60-knot wind is 
required to generate a fully developed spectrum with a peak 
frequency of 0.045 Hz. 

As a fully developed spectrum was not measured, the present 
calculation is based on the work of Hasselmann et al.’ to find the 
size of fetch that would produce a wave spectrum with a peak at 
fm= 0.045 Hz. The empirical equation found from the 
JONSWAP’ data relates the dimensionless peak frequency f to 
the dimensionless fetch x by 


(U measured at 10 m height, inms~', fm in Hz). 





f= 3.527 
where 
hg hU Pa XE 
= and zm i 
f z nd x y? 


For U=30ms"', f=0.138 and ¢= 1.64x10*. The length of 
the fetch is 1,500 km. These values place the results at the limit 
of the JONSWAP data set’. 

Using x above and the work of Mitsuyasu and Rikiishi®, the 
minimum duration required to generate a spectrum with a peak 
frequency of 0.045 Hz with a fetch of 1,500 km, is 23 h. Again, 
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Fig. 3 Chart with storm track and 
storm centre locations together 
with wave travel time and positions 
of 0.045Hz and 0.06 Hz 
components. 
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because the work cited? is for small dimensionless fetches, 
extrapolation to larger fetches might be dangerous. 

If these large orders of magnitude for the windspeed, fetch 
and duration are required to generate the observed wave condi- 
tions (U=30ms"", fetch =1,500 km, duration = 23 h), then 
even if it was not unusual to find deep, low pressure cyclones in 
this part of the Southern Ocean’, it would be exceptionally rare 
to get a fetch of the order of 1,000 km with sustained 60-knot 
winds for a period of a day, generating waves in one particular 
direction. Careful examination of one year’s wave spectra 
recorded at South Uist in the Outer Hebrides’? at latitude 57°N, 
longitude 8°W, shows that the spectral energies reported here 
were a factor of two greater at 0.045 Hz than any of those at 
South Uist. The dangers of extrapolating measurements’ bey- 
ond their respective domains are accepted, but with the limited 
data available, it seemed to be the only logical approach. 

I thank the Council for Scientific and Industrial Research’s 
National Research Institute for Oceanology, Stellenbosch and 
the Fisheries Development Corporation for maintenance of 
equipment and availability of the deep sea data. The work was 
funded in part by the South African Committee for Oceano- 
graphic Research. 


Received 16 October; accepted 13 January 1981. ` 


Shillington, F. A. & Harris, T, F. W. Deut, hydrogr. Z. 31, 67-81 (1978). 

Harris, T. F. W., Marshall, J. N. & Shillington, F. A, Nature 224, 154 (1973). 
Shillington, F. A. & Britten-Jones, A. S. Afr. J. Sci. 75, 495-500 {1979}. 

Cartwright, D. E., Driver, J. S. & Tranter, J. E. Q. JER. met. Soc. 103, 655-683 (1977). 
Munk, W. H. et al. Phil. Trans. R. Soc. A255, 505-584 (1963). 

Pierson, W. J. & Moskowitz, L. J. geophys. Res. 69, 5181-5190 (1964). 

Hasselman, K. et al. Ergebn. Deut. hydrogr. Z. A142, (1973). 

Mitsuyasu, H. & Rikiishi, K. J. Fluid Mech. 85, 705-730 (1978). 

. Newton, C. W. (ed.) Met, Monogr, 13 (1972). 

. Fortnum, B. C. H. et al. Inst. Oceanogr. Sci. Rep. No. 71 (1979). 


SV PIAANRWNE 


_ 





Changes of °H and “O 
enrichment of meteoric 
water and Pleistocene glaciation 


Russell 8. Harmon 


Isotope Geology Unit, Scottish Universities Research and Reactor 
Centre, East Kilbride, Glasgow G75 0QU, UK 


Henry P. Schwarcz 


Department of Geology, McMaster University, Hamilton, Ontario, 
Canada L8S 4M1 


Recent theoretical modelling’ has suggested that the well 
documented D- 5°60 relationship for modern meteoric waters 
may have changed during the Pleistocene glacial periods in 
response to increased ocean surface air humidity. Here we 
present isotopic data on fluid inclusions and host speleothems 
which support this hypothesis. Depositional temperatures can 
be determined for speleothems formed in equilibrium condi- 
tions from the temperature dependence of the calcite-water ‘°O 
fractionation by isotopic analysis of both entrapped fluid 
inclusions and host calcite. Palaeotemperatures for five areas of 
east-central North America and Bermuda, calculated assuming 
the present D-O meteoric water relationship for fluid 
inclusion waters, are observed to be too low during late Pleisto- 
cene glacial periods, in some instances falling below 0°C. By 
contrast, interglacial palaeotemperatures are largely equivalent 
to those in the areas at present. As speleothem deposition 
cannot occur at subzero temperatures, a possible solution to this 
dilemma is a shift in the intercept of the meteoric water rela- 
tionship. 


The stable isotopic composition of most coastal apd 
continental meteoric waters not subjected to extensive 
evaporation form a linear array (Fig. 1a) best described by the 
relationship: 


SD = X8°0+d, (1) 


where X =8.0 and do, the so-called deuterium deficiency, is 
+10% (refs 2, 3). This correlated behaviour of D and 18O 
variations in the hydrosphere results from both equilibrium and 
kinetic effects which occur during the processes of evaporation 
and condensation in the atmosphere’~. Liquid—vapour frac- 
tionations are such that vapour evaporated from the ocean is 
proportionally depleted in D and +O. Water subsequently 
condensed in the atmosphere will be enriched in both heavy 
isotopes to an extent determined by the isotopic composition of 
the vapour source and the temperature at the time of conden- 
sation. Thus, precipitation from an air mass moving away from 
its tropical oceanic source towards higher latitudes will become 
progressively depleted in D and “*O, producing a pronounced 
and characteristic geographic distribution in the isotopic 
composition of continental precipitation (Fig. 15). This natural 
evaporation—condensation cycle can be modelled in terms of a 
Rayleigh distillation process, the slope of the 6D-6'°O rela- 
tionship in equation (1) being characteristic of liquid—vapour 
equilibrium’ and the intercept do, indicative of the extent to 

which kinetic processes have affected the system. 

At present this general, worldwide 5D-5'°O relationship is 
determined by the isotopic composition of the ocean, the ulti- 
mate source of all continental precipitation, as well as the 
prevailing climatic conditions in which evaporation and 
condensation occur. During the last glacial maximum at 18,000 
yr BP the ocean was enriched in 1O by ~1.1~1.4% (ref. 5); the 
corresponding shift in 5D is undetermined at present, but was 
presumably close to +10%. If prevailing climate conditions 
change so as to amplify or diminish kinetic fractionation during 
evaporation or condensation, do will be altered. The data we 
present here suggest that this may have been the case during the 
Pleistocene ice ages. 

Oxygen isotope variations in calcite speleothems can yield a 
relative record of past climatic fluctuations if deposition occur-. 
red in conditions of isotopic equilibrium with their parent 
seepage waters’ *. Moreover, if the ““O content of the parent 
seepage can be estimated from analysis of fluid inclusion trapped 
within a speleothem at the time of deposition’, then the 
temperature of deposition can be calculated from the tempera- 
ture dependence of the calcite-water ‘*O fractionation as given 
by O'Neil et al. 1%: 


10°Ina.—w = 2.78 x 10T? +2.89 (2) 


where dew = (8 8 Ocacite + 1,000)/(8 8 Owatert+ 1,000). Inasmuch 
as the temperature deep within a cave is related to the long- 
term, average temperature on the surface above the cave, such 
isotopic palaeotemperatures should reflect surface temperature 
variations throughout the period over which the speleothem was 
deposited. 

Direct analysis of the 1O composition of fluid inclusion 
waters has not yet been satisfactorily demonstrated, the two 
major problems being the possibility of continued isotopic 
exchange between the host calcite and water subsequent to 
entrapment and that of exchange induced during crushing and 
extraction for analysis. It has previously been shown, however, 
that the D and “°8O contents of modern cave seepage in 
temperate areas of North America and western Europe are 
equivalent to the surface precipitation from which the ground- 
water seepage was derived”’*"? (Fig. 1a). It should therefore be 
possible using equation (1) to estimate the °O/*°O ratio of 
speleothem fluid inclusion waters from an analysis of the D/H 
ratio. Table 1 shows the observed agreement both between the 
180/160 ratios calculated for fluid inclusion waters from modern 
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Table 1 Isotopic data and calculated isotopic temperatures for modern soda-straw-seepage waters and stalagmite-fiuid inclusion pairs for sites in east central North 
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America and Bermuda 
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A B 
Soda-straw-seepage Stalagmite~fluid inclusion Isotopic Measured cave 
Locality water pairs pairs temperature temperature 
CC) CC) 
"0O, sO, 8O, 6D, 8t Os Ta Ta 
(ASMOW 

Iowa 24.10 (6) ~7,77 (9) 24.10 (1) ~§5.6 (2) ~8.19 10.6 9.0 8.8 
West Virginia” 23.15 (7) ~8.68 (8) 23.64 (4) ~60.9 (4) ~8.86 10.7 8.0 10.8 
Kentucky 25,81 (8) ~ § 59 (8) a ~~ ~ 12.9 oo 13.5 
Texas 26,78 (7) ~3,.44(11) -= a — 18.1 — 20 
Bermuda 27,59 (6) ~2.07 (9) _— mme — 20.8 — 21.0 





&'*Q. is measured speleothem calcite *O/'°O ratio. 

&'80, is calculated fluid inclusion '*O/'*O ratio from equation (1). 
&'*Q, is measured water '*O/'*O ratio. 

8D, is measured fluid inclusion D/H ratio. 

Isotopic temperature is temperature calculated from equation (2). 
Number of samples analysed are given in parenthesis. 

* Data from ref. 28. 


stalagmites and that measured for cave seepage waters and also 
between calculated isotopic temperatures for these speleothem- 
fluid inclusion pairs and measured cave temperatures. In both 
cases the differences are just slightly larger than the limits of the 
analytical uncertainty. Using the procedures described in ref. 
14, D/H ratio measurements for speleothem fluid inclusions 
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have a precision of about +3%, whereas speleothem calcite 
'8¢)/'°O ratio determinations have a precision of +0.1%. This 
translates to an overall uncertainty of about +2 to 3°C in 
estimated palaeotemperatures, given the inherent small-scale 
inhomogeneities in the volume of speleothem material used for 
an individual analysis. This uncertainty, though substantial, is 
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Fig.1 a, Relationships between D/H and ‘*O/'*O variations in various modern meteoric waters??, Specific fields shown are those for modern Antarctic precipitation?°!, 

post-glacial and glacial age ice from Byrd Station, Antarctica’, modern seepage waters in caves of east-central North America”? modern and palaeo groundwaters in 

North Africa**-** and modern seawater"***, Modern meteoric waters are best described by the relationship 8D = 88180 + 10 whereas that for glacial-age meteoric waters 

appears to be 5D = 88"*O, b, Map of North America showing approximate 8D contours for meteoric surface waters (after Taylor)?’. Also shown by the North American 
sample localities discussed in the text. 
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Table 2 Isotopic composition, ages and calculated depositional temperatures for speleothem-fluid inclusion pairs from North American sites 





Sample Age §'8Q, 6D,, &4O* §'8O** T T™* Climate AT (C) 
no, (kyr) l ` 4 SMOW ` (°C) CC) type t 
Iowa l . ; set 
74014:5 8,5 24,5 -67.1 —9,6 l —8.4 2 7 t -2 
10 24.2 72.8 ~10.4 -9,1 
11.5 0 5 t —4 
10 24.3 72.0 —~10.3 -9.0 
9 13.0 24.8 ~~ 72.0 10,3 ~9.0 -=l 3 t -6 
8 ' 14.0 24,7 -74,9 10.6 . ‘~9.4 -3 2 t -7 
7 17.0 24.2 me TD 4 "JI? 6, ~9.9 -3 2 "E -7 
4 20.0 24.1 ‘. =76.9 10.9 ~9.6 -1 3 g -5 
12 23.0 24.1 72,3 ~10.3 -9.0 ' i 5 g —3 
'74025:1 2.5 24.1 -55,0 -8.1 G9 9 14 i 0 
West Virginia ; 
. GV2: 1,2 60 25.3 —§2.3 ~-9 0 —7,8 1 6 t. -5 
3 70 26.3 -61,9 -9,0 -7.7 ~2 2 - E -8 
4 97 23.8 52,2 ~7.8 ~6§.2 12 17 i +1 
5 104 23.8 ~56.6 ~8,3 -7.1 10 15 t{i) +4 
6,7,8 159 25.1 -59,2 —8,7 ~74 3 8 g —3 
NB10: 1 169 23.7 ~65.0 _ =9.4 ~8.1 6 11 g 0 
2 172 23.5 ~~§3.8 -7,9 ~6.7 12 18 t +6 
3 174 23.0 61.5 8,9 Ah 10 15 g +4 
4 197 23.6 68.5 -9,8 —8,6 r.: 9 t -i 
5 200 23.8 _ “65.8 -9,5 —8.2 . 5 10 t —1 
Kentucky . ` 
72041:10 106 24.9 -44.2 ~§.8 -55 2 > -17 i —2 
12 112 25.7 45,9 ~7.0 45.7 & 13 t -1 
11 122 24.8 424 ~§.5 5,3 13 19 i 0 
7 127 25.5 _ ~61.6 . ~9.0 7 7.7 - i - 6 e —§8 
5 156 25.7 ~ 49,2 ~74 _ 6.2 6 11 g -3 
4 171 24.7 | ~~ 45.0 ~6.9 ~5.6 . Ag 18 t +4 
3 195 24.7 ~ 48,2 ~73 ~6.0 il 16 t +2 
2 217 24.6 ~~ 391 ~6.1 4,9 16 21 i +2 
Texas ; : 
72008:2 32 25.9 ~51.8 -7.7 —6.5 4> . 9 £ —11 
3 37 25.6 ~64,5 ~9,3 ~§8.1 -Í 4 g —16 
4 41 ~ 26.3 -57.0 8.4 —7.1 0o 5 g —15 
5 45 26.0 ~~ 50.8 ~$8.4 ~7.1 1 6 g —14 
7 60 26.7 . - ~26.5 ~4.6 3.3 14 rs 9 t —1 
Mexico “a ; ' 
71042:1 53 27.7 ~14.5 ~3.1 ~1.8 16 22 + t -2 
3 55 27.1 ~37.8 ~6.0 -4.7 6 12 t -12 
5 78 27.2 32.7 -5,3 -4,1 9 -14 t -10 
10 95 27.2 -37.5 —5,9 -47 > 6. > 11 t —15 
Bermuda* a ee Mead 
75001:4 25 28.5 ~16.4 — ~3,4 -1.7 +. db. ., 14 g -1 
75003:1 29 ` 30.5 ~19,2 ~3.9 -2.2 2 : 5 g -13 
75004:12 99 29.2 i: io) a ae | ~(0.4 - 14 17 i —7 
11 101 28.2 ~8.4 ~2.1 ~0,4 . 18° - 21 i -3 
13 104 28.5: > 24.0 ~4.7 3,0 6 9 t - —8 
9 109 27,5 ~14.7 -3.2 ~1.5 146°. -19 i a) 
7 112 29.0 19.2 * 39 ~2.2 7 10 it -7 
4 115 28.2 ~10.3° 2.4 ; ~0,7 17 20 i —4 
5 118 28.0 -19:9 4,0 ~2,3 11 19 i -10 
73036:18 166 28.1 -20.1 ~4.0 —2.4 6. .: 9 g -8 
i 10 172 27.1 ~11.0 -2,5 -0.8 21 4 24 t +8 
12 176 26,4 ~17.0 3,5 -18 ` 19° 22 g +6 
17 177 27.5 24,0 4.7 ~3.0 10%- > 13 g —4 
15 185 26.9 24,1 -47 . ~3.0 12 . 15 g -2 


Age is interpolated age estimated from 7°°Th/?"*U dates on two'or more horizons within the speleothem; assuming constant linear growth rate. 5180. is measured oxygen 


isotopic composition of calcite. &D,, is measured hydrogen isotopic composition of fluid inclusion water. 61°O* is calculated oxygen isotope ratio of inclusion water 
assuming ôD, = 88O, +10. 6 180%% = calculated oxygen isotope ratio of inclusion water assuming ôD =88 1O.. T* = isotopic temperature calculated from 8*°0, and 
618O* using equation (2). T** = isotopic temperature calculated from 5°*O, and 6'°O%* using equation (2). 

+ For Bermuda we have assumed that for modern and interglacial precipitation: 6D = 6820 +4,2 while for transitional and glacial times: 5D = 6880 (see refs 9, 13). 

f A climatic classification of the samples was constructed from a correlation of their ages with the foraminiferal isotopic record of deep-sea core V23-238° for which a 
time scale has been established from the position of the ~730,000 yr ap. Brunhes~Matuyama magnetic reversal and the assumption of a constant sedimentation rate 
throughout the core. 5'*O values of foraminifera (6'*O,) increase with increasing ice volume because of the increase in 6’°O of the ocean and lower oceanic temperatures 
during glacial periods. Thus speleothems deposited at times when 8°30, > ~1.254 are called glacial (g); when 6°°O, <—1.704 we have interglacial (i) conditions; between 


these limits we refer to the climate as intermediate (t). 


smaller than the 4-14°C temperature difference postulated 
from climate reconstruction for east-central North America 
during the 18,000 yr BP Wisconsinan glacial maximum’. This 
technique should, therefore, be applicable to ancient speleo- 
thems where it would have the. potential to provide a proxy 
record. of late Pleistocene terrestrial climate change which is 
otherwise difficult to obtain. 


Isotopic data for 11 late Pleistocene speleothems deposited i in- 
equilibrium conditions within caves in east-central North . 


‘America and Bermuda are given in Table 2. Ages.for individual 
calcite-fluid inclusion pairs were interpolated from growth 


curves established by oTh/ asagi dating of multiple horizons 
within the speleothem’®. 

We have previously shown that fluid inclusions from five of 
these speleothems became depleted in- deuterium as climate 
shifted from interglacial to glacial conditions’; the average shift 
in D in north-central North America was about —12%. 
Palaeotemperatures calculated using equation (1) for these five 
samples and six additional ones are presented in Table 2. While 
most palaeotemperatures range between modern values at a site 
and 0°C, in some instances they fall below 0 °C (for example, 
Iowa) and in others are clearly too low considering the 
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geggraphic location of the cave sites (for example, Texas and 
Bermuda). 

Groundwater recharge and calcite precipitation cannot occur 
when cave temperature is below freezing. Groundwater 
recharge is possible in certain permafrost conditions where the 
annual average surface temperature is below 0 °C, such as in the 
high Arctic at present’’, and cave temperatures may be main- 
tained above freezing in an area where the average surface 
temperature is subzero’*. These situations, however, represent 
arctic and alpine anomalies unrelated to the temperate lowland 
and marine karst areas, under discussion here. Therefore, we 
consider the very presence of a speleothem deposit as evidence 
that the cave temperature was above the freezing point during 
the time of its deposition. 

A possible resolution of this dilemma is that equation (1) 
changed during Pleistocene glacial periods. The general ôD- 
8'°O meteoric water relationship is geographically somewhat 
variable at present’. For example, precipifation in Japan and the 
Mediterranean is displaced to lower 6'°O values by ~1.5% 
relative to other meteoric waters with an equivalent 6D value, 
while for most oceanic islands the relationship is ôD = 
4.280 +0.1. More significantly, temporal variation in the 
5D-5'*O relationship was noted by Epstein et a/.’° in their study 
of the ice core from Byrd Station, Antarctica. Here post-glacial 
precipitation falls on the 5D = 85'°O +10 line as does modern 
precipitation®®*', whereas glacial-age precipitation is best 
described by the relationship D = 7.96'*O (Fig. 1a). Our data 
are compatible with the idea that Pleistocene meteoric waters 
elsewhere also exhibited a relative deuterium deficiency during 
glacial periods. Thus during glacial periods, X ~8 and dọ=0 
with d approaching its present value of +10 during transitions 
from glacial to interglacial climate. 

Independent evidence for such changes in dp is provided by 
hydrologic studies in North Africa’*”** where low-'*C (Pleisto- 
cene-age) groundwaters have been observed with d)=0, 
whereas for modern precipitation do = 10 (Fig. 1a). It therefore 
seems that during at least the last glacial period of the Pleisto- 
cene X <8 and d was significantly less than 10; both variables 
acquiring the present value (8, 10) shortly after the present 
interglacial period began some 10,000 yr ago. 

We have recalculated temperatures for speleothem samples 
deposited during glacial and transitional periods assuming the 
extreme boundary conditions of X = 8 and d,=0 (Table 2). In 
so doing, all isotopic temperatures become positive and those 
for the southerly cave sites become climatologically more 
reasonable. For example, values of AT for the Iowa {—5 to 
~7 °C), Kentucky (—3 to —8 °C), and Texas (—11 to —16 °C) sites 
are in close agreement with those derived for the Great Lakes 
(~7 to ~11°C), Interior Lowlands (~-~13°C), and south- 
western v.s. (—11 to ~13°C) regions from the ice-age climate 
modelling of Gates’* based on the CLIMAP”® data, and not 
substantially different from those for the Great Lakes (—6 to 
~14 °C) and Appalachian Regions (8 °C) estimated by Peterson 
et al.” from pollen data. Of the six data sets in Table 2, that for 
Iowa is the most important because the Coldwater Cave 
stalagmite not only has the highest growth rate and smallest age 
uncertainties of any of the samples analysed, but also was 
deposited during the period of the change from the full glacial 
conditions of the late Wisconsinan to the interglacial conditions 
of the Holocene. The well-defined trend towards lower isotopic 
temperatures during the late Wisconsinan glaciation and the 
virtual coincidence of the speleothem temperature minimum 
and the glacial maximum at 18,000 yr BP give us confidence in 
these results. However, the data for the older speleothems must 
be considered inherently less accurate because of the larger 
uncertainties in dating. This especially applies to individual 
samples of ‘intermediate-type’ whose ages lie near climatic 
boundaries and thus may be misclassified as to climate type. The 
situation in Bermuda is different and more complex than in the 
continental sites and as a result somewhat problematic. Here, 
modern precipitation lies on a line of lower slope and do value 
(8D =68 "0 + 4.2, ref. 13). Because dy should in theory be zero 


or positive depending on whether evaporation occurs totally in 
equilibrium or kinetic conditions’, the glacial-age palaeotem- 
peratures calculated for Bermuda in Table 2 are calculated for 
Bermuda in Table 2 assuming only a —4.2% shift in do, while X 
is presumed to remain constant. Also, the Bermudian speleo- 
thems analysed were all formed at elevations below present sea 
level in presently flooded caves, so that none record fully 
interglacial conditions at this site. 

The average difference between modern and ancient 
temperatures (AT) is negative and greatest for deposits formed 
during glacial times (Table 2). The apparently low AT values 
observed for some ‘intermediate’ samples presumably reflects 
the fact that we have set do = 0 for these samples whereas during 
these times the true dy value was between 0 and +10. Without 
some estimate of both the '°O/'°O and D/H ratios of glacial-age 
waters it is not possible to define the exact 6D-5'°O relation- 
ship. However, as long as the relationship remains linear with a 
slope dê D/d O = 8, then small changes in the intercept dp will 
only have a comparatively small effect on the calculated 
temperature difference, AT. Using a global model of oceanic 
evaporation and precipitation, Merlivat and Jouzel’ find that do 
is virtually independent of the temperature at the site of 
evaporation, but decreases linearly with increasing relative 
humidity at the source site. A value of do = 0 would correspond 
to a relative humidity of subtropical oceanic air of about 100% 
compared with a value of 81% at present. Growth of continental 
ice sheets might also have had an effect on the 8D-6*O 
relationship due to the consequent enrichment of both D and 
180 in seawater. 

It would thus seem important to obtain independent 
measurements of both '*O/'°O and D/H ratios in dated Pleis- 
tocene palaeowaters, to evaluate the possibility of’ secular 
changes in the 8D-8'°O relationship for meteoric waters. Such 
work is in progress in the McMaster laboratory. Similar detailed 
studies on other ice cores are also required. 
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Two orogenies in the Grenville Belt? 
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The age of the Grenvillian event is commonly taken to be 
~ 1,000 Myr, but depending on the isotopic systems used and 
the rocks examined, dates vary from 1,100 Myr or more’ to 
~700 Myr (ref. 2). K-Ar mineral dates and ®Ar/” Ar dates 
reflect blocking temperatures that correspond to regional cool- 
ing. They should, therefore, be younger than the true age of a 
thermal event that would be more accurately dated by Rb-Sr 
wholeé-rock isochrons or by U-Pb dating of zircons. However, 
because blocking temperature for argon is estimated to be 
550-600 °C in hornblende’, hornblende dates should at least 
correspond to the time at which medium to high-grade 
metamorphism was last reached in the rock if systems have 
remained closed ever since. In the Grenville Province, the 
discrepancy between ~1,100 and ~950 Myr dates recorded by 
different radiometric clocks has commonly been attributed to a 
progressive and slow cooling of the region‘. I suggest here that 
the presence of at least two distinct thermal events in that time 
interval is a plausible explanation. 

It has been shown both experimentally’ and theoretically® 
that different minerals have different blocking temperatures for 
Ar and Sr, and this property has been used to unravel the 
evolution of complex polymetamorphic crystalline terrains’. In 
the western Grenville Province, numerous such cases have been 
documented of K-Ar mineral ages at ~1,000 Myr BP whereas 
Rb-Sr whole-rock isochrons ran from 1,400 to 2,350 Myr BP 
(refs 8, 9). At least two distinct thermal events (Hudsonian and 
Grenvillian) have been thought to affect the region. There are 
other cases, however, and more particularly in the central part of 
the Grenville Province, where 40% of U-Pb dates on zircons 
and Rb-Sr whole-rock isochrons cluster around 1,050- 
1,100 Myr whereas 18% coincide with the peak of K-Ar dates 
at 900-950 Myr. A similar difference of ~150 Myr is also found 
in some K-Ar determinations of hornblende~biotite pairs from 
the same area (Table 1). Is this due to slow cooling? 

Two peaks of K-Ar dates have been found*””’ from the 
Grenville Province and there are two possible interpretations. 
At the time, the lack of Rb-Sr whole-rock isochrons and U-Pb 
zircon dates corresponding to the younger K-Ar peak seemed to 
favour a slow cooling interpretation. Since then most authors 
have assumed that isostatic re-equilibration and erosion follow- 
ing orogenic activity could explain a 150 Myr time-lag between 
Rb-Sr whole-rock dates and K-Ar dates. 

The determination of which length of time justifiably 
represents slow cooling, and which one separates two events is 
difficult. Blocking temperatures in metamorphic terrain are 
controlled by uplift of large crustal blocks*. In the Grenville, 
from metamorphic mineral assemblages the total crustal thick- 
ness during the Grenvillian event must have reached 60-70 km 
(ref. 12). By isostatic adjustment this must have caused the 
formation of an elevated belt as high as the Tibetan Plateau. 
Speed of erosion of this belt would control its rate of cooling. 
Calculations of recent cooling rates in the Alps give values 
varying from 50 °C Myr™', 29-26 Myr ago to 6 °C Myr’ for the 
past 14 Myr (ref. 13). Estimates based on rates of erosion and on 
an assumed geothermal gradient of 40°C km™ yield values of 
32~16 °C Myr‘ at present’*. Because cooling curves seem to be 
strongly exponential over a few tens of million years these values 
are certainly minimum figures. In the Grenville Province, dating 
of hornblende and biotite pairs by the **Ar/*°Ar technique 
indicates ~30-50 Myr between blocking temperatures of the 
two minerals*!*'*, corresponding therefore to a cooling rate of 
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6-10 °C Myr", in reasonable agreement with alpine estimates, 
if somewhat on the low side. If blocking temperature for argon in 
hornblende is of the order of 550-600°C, the cooling of 
medium- to high-grade metamorphic rocks to ~300 °C should 
commonly take 50 Myr. However, given the accuracy of most 
available K~Ar dates, this time gap is too small to be statistically 
significant. Specific cases have been reported, however, where 
discrepancy between various dates cannot be explained by 
differences in cooling rates. For instance, in Lac Croche area 
Rb-Sr whole-rock isochrons show the peak of regional 
metamorphism and deformation to date from ~1,100 Myr ago 
(1,100+427; 1,070+43) whereas formation of a younger 
(metasomatic?) granite was dated from 940+ 20 Myr by the 
same method’. K-Ar dates on micas in gneisses give 955 Myr. In 
three other areas, hundreds of kilometres apart, in Cardiff and 
Mont Laurier in the Central Gneiss Belt and in Johan Baetz area 
in the eastern Grenville Province, uranium-bearing pegmatites 
have been dated from ~950 Myr ago (Rb-Sr whole-rock iso- 
chron method) whereas the peak of metamorphism dates from 
1,100 to 1,050 Myr ago (same dating method applied to sur- 
rounding granites)'’. Fowler and Doig” report that uraniferous 
granites “seem to have crystallized from melts produced after 
the main pulse of the Grenville orogeny rather than through 
processes of in situ anatexis or metasomatism”. In other words, 
geologically younger granitic rocks are isotopically distinct from 
and ~150 Myr younger than adjacent rocks. Finally, recent 
dating of the Marcy anorthosite in the Adirondacks gives 
1,190 + 130 Myr by the Sm—Nd method and 930+ 40 Myr tł y the 
Rb-Sr whole-rock isochron method on the same samples". 

How general is the distribution of these two temporally 
distinct events? K-Ar dates in the 900-950 Myr range are 
distributed throughout the Province, but 1,050-1,100 Myr Rb- 
Sr whole-rock isochrons and U~Pb zircon dates are concen- 
trated in a northeasterly trending swath in the central part of the 
Province only (Fig. 2). West of a line running from Bancroft to 
Chibougamau, Rb-Sr whole-rock isochrons reflect still older 
thermal events extending back in time to the Archean®?!?**, 
Thus, in the western Grenville Province the absence of a 
1,100 Myr set of dates apparently means that the 950 Myr dates 
stand on their own, and do not represent the end of a long 
cooling phase. Previous thermal events of high intensity last 
affected the area around 1,300 Myr or earlier’, 

Outside Canada, two distinct radiometric events have been 
reported from the Adirondacks (1,100 and 850-900 Myr)", 
from east Greenland (1,150 and 950 Myr)**”*, from southern 
Norway (1,100 and 900-100 Myr)*””* and from the basement of 
the Appalachians (1,150 and 835 Myr)''*”. Dates from Skane in 
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Table 1 Comparison of isotopic ages from some areas inside and outside the Grenville Province 
% : 
Outside the Grenville Belt 
Rb-Sr whole-rock Maximum 
U-Pb isochron K-Ar mica K-Ar amphibole difference 
(Myr) (Myr) (Myr) (Myr) (Myr) 
37 
Basler Lake 2,510+ 1067 2,460, 2,420, 2,390 120 
eiti 1,77559% 1,800, 1,735 7738 25 
Nueltin Lake : i" PA i5 
j i 1,318+15 1,340 1,325 17 
Mistastin Lake i H j i 
Umiakovik Lake 1,290+ 30 1,275 
Inside the Grenville Belt 
North Bay 1,160 *? 940 47 S 884 “4 276 
French River ert ae 985, 930 170 
1,160 
i 46 5 
Manhattan Prong 1,150" 835 31 
Lac Croche 1,119+24“’ 955 4° 164 
a 37 10 40 
1,096+ 46 989 “", 875 221 
Deloro pluton i ie a 
Labrieville 1,16590 875 290 
3 49 46 46 272 
Reading Prong 1,060 ie 788 i 873 
New Jersey Highlands 1,170 905 265 





All Rb-Sr dates recalculated for A = 1.42 x107" yr7?. 


Sweden suggest similar relationships, but results are somewhat 
ambiguous*’. This remarkable persistance of two peaks of 
thermal activity throws some doubt on an interpretation involv- 
ing slow uplift and cooling and it suggests that the possible 
existence of two thermotectonic events should be carefully 
evaluated. This would mean that an early Grenvillian event 
would only have affected some parts of the Grenville Belt, anda 
later event, of lesser intensity but greater areal extent would be 
responsible for the later group of dates. 

In Scandinavia regional metamorphism and deformation 
peaked around 1,200 Myr ago, and again around 1,000 Myr 
ago’*. According to Berthelsen (personal communication) early 
Grenvillian structures (Ostfoldian) trend north, with a westerly 
vergence, and later structures cut across them. Structural trends 
are similar in both cases but the younger thrust planes dip west 
instead of east. In Canada, early Grenvillian Rb-Sr isochron 
dates fall in a zone of north-northeasterly structures that run 
obliquely to the Grenville Front (Fig. 2), This penetrative 
structural grain contrasts with a variety of trends in other parts of 
the Province and suggests that the earlier event was more 
homogeneous and more intense than the later one. The latter 
did not generally open Rb-Sr whole-rock systems, and in places 
it did not even reset K~Ar mineral dates (1,533+42 Myr on 
hornblende’? and 1,395 Myr on biotite” for example). 

If the distribution of ‘Grenvillian’ dates corresponds to two 
events 150 Myr apart, thermochrons* drawn from the dis- 
tribution of all K~Ar biotite dates are meaningless. In fact, one 
cannot draw continuous thermochrons for either a 1,100- 
1,150 Myr group or a 850-1,000 Myr group of K-Ar dates on 
bictites. 
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Fig.2 Distribution of 1,100 + 50 Myr Rb-Sr whole-rock isochron 
dates in the Grenville Province. Dots correspond to isochrons 
giving older dates. Note coincidence of north-northeasterly struc- 
tural trends with rocks dated at 1,100 + 50 Myr dates. B, Bancroft; 
C, Chibougamau; Q, Quebec City; W, Wabush. 1@, 1,120 Myr; 
2, 1,095 +39 Myr; 3, 1,130+ 10 Myr; 4@, 1,100+ 15 Myr; 5@, 
1,073+50 Myr; 6, 1,080+39 Myr; 7@, 1,131+56 Myr; 8@, 
1,159+99 Myr; 9@, 1,021+10 Myr; 10@, 1,057+27 Myr; 114, 
1,165 +90 Myr; 12@, 1,106+90 Myr. 
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Table 2 a, Concordant dates from different isotopic systems in various parts of the Grenville Belt. b, Discordant K-Ar dates from mineral pairs in 
the same rock; Grenville Front zone 
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a 

Rb-Sr 

whole-rock K~Ar 
isochron K~Ar mica amphibole 

(Myr) (Myr) (Myr) 
Lac Croche, P.Q. 961+20! 955 °° 
St. André, PQ. 927415 5! 940 38 | 
Mattawa, Ont. 1,0294152* 940% 965 ** 
Scoresby Sund 1,169 +. 6 76 1,124+25 75 


b 
Maximum 
Muscovite Biotite Amphibole difference 
(Myr) (Myr) (Myr) (Myr) 
Killarney 1,180 “* 1,170 °? 215 
965 “4 
Chibougamau 1,105 *? 921% 184 
Gagnon 1,051 ** 831 * 220 
Wabush 980 78 1,125 °° 145 
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* R. K. Wanless (personal communication). 


Snemma a UUU 


Nature Vol. 290 12 March 1981 


131 





The available geochronological data suggest therefore, to a 


first approximation, that the Grenvillian thermal activity 


extended from ~1,150 to 850 Myr ago. Considerations of argon 
retention by various minerals and of the significance of Rb-Sr 
whole-rock isochron and U-Pb zircon dates suggest either that 
metamorphism peaked around 1,100 Myr ago and that all 
younger dates represent a tail-end of this same event, or that two 
distinct metamorphic events took place, a stronger ore around 
1,100 Myr ago and a weaker one around 900 Myr ago. If ‘slow 
cooling’ is the explanation and is taken to mean a cooling rate of 
~300 °C between 1,150 and 950 Myr ago, this is one order of 
magnitude slower than present cooling rates in the Alps. If 
cooling is in turn dependent on rates of isostatic uplift and of 
erosion, slow uplift and slow erosion of a very thick continental 
crust seem to contradict what we know of crustal isostasy. The 
other possible explanation is that of two distinct events. This 
would explain why some Rb-Sr whole-rock isochron dates and 
U-Pb zircon dates are identical to K-Ar biotite dates whereas 
others differ by 200 Myr (Table 2). In this interpretation, the 
younger event would have affected all the belt but may not have 
been strictly coeval everywhere, because dates reported from 
the southern Appalachians (700-750 Myr)’ are considerably 


younger than those from the northern Appalachians’’”°”’, 


Canada**** and Scandinavia (800-900 Myr)***°**. The older 
events would have been of more restricted extent but, at least in 
the central Grenville Province, deformation was intense enough 
to give a common structural grain to the region (Fig. 2). Figure 1 
summarizes the argument. Rb-Sr whole-rock and U-Pb dates 
on zircon form two peaks. The older is higher because dates 
were generally not reset by the second event. K~Ar dates form 
one peak that coincides with the younger of the previous two. 
The K-Ar histogram is asymmetric, suggesting the existence of a 
set of older dates partly reset by the younger event. 

J] thank K. Bell, G. W. Berger, R. D. Dallmeyer and W. K. 
Fyson for constructive comments, E. Hearn for drawing the 
figures, S. Meunier and H. DeGouffe for typing the text. 
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Fossiliferous lacustrine deposits of middle Pleistocene age have 
been found in Central Fezzan (Libya)’ on each side of the 
east-west depressions of the Wadi Shati, south of the Pre- 
cambrian Qargaf anticline’*. They represent the shoreline of a 
former brackish water lake (Fig. 1) which, some 130,000 yr BP, 
covered an area about 100 km long and 10-20km wide. At 
present, the area may be classified as hyperarid. Since 1978, a 
collaborative study of the fossil assemblages has been under- 
taken. It included macro- and micropalaeontological deter- 
mination, Th/U dating, stable isotope and chemical analyses, in 
parallel with sedimentological and archaeological studies of the 
sites. Here we consider the Th/U dating and the isotopic 
palaeohydrology of the lacustrine episode. 

Two main facies have been observed. The first and most 
extensive occurs in the main central and western depressions of 
the Shati. It consists of isolated outcrops, 2-8 m in height and 
5-15 m in diameter. They are almost totally composed of layers 
of mollusc shells, cross-shells, broken or whole shells, some- 
times with both valves joined, with a variable but small amount 
of quartz sand. Typical current orientations of pelecypod valves 
are observed, which, in conjunction with the abundance of 
fragments, indicate a littoral environment. These deposits occur 
at elevations 330-347 m, some 40-60 m above the bottom of 
the Shati depression. They represent a single major lacustrine 
episode with large lake-level fluctuations (~10-15 m), as 
suggested by the alternance of topsets and bottomsets. 

The second facies occurs in two small and partly isolated 
depressions at the eastern margin of the Shati Valley. It consists 
of quartz sands containing small pebbles which originate from 
the Nubian sandstones (Lower or Mid-Cretaceous continental - 
deposits). Scattered shells or small layers of shells are present - 
here and there. The eastermost depression reveals freshwater 
molluscs; the intermediate one shows both fresh- and brackish- 
water fauna. Fluvial inputs characterize this margin of the lake, 
where freshwater fauna developed in small embayments. Note 
that these depressions could have been partly filled with water 
during several episodes after the main lacustrine phase. 

In the main lake, the fauna includes molluscs’, ostracods* and 
foraminifera’. Among the molluscs, Cerastoderma glaucum, the 
Mediterranean cardium, is by far the most abundant species. It is 
usually associated with Melania tuberculata and Hydrobia sp. 
This fossil assemblage reflects a shallow water community 
(depth <10 m) living on a sandy substrate’. It also suggests a 
temperature of =20 °C (which is implied for larval development 
of cardium) and a minimum salinity? of 3%. In contrast, the 
deposits in the small depressions of the eastern margin are 
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Fig. 1 Proposed area for the Shati Cardium Lake, zz. 


characterized by freshwater assemblages which include Corbi- 
cula africana, Coelatura lacoini, Bulinus truncatus and Limnaea 
natalensis. 

The shell morphology of Cyprideis, which is the only occurring 
genus of ostracods, indicates a strongly variable physical 
environment. The salinity ranged from 5 to 10% during the 
periods of Cyprideis development®”. 

Surprisingly, five species of marine foraminifera have been 
identified in these lacustrine sediments which are located almost 
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1,000 km from the sea: Ammonia beccarii tepida, Protelphidium 
paralium, Criboelphidium articulatum, Discorbis sp. and Rosal- 
ina globularis’. Such occurrences, so far inland, of marine 
organisms in saline lakes are probably due to transportation by 
migrating birds. From a palaeoecological point of view, the Shati 
Cardium Lake fossil assemblages reflect brackish but highly 
variable conditions. Charophytes (Lamprothamnium sp.) also 
occur at a few localities"; they could correspond to 
a 5-10% salinity range’* in agreement with the ostracod 
requirements. 

Stable carbon and oxygen isotope analyses have been made 
on 46 samples of fossil shells and calcitic cement. For each 
sample, Mg**, Sr’* contents and calcite/aragonite ratios have 
been determined. As Fig. 2 shows, some shells present high dppz 
'8O and Spprz 7C values that are almost characteristic of ‘marine’ 
conditions. The Cardium Lake seems to be a perfect example of 
isotopic fractionation in a closed basin, where evaporation 
induces an increase of ‘*O and ‘°C content in the water phase’*. 
A direct 6 O salinity relationship cannot be established as the 
original ionic concentrations are unknown. The samples from 
the eastern part of the lake show typical freshwater conditions 
with lower 6 '*O and °C values. Therefore, one may assume 
that the strongest freshwater inputs came from the east. In 
general, isotope ratios of the shells reflect brackish but highly 
variable conditions. Many samples present clear evidence of 
recrystallization. They are characterized by low 6 *°O values 
and high °C content, almost identical to the values which are 
observed in the calcite which cements the shells. Cal- 
cite/aragonite ratios systematically confirm this interpretation. 
Moreover, lower Sr?* and higher Mg** content may be observed 
in these recrystallized shells. The isotopic shift which occurs 
during aragonite—calcite transformation could thus determine 
the stability or originally calcitic shells. Hence, it is possible to 
use such calcitic shells for Th/U dating, as the O and °C 
content reflects the mineral stability and the risk of contamina- 
tion. In the Cardium Lake fossils, the large '"O variations due to 
evaporation totally erase the temperature effect, the amplitude 
of which is much less. z 

More than 20 Th/U dates have been obtained on the cardium 
shells, by the ionium disequilibrium method’*, with systematic 
X-ray control of calcite occurrence in the originally aragonitic 
shells. Most of the dated samples presented a negligible 
percentage of calcite—only occasionally does the cal- 
cite/aragonite ratio exceed 0.1. But even then, the ages seem to 
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Fig. 2 Carbon and oxygen iso- 
topes of the Shati Cardium Lake 
fossils. Three groups are indicated: 
1, freshwater conditions; 2, brack- 
ish water conditions; and 3, fossils 
with  aragonite-calcite trans- 
- formation. @, Fossils; W, calcitic 
cement. 
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Fig.3 Frequency histogram of U/Th dates + 1e. Total number of 
dates, 21. 


agree with those obtained on purely aragonitic shells. This 
would indicate a very precocious (almost synsedimentary) phase 
of aragonite-calcite transformation. Moreover, the 7°*U content 
(<1 p.p.m.) between samples is comparable’*. The 7*U/?°U 
ratios are greater than 1.15 and clearly reflect the continental 
nature of the water®. The *’Th/*°°Th ratios are very small (few 
p.p.m.), indicating negligible Th contamination. Figure 3 shows 
that the major lacustrine episode took place some 130 kyr BP. 
Although it is difficult to be precise about the duration of this 
phase, it clearly preceded the 125 kyr climatic optimum of the 
last (Eemian) interglacial. It seems more realistic to associate it 
to the transition between Stages 6 and Se of the oceanic O 
record”. A few dates averaging around 90 kyr and around 
40 kyr suggest two more recent but less extensive humid 
episodes, with small lakes within some of the depressions. 

As in most Saharan sites, the prehistoric artefacts are surface 
finds, for the greatest part, but in some cases they have been 
observed in situ in the lake deposits. They belong to at least two 
different cultures. Primarily there are biface tools of middle 
Pleistocene age, presenting typical late Acheulean features. 
Second, characteristic Levalloiso—Mousterian lithics are also 
present. These archaeological periods seem to fit the lake 
chronology. 

From a palaeoclimatic point of view, the major phase of the 
Shati Cardium Lake developed at the end of the middle Pleisto- 
cene and as evidenced by sedimentology, stable isotopes and 
faunal assemblages, was characterized by large fluctuations and 
considerable evaporation, leading to almost ‘marine’ conditions. 
It seems realistic to associate these fluctuations mainly with 
groundwater oscillations. 

We thank Professor Rhodes W. Fairbridge for helpful com- 
ments. 
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Shallow sea fronts, zones of transition between mixed and 
stratified waters, are generally characterized by accumulation of 
biomass’’. Various mechanisms can be suggested for this 
accumulation. Pingree ef al.’ considered that phytoplankton are 
limited on the stratified side by nutrient supply and on the mixed 
side by light intensity, whereas at the front itself, recently 
stabilized mixed water provides conditions for rapid growth. 
Adjacent water masses may also complement each other’s 
nutrient deficiencies. At the western Irish Sea front for example, 
silica has been limiting on the mixed side and combined nitrogen 
on the stratified side, so that the front supported more algal 
growth than either water separately’. Another possibility, as 
fronts are regions of convergence, is advection of suspended 
matter, which may include detritus, phytoplankton and 
zooplankton’. This is unlikely to end with the passive accumu- 
lation of material at the front: bacterial mineralization of 
organic detritus will stimulate phytoplankton growth, bacterial 
and phytoplankton growth will support increased zooplankton 
activity and this in turn will increase the rate of recycling. 
Although little investigated, this mechanism seems to be 
important in a front existing in Liverpool Bay, as we report here. 
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Fig. 1 Position of the Liverpool Bay and western and south- 
western Irish Sea fronts. Position of anchor station (A6) and station 
positions along reference line are indicated. 
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The general hydrographic and chemical features of Liverpool 
Bay have been described by Foster ef al.*. A discontinuity or 
front, running approximately due north along the 4 °W line of 
longitude from Great Orme Head, is a fairly regular feature in 
the Bay. In winter this front depends largely on salinity 
differences arising from river inflow whereas in summer, surface 
heating plays the major part in maintaining it. A study 
completed since the observations reported here shows that the 
situation is complex and that stratification associated with the 
front only becomes established in calm weather (S. Czitrom, 
unpublished results), The intermittent nature of this front 
undoubtedly complicates the biological picture and, for this 
reason, further investigation of bacterial and zooplankton 
activities at fronts is being conducted on the more stable western 
Irish Sea front (Fig. 1). 

Observations were made along a transect at right angles to the 
Liverpool Bay front, which formed part of a grid of stations 
regularly occupied for hydrographical and phytoplankton 
surveys by R. V. Prince Madog (Fig. 1). Station positions were 
corrected to refer to the same tidal phase. Surface temperature 
and salinity were recorded continuously; at each station and 
half-way between regular stations, vertical profiles of tempera- 
ture and salinity were determined (S. Czitrom, unpublished 
results). Microbiological samples were taken with sterile 2.5-] 
glass bottles attached to Johnson~Zobell microbiological 
samplers. Total bacterial numbers were estimated by an acridine 
orange epifluorescence direct counting technique“. Bacteria 
were classified into four size classes and volumes calculated by 
approximating to regular geometric shapes with ranges of 
volumes as follows: ‘mini-bacteria’ (cocci and rods) 0.004- 
0.1 pm’, cocci 0.1-0.4 ym’, rods 0.03-0.2 m° and large rods 
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Fig. 2 Distribution of a, stability factor, V (©) and surface 
density, a, (x); b, bacterial (©) and phytoplankton (@) biomass in 
surface water; and c, bacterial mean cell volume (O) in surface 
water along the reference line indicated in Fig. 1 on 13~14 Febru- 
ary 1978. V is the energy input required per unit depth to bring 
about complete vertical mixing of the stratified water column. 





[Front 
a T N p 26.0 
"Ti R Sabr n 
E 6 ; E 
Ba 4 C 
Ss. S 
2 
b 
300 - 
a > 
3 : 
š g 
= 200 5 
7 i 
: o 
: x 
j < 





© 
e 


© 
eet 
D 


Mean cell volume (um?) 
= 
T 


14 15 16 16a 
Station 


Fig. 3. Distribution of a, stability factor V (O, see Fig. 2 legend) 
and surface density, g, (x); b, bacterial (O) and phytoplankton (@) 
biomass, microbial cellular ATP (T) and cellular ATP/carbon 
ratios (x); and c, bacterial mean cell volume (O) in surface waters 
along the reference line indicated in Fig. 1 on 5 June 1978. 


0.2-0.7 »m*. ATP content was determined according to Holm- 
Hansen and Booth® and chlorophyll a content according to 
Yentsch and Menzel’, Bacterial biomass was calculated in terms 
of carbon from total bacterial volume assuming a density of 
1.1 gcm™’, a dry/wet ratio of 0.2 and a carbon/dry weight ratio 
of 0.5 (refs 10, 11). Phytoplankton biomass was calculated in 
terms of carbon using an organic carbon/chlorophyll a ratio of 
30 tref. 12), Zooplankton samples were obtained by surface 
tows and vertical hauls made through the whole water column. 

In the late winter the vertical distribution of density (a,) along 
the transect showed mixed water offshore and stratified water 
inshore with the front near station 14, a situation clearly related 
to the high inflow of fresh water into the Bay during the winter. 
A similar picture of bacterial distribution, shown in Fig. 2, 
emerged from all four surveys made in winter/early spring. 
Bacterial biomass showed a peak on the inshore side of the front, 
the position of which was clearly defined by steep gradients in 
density and stability factor V (ref. 13). Bacterial biomass, in fact, 
correlates positively with V when stratification occurs. There 
was also a consistent ditterence in distribution of the size classes 
of bacteria, with the minibacteria predominating offshore, and 
the larger forms inshore, of the front. Bacterial biomass was 
always in considerable excess of phytoplankton biomass, which 
showed low levels without obvious relation to the front. In late 
spring/early summer the picture changed and in four surveys 
during this period was as shown in Fig, 3. Bacterial biomass was 
low, without any major difference on the two sides of the front. 
There was, however, the same pattern in size distribution as was 
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found earlier in the year. Phytoplankton biomass now greatly 
overshadowed bacterial biomass and was greatest adjacent to 
the front on the stratified side, a distribution similar to that 
found by Pingree et al.’ at the front in the approaches to the 
English Channel. ATP concentration generally followed 
phytoplankton concentration but was higher than expected at 
the front itself, where there was a peak in microbial ATP/cellu- 
lar carbon ratio. 

When mean values for chlorophyll, bacterial numbers and 
ATP/cellular carbon ratio in the water column were plotted for Front 
the different stations as a function of time, the higher values for 
both chlorophyll and bacterial numbers were seen to have been 2 Ee 


always on the landward side of the transect. Bacterial numbers FEN 
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WA 
Z Gy oo 
5 LB 
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a Front 


un 
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greatest in late spring and early summer with the ATP/cellular 
carbon ratio reaching a peak in between. The mean cell volume 
of the bacteria also increased with time to reach a peak at the 
same time as the chlorophyll. 

Evidence that microbial activity as distinct from biomass was 
high at the front was provided by studies of urea utilization. 
These were made by determining release of “CO, (measured as 


FÀ 
14 eye á SEEN, 
CO, released on acidification plus particulate '*C) from '“C- 
urea added to samples incubated on deck in the light (700 Ix) and 
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were highest in early spring and chlorophyll concentration was 
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in the dark at 21°C. Both phototrophic and heterotrophic 3 Total copepods 
breakdown of urea per unit volume of water, which were E Adult copepod 
positively correlated, occurred at rates three to four times higher > DA - i PEROS 
at the front than away from it (Fig. 4). Urea is metabolized by AE a Juvenile copepods 
both bacteria and algae and evidence presented by Butler ef al." pont area ona , 

indicates that urea, among other nitrogenous organic l ay E 

substances, may also be an important source of nitrogen for ers 

some phytoplankton species. Urea concentrations, measured by ve Sos = 
the method of McCarthy’, were highest at the front (~ 1 ugl’ 13 14 15 16 ve 
at 5 and 10h in the series of observations shown in Fig. 4, Station 

compared with ~0.1 »gl™' at other times). Urea in offshore 








Fig. 5 Distribution of adult and juvenile copepods along the 
i reference line indicated in Fig. 1 during a, March 1978; b, May 
| Stratified Front Mixed Front Stratified 1978; and c, July 1978. 


waters is not derived from discharges from the land but seems to 
be produced in situ, possibly by zooplankton (Turley, unpub- 
lished results)—in accordance with this, zooplankton were 
found to be concentrated at the front. Surveys in March, May 
and July 1978 found that total numbers of zooplankton at the 
W | e front were between two and eight times higher than at stations 
on either side. Not only were there greater numbers of 
‘ zooplankton but zooplankton development seems to have been 
more advanced at the front than elsewhere. When copepod 
| distribution was examined, juveniles were found to reach a peak 
in this position in March and May whereas in July the peak was 
largely formed by adults (Fig. 5). This requires substantiation 
but we believe that breeding of copepods at the front is about 30 
days in advance of the norm elsewhere in Liverpool Bay. 
Thus, our results, which will be reported in more detail 
elsewhere, point to the activities of the various living 
components advected into a front being mutually accelerating. 
The greater numbers of bacteria inshore and in the winter 
suggest that they are mainly dependent on particulate and 
dissolved organic matter brought in by land run-off and these 
high populations seem from microscopical observations to be 
associated with particulate matter. Novitsky and Morita'® 
have related small cell size in a marine Vibrio to starvation 
conditions: both greater bacterial size and high ATP/cellular 
carbon ratios might therefore indicate that supply of bacterial 
nutrients is greater inshore and at the front than offshore. The 
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Fig. 1) from 0612 to 1900 h, 4 May 1977, showing a front passing eo see | 
back and forth under tidal influence. a, Distribution of phototro- tion of extracellular products by phytoplankton, as observed by 
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phic (©) and heterotrophic (@) urea assimilation rates and in situ Herbland m upwelling waters, 3 pr esumably masked by effects 
urea concentration (C1) at 10 m depth; b, salinity profile: contours of terrigenous organic material, but the coincidence of peaks in 
are at intervals of 0.1% and have been drawn by an objective both heterotrophic and phototrophic breakdown of urea in May 

contouring programme. (Fig. 4) suggests that intensification of bacterial activity occurs at 
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the front when there is a large phytoplankton population. It may 
also’be significant that the mean bacterial size was greatest 
during the phytoplankton bloom. The high ATP/cellular carbon 
ratios at the time of transition from the bacteria to algal- 
dominated state, suggest that the microbial population was then 
in a particularly active state of catabolism’, 

Zooplankton may be advected into the front and may also 
actively congregate there but then, because of the abundance of 
food, first in the form of particulate matter and bacteria and later 
in the form of phytoplankton, show accelerated development. 
Zooplankton grazing and excretion would in turn be expected to 
enhance the rate of recycling at the front. 
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The adhesion of cells to the connective tissue matrix is com- 
monly thought to be governed by fibronectin, a pericellular 
glycoprotein with binding sites for cell surfaces, collagen and 
glycosaminoglycans, Here we report evidence that Chinese 
hemster ovary (CHO) cells possess an alternative mechanism 
for adhesion which is independent of fibronectin. Cells of a 
variant CHO clone called AD‘F11 are defective in their ability 
to adhere to fibronectin-coated substrata, but can adhere to a 
substratum coated with SAM (substrate-attached material), a 
pericellular material produced by fibroblasts. The adhesion of 
wild-type CHO cells to fibronectin-coated substrata and 
adhesion of AD‘F11 cells to SAM-coated substrata are 
differentially sensitive to proteolytic treatment. This suggests 
that there are two distinct adhesion mechanisms for CHO cells, 
only one of which is dependent on fibronectin. 


* To whom correspondence should be addressed. 
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Fig. 1 Adhesion of WT and AD‘F11 cells to SAM- and serum- 
coated substrata. The preparation of SAM- and serum-coated 
substrata, and the adhesion assay have been described elsewhere’®. 
Aliquots of °H-labelled suspension-adapted WT or AD‘F11 cells 
were added to dishes coated with SAM or serum substrata and 
incubated at 37 °C and 5% CO. At various times, the dishes were 
removed from the incubator, washed extensively with PBS, pH 7.2, 
thus removing the non-attached cells and the fraction of radio- 
activity remaining on the plate due to the attached cells was 
determined. a: C], WT cells on serum; W, WT cells on SAM. b: ©, 
AD*F11 cells on serum; @, AD‘F11 cells on SAM. Each point 
represents the mean of three determinations. The SAM used in 
these experiments was prepared from confluent human diploid 
fibroblasts as described elsewhere’, 


Variations in the capacity of a cell to make and break adhesive 
connections with other cells and with the extracellular matrix 
have been implicated in a number of important biological 
processes including organogenesis, wound healing and the 
invasive and metastatic behaviour of tumour cells’, Recent 
studies of cell adhesion have focused on the role of the fibro- 
nectins, which are high molecular-weight glycoproteins found 
on cell surfaces, in the interstitial matrix and in plasma*’. 
Fibronectins can interact with the cell surface and with several 
types of macromolecules including collagen*”’, glycosamino- 
glycans'*"’, fibrin’? and possibly glycolipids’*; the binding pro- 
perties of fibronectin, together with its pericellular location, 
suggest that this molecule provides an adhesive link between the 
cell surface and the extracellular matrix, Both the plasma and 
cellular forms of fibronectin can promote the adhesion and 
spreading of a number of transformed fibroblast cell lines on 
collagen-coated surfaces’*, while cellular fibronectin can also 
restore a more ‘normal’ morphology to transformed fibro- 
blasts'*. It seems evident therefore, that the fibronectin- 
collagen complex is important in fibroblast adhesion. However, 
the possibility that macromolecular or cellular systems other 
than fibronectin may also be involved in adhesion has not been 
extensively explored. Here we present evidence for an alter- 
native mechanism of cell adhesion independent of fibronectin. 

As a tool for studying mechanisms of cell adhesion, we 
recently isolated and characterized a series of CHO cell variants 
(AD* (adhesion variant) cells) which are markedly defective in 
their ability to adhere to fibronectin-coated collagen’®; these 
cells also fail to adhere to serum-coated surfaces, as fibronectin 
is the major adhesion-promoting molecule in serum. Although 
AD” cells have lost the ability to adhere to a fibronectin-coated 
substratum, these cells can attach and spread normally on 
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Fig. 2 Micrographs of 
WT and AD‘Fil on 
SAM- and serum-coated 
substrata. Dishes pre- 
coated with SAM or 
serum were preparared as 
described in Fig. 1 legend. 
Aliquots of AD*F11 or 
WT cells were added to 
the precoated dishes and 
incubated at 37°C and 
5% CO.. After 90 min 
the dishes were washed 
with PBS and the remain- 
ing attached cells were 
fixed with 0.1% glutaral- 
dehyde in PBS. The ceils 
were observed by phase 
contrast photomicro- 
scopy. a, WT cells on 
serum; b, AD*F11 cells 
on serum; c, WT cells on 
SAM; d, AD‘F11 cells 
on SAM. 


substrata coated with other ligands which are capable of forming 
multivalent attachments to cell surfaces (for example, 
concanavalin A, polylysine). In addition, we found that AD” 
cells can attach and spread on substrata coated with SAM, a 
pericellular substratum-attached material which is derived from 
fibroblasts and which has been reported to enhance the adhesion 
of some types of cells”. 

When fibroblasts are removed from a substratum by treat- 
ment with chelating agents such as EGTA, a pericellular 
material is left on the surface. This material, known as SAM or 
‘footpads’ is a complex mixture of macromolecules including 
proteins (fibronectin and actin are two prominent 
components)'*, glycosaminoglycans and phospholipids’”°, and 
is organized into small vesicular structures surrounded by 
amorphous or fibrous deposits’’**. AD” cells can adhere and 
spread on SAM-coated substrata, presumably because the cells 
can bind to one or more of the macromolecules in the SAM 
complex. We demonstrate that the adhesion of wild-type (WT) 
CHO cells to fibronectin-coated substrata and the adhesion of 
AD* CHO cells to SAM-coated substrata are mediated by 
different mechanisms, which suggests that there are two 
separate systems for cell adhesion. 

The adhesion behaviour of WT and AD* cells on SAM-coated 
substrata and on serum-coated substrata is shown in Fig. 1. WT 
cells adhered rapidly and extensively (80-95% ) to both types of 
substrata; by contrast clone AD*‘F11 cells adhered readily 
(80% } to SAM-coated substrata, but failed to adhere (<3%) to 
serum-coated substrata. Figure 2 shows that the WT cells which 
attached to SAM- or serum-coated substrata went on to spread 
and assumed similar morphologies on the two surfaces. AD‘F11 
also spread and attained a fairly normal CHO cell morphology 
on SAM substrata. 

Treatment of SAM with several perturbing agents (Table 1a) 
did not impair its suitability as an adhesive substratum for WT 
and AD‘F11 cells; SAM treated with the non-ionic detergent 
Triton X-100 (TX-100), with chondroitinase ABC or with 4M 
urea sustained cell adhesion as well as control SAM substrata. In 
these experiments >85% of sulphated glycosaminoglycans 








Table 1 Perturbation of adhesion to SAM 


a. Treatment of SAM 


TX-100 Ch ABC Thrombin 
Clone Control (0.1%) (0.5Um') (G0U mt) 
WT 100 95,2+5.9 98.6+4.6 99.7+3.0 
AD* Fil 100 94.2+16.4 98.3+1.5 97.5+1.5 
Urea Trypsin 
Clone Control (4M) (5 ug ml!) 
WT 100 99.8+9.8 42.2+8.6 
AD* Fil 100 98.9+ 10.0 12.5+4.5 
b. Treatment of cells 
Thrombin Trypsin 
Clone Contro) (10UmI™'} (pgm) 
WT 100 91.3+414.1 100.62+4.6 
AD’ Fil 100 65.7+6.8 12.423.3 





Effects of various agents on the adhesion of AD“ F11 and WT cells to 
SAM substrata. Substrates precoated with SAM were prepared as 
described in Fig. 1 except that, on removal of the detached fibroblasts, 
the dishes were further extracted with various agents. Thus dishes were 
incubated with 0.5 U ml”! chondroitinase ABC (Ch ABC, Miles) or 
10 U ml”? thrombin (Sigma) in adhesion buffer, with 4 M urea or with 
0.1% TX-100 in phosphate-buffered saline (PBS), pH 7.2, all for 40 min 
at 37°C, or with 5 pg ml” crystalline trypsin in PBS for 10 min at room 
temperature. After extraction, the dishes were washed with PBS and the 
attachment of WT and AD*F11 after 90 min was determined as 
described in Fig. 1 legend. The data are expressed as the per cent of cells 
attached to treated plates against per cent attached to control SAM 
plates treated only with adhesion buffer. To evaluate the extent of the 
extraction procedures, SAM substrata derived from fibroblasts 
incubated with 10 pCi ml”! *°S-sulphate to lable GAGs, 10 pCi ml’ 
*H-leucine to label proteins, or with 10 pCi ml”! °H-oleic acid to label 
phospholipid, were similarly extracted and the fraction of radioactivity 
remaining on the plate determined (data in text). The data represent the 
mean and standard error of at least three experiments, each comprised 
of three or more determinations. Note that the SAM substrata probably 
also contain regions where the tissue culture dish is coated with serum, as 
the fibroblasts which produce SAM were originally grown in medium 
containing serum. Adhesion buffer comprised alpha MEM with 
I mgml ` bovine albumin. 
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Fig. 3 The adhesion of trypsin-treated WT and AD” cells to 
SAM- or serum-coated substrata. Suspension-adapted °H- 
labelled WT or AD’F11 cells were treated with various concen- 
trations of trypsin in PBS for 10 min at room temperature. Diges- 
tion was stopped by the addition of 50 volumes of ice-cold adhesion 
buffer containing 5 mg ml” ' BSA followed by extensive washing of 
the cells; the cells were then assayed for their ability to attach to 
substrata coated with SAM or serum as described in Fig. 1 legend. 
To avoid the possibility of re-synthesis of surface components*~, 
the adhesion assay was limited to 30 min at 37 °C— sufficient time 
for the adhesion process to near completion. ©, Trypsinized WT 
cells on serum substrata; ©, trypsinized AD‘F11 cells on SAM 
substrata. Each point represents the mean of at least three 
determinations. 


(GAGs) in SAM were removed by treatment with TX-100, 
chondroitinase ABC or 4 M urea; >75% of protein in SAM was 
removed by TX-100 or 4M urea; >95% of the phospholipid 
was removed by TX-100; otherwise removal of GAG, protein 
and lipid was <25%. By contrast, treatment of SAM with low 
doses of trypsin (which removed ~75% of SAM protein) caused 
a marked reduction in its ability to support cell adhesion. In 
further experiments (Table 14), treatment of AD’F11 cells with 
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Fig. 4 Effect of anti-fibronectin antibody on adhesion. SAM- 
coated substrata were prepared as described in Fig. 1 legend. 
Collagen substrata (gelatinized rat-tail tendon collagen) were 
prepared as described elsewhere” and were coated with 
200 pg ml”! affinity-purified human serum fibronectin (CIG). 
Both types of substrata were incubated in PBS with or without 
rabbit anti-human CIG diluted 1:10 for 90 min at room tempera- 
ture. Thereafter the substrata were rinsed extensively with PBS 
ard the adhesion of WT or AD‘F11 cells during a 90-min period at 
37° C was measured, as described in Fig. 1 legend. Data represent 
the mean of three determinations. The data are normalized, based 
on the adhesion of WT cells to fibronectin-coated collagen (no 
antibody treatment) as 100%. a, Fibronectin-coated collagen sub- 
stratum; b, SAM substratum. +, Pretreated with anti-fibronectin 
antibody; —, untreated. 
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thrombin or with low-doses of trypsin markedly inhibited cell 


= adhesion to SAM; by contrast WT adhesion to either SAM- or 


serum-coated substrata was unaffected by equivalent protease 
treatments of these cells. 

These results suggest that AD” cell attachment to SAM might 
be mediated by an interaction between cell-surface proteins and 
protein components in SAM. In addition, WT adhesion to 
serum-coated substrata and AD” cell adhesion to SAM sub- 
strata might involve different cell components and mechanisms. 
This was confirmed by the experiments shown in Figs 3 and 4. 
Figure 3 shows that the cell-surface components involved in 
attachment of AD” cells to SAM substrata were far more trypsin 
sensitive than the surface components involved in WT attach- 
ment to serum-coated substrata. The concentration of trypsin 
required to reduce adhesion of WT to serum substrata by 50% 
was 200 ug mi~™+, but only 2 ug mi™` for AD” adhesion to SAM 
substrata. 

The role of fibronectin in the adhesion of WT and AD” cells 
was also evaluated using an anti-fibronectin antibody (Fig. 4). 
After treatment of the substratum with antibody, WT cells failed 
to adhere to fibronectin-coated collagen. However, antibody 
treatment of the SAM substratum did not impair the adhesion of 
WT or AD‘F11 cells. Because the antibody effectively blocked 
fibronectin-mediated adhesion, its failure to block attachment 
to SAM implies that fibronectin is not directly involved in this 
process. 

These results suggest the existence of two distinct mechanisms 
for adhesion in CHO cells, the first of which involves an asso- 
ciation between fibronectin on the substratum and cell-surface 
components which are relatively trypsin resistant?°—this 
mechanism is utilized in WT CHO attachment to fibronectin- 
coated substrata, The second mechanism involves an association 
between trypsin-sensitive surface components and one or more 
substratum attached macromolecules other than fibronectin-— 
this mechanism is used in AD*F11 attachment to SAM-coated 
substrata. It is likely that both mechanisms operate in WT cells, 
but that AD” cells lack the fibronectin mediated mechanism. It 
seems premature at this stage to decide on the precise identity of 
the molecules involved in AD” cell attachment to SAM. The 
results given in Table 1 and Fig. 4 suggest that neither GAGs nor 
fibronectin are involved; the possible involvement of fibroblast- 
secreted collagen or of other SAM components remains to be 
determined. 
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Functional asymmetries between the two sides of the brain, a 
well documented phenomenon in species as different as frog and 
man’, are thought to arise from genetically determined ana- 
tomical differences which, at least in humans, may be observed 
in utero’. Functional asymmetries can, however, be reversed 
after damage to one side of the brain*. Here we report that 
rearing of kittens with the optic chiasm sectioned and one eyelid 
sutured during postnatal development results in a functional 
asymmetry in the corpus callosum, a bidirectional pathway 
which inter-connects the visual cortices on the two sides of the 
brain. Visual input originating on the side of the brain ipsilateral 
to the sutured eye loses the ability to influence cells on the other 
side of the brain. Conversely, visual input originating on the side 
of the brain ipsilateral to the exposed eye markedly increases its 
influence in the other hemisphere. 
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Fig.1 a, General organization of the visual system in frontal-eyed 
mammals. Nerve fibres leave each eye and meet at the optic chiasm 
where fibres from the nasal hemi-retinae cross to the other side of 
the brain and those from the temporal hemi-retinae remain on the 
same side. Retinal inputs terminate in the LGN from where fibres 
project to the ipsilateral visual cortex. The corpus callosum inter- 
connects the visual cortices on the two sides of the brain, In the 
split-chiasm cats whose ocular dominance distribution is shown in 
b, the optic chiasm was subjected to midsagittal section when the 
animals were adults. This interrupts retinal input to the opposite 
side of the brain but leaves ipsilateral input intact. The abscissa of 
the ocular dominance distribution represents the relative excita- 
tory contribution of the two eyes with increasing influence of the 
ipsilateral eye represented by successively higher numbers on a 
scale from 1 to 7 (ref. 16). The ordinate represents the number of 
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The preparation used is shown in Fig. la. Four kittens were 
reared normally from birth until 21 days of age, when they were 
subjected to surgical section of the optic chiasm and at the same 
time the left eyelid was sutured shut*®. The kittens then received 
visual exposure in a normally lit environment until they were 4 
months old. Optic chiasm section restricts visual input from one 
eye to one hemisphere by severing optic nerve fibres which cross 
to the opposite side of the brain. Suturing of the left eyelid 
prevents visual input from reaching the left visual cortex via the 
direct ipsilateral pathway through the lateral geniculate nucleus 
(LGN). The only route by which visual input can reach the left 
visual cortex in these kittens is a pathway from the right eye 
through the right LGN and visual cortex, then across the corpus 
callosum to the left visual cortex. 

To compare the effectiveness of the direct visual route via the 
LGN with the indirect pathway described above in normally 
reared animals, we sectioned the optic chiasm in three adult cats 
and then recorded the visual responses of single cells at the 
border of cortical areas 17 and 18, where the corpus callosum is 
known to terminate’, using conventional methods described 
elsewhere’®. The distribution of ocular dominance for cortical 
units found in these cats is shown in Fig. 1b, where the abscissa, 
numbered from one to seven, represents the relative excitatory 
input from each eye. After chiasm section in adult cats, most of 
the units encountered receive stronger input from the ipsilateral 
eye than the contralateral eye, indicating that the direct route 
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cells encountered in each ocular dominance group. Most cells are more strongly influenced by stimulation of the ipsilateral eye in these cats, but 
many cells receive at least some input from the contralateral eye via the callosal pathway shown in a. c, ‘Deprived hemisphere’, d, ‘Exposed 
hemisphere’: the ocular dominance distribution on the two sides of the brain in kittens in which the left eyelid was sutured at the same time as the 
chiasm was sectioned. In the hemisphere ipsilateral to the exposed eye all cells encountered were influenced solely by the exposed eye. In the 
other visual cortex, ipsilateral to the deprived eye, most cells received their major input from the eye on the opposite side of the brain despite the 
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outlined above is more effective than the indirect pathway via 
the corpus callosum®’*, Over 80% of the units encountered 
could however, be driven, to some extent, by stimulation of 
either eye. Despite the fact that the receptive field properties for 
the two eyes were determined by thalamic and callosal input 
respectively, visual response characteristics such as orientation, 
direction, and velocity selectivity were similar for a given 
neurone, regardless of which eye was stimulated. When one 
hemisphere was inactivated in these split-chiasm cats, all visual 
input to the remaining hemisphere was from the ipsilateral 
eye, which supports anatomical findings that the contra- 
lateral eye input reaches the cortex via the indirect route 
outlined above. 

We recorded visual responses of single cells from the visual 
cortex on both sides of the brain in the four kittens in which one 
eyelid was sutured at the same time as chiasm section was 
performed. Multiple penetrations made oblique to the cortical 
surface ensured that a wide region of cortex near the 17/18 
border was explored. The results are shown in Fig. 1d. On the 
side of the brain ipsilateral to the nonsutured eye, the ‘exposed 
hemisphere’, all units encountered were driven exclusively via 
stimulation of the exposed eye. No units were driven through the 
eye which had been sutured until the recording session began— 
this indicates a functional loss of input originating from the other 
side of the brain in these animals and mimics the situation in 
which that hemisphere is inactivated*'’. Recording from the 
side of the brain ipsilateral to the previously deprived eye in 
these same kittens (‘deprived hemisphere’, Fig. 1c), we found 
that the effectiveness of input originating via the contralateral 
(exposed) eye was greatly enhanced relative to that found in 
adult split-chiasm cats. Inputs from this eye were clearly more 
effective than inputs from the deprived eye in driving most 
cortical cells. This indicates a substantial increase in the 
effectiveness of inputs originating on the side of the brain 
receiving visual stimulation during development relative to 
those from the deprived eye. 

Our results show that the functional effectiveness of callosal 
connections can be markedly enhanced or diminished on 
different sides of the same brain. In effect, the corpus callosum 
has been transformed from a bidirectional pathway into a 
one-way route. Information originating in the ‘exposed’ hemi- 
sphere flows to the ‘deprived’ hemisphere but not in the reverse 
direction. These physiological findings are supported by the 
results of anatomical studies which show that the terminal field 
of the corpus callosum is markedly expanded in the ‘deprived’ 
hemisphere relative to the ‘exposed’ hemisphere’*. This induced 
functional asymmetry shows that the postnatal exposure history 
of the animal can modify the effectiveness of cortical output 
pathways in a similar manner to that by which it alters the 
effectiveness of inputs to the cortex'*"*>, 

This research was supported by USPHS grant EY92248 and 
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The fission yeast, Schizosaccharomyces pombe, has been used 
extensively for genetic studies but until now it has not been 
utilized as a host organism for DNA cloning. Here we describe a 
method for high-frequency transformation of a leu 1° strain of 
this yeast with hybrid plasmids containing the Saccharomyces 
cerevisiae LEU 2* gene, a bacterial plasmid and either the S. 
cerevisiae 2 um plasmid or autonomously replicating sequences 
(ars)' derived from S. pombe DNA. Some of the plasmids 
contain unique restriction sites which make them suitable for the 
isolation of S. pombe genes, and they can also be used for the 
exchange of DNA between S. pombe and S. cerevisiae. 

The plasmid, pJDB248, incorporates the S. cerevisiae LEU 
2* gene which codes for B-isopropylmalate dehydrogenase, the 
bacterial plasmid pMB9 and the entire 2 um plasmid’. It can be 
propagated in both Escherichia coli and S. cerevisiae, and trans- 
forms the leu 2° S. cerevisiae strain MC16 (a leucine auxotroph 
lacking B-isopropylmalate dehydrogenasc), at a frequency of 
2 x 10* transformants per ug DNA. We have tested the ability of 
this plasmid to transform leu~ auxotrophic strains of S. pombe to 
LEU”. Protoplasts were prepared from three strains, leu 1.32, 
leu 2.120 and leu 3.155. The procedure makes use of an extract 
of Trichoderma harzianum, Novo SP234 (Novo Enzymes), a 
rich source of 1-3, glucanases (I, Isenberg, personal com- 
munication). Such Trichoderma extracts have been shown pre- 
viously to digest the wall of S. pombe, to give protoplasts’. 
Protoplasts were washed three times in an osmotic buffer, 1.2 M 
sorbitol, to remove lytic enzymes, and incubated with plasmid 
DNA in the presence of CaCl, and polyethylene glycol essen- 
tially as described in ref. 2. After a further period of incubation 
in a leucine-supplemented medium, the protoplasts were plated 
directly onto minimal medium with 1.2 M sorbitol without using 
an agar overlay and incubated at 32°C for 4-5 days. The 
detailed method is given in Fig. 1 legend. 

After this procedure only the /eu 1.32 protoplasts give rise to 
colonies at a frequency greater than that of back-mutation. In 
the conditions used, pJ]DB248 transforms this strain to LEU” at 
a frequency of 104 transformants per ug DNA and 1 trans- 
formant per 10* viable regenerated protoplasts. The frequency 
of back-mutation of this strain is <1 in 107. S. cerevisiae 
transformants of pJDB248 show frequent loss of the plasmid 
and consequent reversion to a leu~ phenotype. The stability of a 
S. pombe transformant of pJDB248 was tested and the propor- 
tion of LEU” cells in a culture grown for 10 generations under 
selection in unsupplemented minimal medium was found to be 
80%, indicating that the S. pombe transformants are also 
unstable. The presence of the plasmid in transformed leu 1.32 
clones was demonstrated by preparing DNA from lysates of the 
yeast, and hybridization to a probe of the bacterial component of 
the plasmid using the Southern procedure‘ (Fig. 1). Track 7 of 
the autoradiograph contains DNA from the untransformed leu 
1.32 strain and shows no detectable hybridization. However, 
tracks 5 and 6 containing DNA from two separate pJDB248 
transformants show hybridizing bands with electrophoretic 
mobilities corresponding to the supercoiled (rapidly migrating) 
and open circular or possibly dimeric (slowly migrating) forms of 
the plasmid. 

These experiments show that S. pombe can be transformed at 
high frequency by the plasmid pJDB248, which contains no 
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S. pombe DNA. They also show that the S. cerevisiae LEU 2° 
gene is expressed in S. pombe and that the $. pombe LEU 1° 
gene must code for B-isopropylmalate dehydrogenase. In addi- 
tion, the §. cerevisiae 2 um plasmid is probably capable of 
autonomous replication in S. pombe, as it is this part of pJDB248 
which is likely to be responsible for plasmid replication. 
However, not all hybrid plasmids containing the 2 um plasmid 
and the LEU 2° gene, and able to replicate in S. cerevisiae, can 
transform $. pombe at high frequency. An example is pJDB207 
which contains only the 2.1-kilobase EcoRI fragment of the B 
form of the 2 um plasmid, and which transforms 2 um” strains of 
S. cerevisiae at high frequency and has a high copy number (J. 
Beggs, personal communication). This plasmid transforms $. 
pombe leu 1.32 at low frequency (~ 20 transformants per ug 





Fig. 1 Autoradiograph of **P-labelled pAC184 hybridized to a 
Southern transfer of undigested DNA of yeast transformants. 
Tracks 1 and 2, transformants of pDamP,; tracks 3 and 4, trans- 
formants of pDamP;; tracks 5 and 6, transformants of pJDB248; 
track 7, untransformed host strain. Cells to be transformed were 
grown to late exponential phase (1-2 x 10’ cells m7’) in leucine- 
supplemented (250 mg 17’) minimal medium’®. They were collected 
by centrifugation, washed with 20 mM citrate-phosphate, pH 5.6, 
and resuspended in the same buffer containing 40 mM EDTA, 
0.14 M mercaptoethanol. After incubation at 32 °C for 30 min, the 
cells were resuspended in 20 mM citrate-phosphate, pH 5.6, 
containing 1.2 M sorbitol and 5 mg mi~% SP234 at 32°C. After 
45-60 min by which time protoplasts had formed, the cells were 
washed three times in 10 mM Tris-HCl, pH 7, 6, 1.2M sorbitol, 
Cells were resuspended at approximately $ x 10° cells ml7' in 10 
mM Tris-HCI, pH 7.6, 1.2 M sorbitol, 10 mM CaCl, and 10 ug 
ml’ plasmid DNA. After incubation for 15 min at 25 °C, 10 vol of 
10 mM Tris pH 7.6, 10 mM” CaCl, 20% (w/v) polyethylene glycol 
4000 (BDH) were added and incubated for a further 15 min. 
Finally the protoplasts were pelleted by centrifugation and resus- 
pended at § x10’ cells ml™* i in 10 mM Tris, pH 7.6, 10 mM CaCl, 
5 ugm!“ leucine, 0.5 mg mi! yeast extract and 1.2 M sorbitol for 
30 min at 32 °C. 0.2-ml aliquots (10’ cells) were plated directly on 
to 2% agar minimal plates containing 1.2 M sorbitol without using 
an agar overlay and incubated at 32 °C. The percentage of proto- 
plast regeneration, which was usually ~ 30%, was estimated using 
plates supplemented with leucine. Colonies grew up on the plates 
within 4-5 days. DNA was prepared from yeast by protoplast 
formation as previously described, followed by lysis in 10 mM 
Tris-HCl, pH 7.6, 10 mM EDTA, 2% SDS, 100 ug ml? pro- 
teinase K at 65°C. After incubation for 30 min, the lysate was 
extracted with phenol and precipitated with 0.54 vol of isopropanol 
in 0.3-M sodium acetate. The precipitate was resuspended in 10 
mM. Tris-HCl, pH 7.6, 1mM EDTA. The DNA samples were 
electrophoresed through a 1% agarose gel and transferred to a 
nitrocellulose filter*. The filter was hybridized with °*P-pAC184 
(500,000 d.p.m.) prepared by nick translation, washed and 
exposed to Kodak X-OMAT H film with an intensifying screen at 
~60°C for several days. 
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Fig.2 Plasmid map of pDB248. This plasmid was derived from 
pJDB248 by partial digestion with Ece RI followed by ligation with 
a complete EcoRI digest of pBR322. E. coli (JA221) were trans- 
formed to Leu B“ and ampicillin resistance. pDB248 was one such 
transformant and contains pBR322 and the 4.4-kilobase EcoRI 
fragment of pJDB248. The EcoRI sites and unique PstI, Hindlll, 
BamHI and Hpal sites are shown. Amp; region coding for ampi- 
cillin resistance; Tet, region coding for tetracycline resistance. 


DNA), possibly as a result of integration of the plasmid into the 
chromosome. Also pJDB219 (ref. 2), which contains the full- 
length 2 um plasmid and has a high copy number in S. cerevisiae, 
transforms S. pombe at an even lower frequency (~ 2 trans- 
formants per pg DNA). The reasons for the low frequency of 
transformation are not apparent. 

To have a plasmid capable of high-frequency transformation 
of S. pombe which is suitable for insertion of further genes (for 
example in the construction of an $. pombe gene bank), 
pJDB248 has been modified. The bacterial pMB9 sequence has 
been replaced with pBR322, and the 2.3-kilobase EcoRI frag- 
ment of the 2 um plasmid has been removed. The resulting 
10.1-kilobase molecule, pDB248, carries both tetracycline and 
ampicillin resistance, and transforms S. pombe with the same 
frequency as pJDB248. Transformants of pJDB248 and 
pDB248 also have the same level of instability. pDB248 has 
unique restriction sites for PstI, HindIII], BamH1 and Hpal 
which makes it a suitable cloning vehicle (see Fig. 2). 

To extend further the range of potential vectors which can be 
used to clone DNA in S. pombe we tested the transformin $ 
ability of eight previously constructed plasmids (pDam Y 1-8) 
containing the bacterial plasmid pBR325, the LEU 2° gene and 
fragments of chromosomal DNA from S. cerevisiae which 
promote autonomous replication of plasmids in that yeast. 
These plasmids transformed S. pombe only at low frequency 
suggesting that these particular $. cerevisiae ars sequences. are 
not recognized by S. pombe. For this reason new plasmids 
containing S. pombe rather than S. cerevisiae DNA were con- 
structed by insertion of PstI fragments of S. pombe DNA into 
pDam 1 (pBR325 containing the LEU 2° gene). The plasmids 
were constructed by ligation of PstI-digested pDam 1 (ref. 5), 
and a partial PstI digest of S. pombe DNA. The ligated mixture 
was used to transform Æ. coli strain JA221 to chloramphenicol 
resistance. Forty ampicillin-sensitive colonies containing Pst] 
inserts into pDam 1 were picked, and mini-DNA preparations 
were made and each tested for ability to transform S. pombe. Of 
these 40 plasmids, 9 gave high-frequency transformation of the 
leu 1.32 strain (pDam P3.13). However, the level of trans- 
formation obtainable with these plasmids is at least 10-fold 
lower than that with pJDB248. The transformants are unstable, 
with the proportion of LEU” cells in cultures grown under 
selection ranging from 35 to 95%, depending on which pDamP 
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plesmid was present in the transformant. Free copies of the 
plasmid were also detected in the four transformants tested (Fig. 
1). It is not clear whether the size difference of the plasmids 
obtained from the two independent pDam P, transformants 
(tracks 3 and 4) was the result of plasmid propagation in E. coli 
or S. pombe, We conclude that the nine Pst] fragments derived 
from S. pombe DNA contain autonomously replicating 
sequences as previously defined’. It is uncertain whether these 
ars fragments contain true origins of replication from the S. 
pombe chromosome or are sequences with no chromosomal 
replicative function, but which happen to be able to ‘support’ the 
plasmid in the $. pombe cell. 

We have described a highly efficient system for transfor- 
mation of S. pombe similar to that developed for S. cerevisiae. 
The plasmid pDB248 contains unique restriction sites which 
makes it suitable for isolation of S. pombe genes. It can also be 
used to exchange DNA between the two quite different types of 
yeast. The finding that pJDB248 and pDB248, which contain no 
S. pombe DNA, can replicate in this yeast suggests wide appli- 
cation of the S. cerevisiae 2 um circle for DNA cloning in other 
eukaryotic cells. 
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Fanconi’s anaemia (FA) is an autosomal recessive disorder 
characterized by a high frequency of ‘spontaneous’ 
chromosomal aberrations’ and an increased risk of cancer’. If, 
as seems plausible, the microscopically visible chromosomal 
aberrations in this disorder result from DNA or chromatin 
damage that would normally be repairable, the questions arise 
as to which step (or steps) in the repair process is deficient and 
whether the deficiency is intrinsic or the result of secondary 
factors. We report here that the frequency of chromosomal 
aberrations in FA lymphocyte cultures is positively related to 
oxygen tension and suggest that the site primarily affected by the 
FA mutation is in the complex system of defence (that is, 
protection and repair) against the genetic toxicity of oxygen. 

Whole-blood cultures stimulated by phytohaemagglutinin 
were incubated for 72 h at various oxygen tensions and screened 
for chromosomal aberrations. The range of oxygen tensions, 
2~50% oxygen, was determined by depression of the mitotic 
index of both normal and FA cells in more extreme conditions. 
The frequency of chromosomal aberrations as a function of 
oxygen tension was found to be markedly different for normal 
subjects and FA patients. 
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For normal cells (Fig. 1) the frequency of aberrations was 
found to be almost constant at a mean of 2 (range 0-4) breaks 
per 100 metaphases. For FA cells, however, the frequency of 
aberrations increased dramatically with oxygen tension. 

These observations show that FA cells are much more 
sensitive to cytogenetic oxygen toxicity than normal cells and 
indicate a role of oxygen in the process leading to chromo- 
somal aberrations. Obvious candidates for oxygen-dependent 
chromosome damaging agents are the partially reduced 
(‘activated’) forms of oxygen, that is, superoxide-free radicals 
(O35), hydrogen peroxide (H,O,), hydroxyl free radicals (OH+) 
and singlet oxygen ('O.). These ‘oxygen radicals’ are formed as a 
result of normal oxygen metabolism’ and could contribute to 
chromosomal damage in two ways (Fig. 2): (1) by chemical 
interaction with the chromatin, either directly* or by initiating 
lipoperoxidation, the products of which could interact with 
chromatin, resulting in damage’; (2) by interfering with DNA 
repair enzymes, directly® or via lipoperoxidation products’. 

In normal conditions the above pathways do not lead to 
alarming levels of microscopically visible chromosomal aber- 
rations because of a cellular defence system consisting of 
antioxygenic factors (enzymes such as superoxide dismutases, 
catalase and peroxidases as well as low molecular-weight free- 
radical scavengers and antioxidants). These prevent excessive 
accumulation of harmful products of oxygen metabolism and 
lipoperoxidation and thus protect the genome; the last step of 
the defence process presumably consists of DNA or chromatin 
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Fig. 1. Chromosomal aberrations as a function of oxygen tension. 
Whole blood cultures (0.5 ml heparinized venous blood plus 6 ml 
Ham F10 medium containing 15% fetal calf serum, phyto- 
haemagglutinin and antibiotics, in glass infusion flasks with a total 
volume of 45 ml) were gassed with mixtures containing 1% CO, 
and the indicated percentages of oxygen balanced with nitrogen. 
After 72 h at 37 °C chromosome preparations were made accord- 
ing to an established procedure'’. 100 Giemsa-stained metaphases 
were viewed, on coded slides, for chromosomal aberrations. 
Metaphases with <40 chromosomes, tetraploids and endo- 
reduplications were not scored. Chromatid and isochromatid 
breaks were scored as single breaks; dicentrics, triradials and 
quadriradials as two breaks; more complex interchanges as the 
lowest possible number of breaks required for their reconstruction. 
Gaps were excluded. Control values, obtained from three indivi- 
duals on three different occasions, lie within the shaded area. The 
symbols indicate different (unrelated) FA patients: @ (J.dW.), a 
20-year-old male; [J (P.W.), an 8-year-old male; © (R.H.), an 
11-year-old male, and +(G.W.), a 10-year-old female. 
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Fig.2 Possible pathways in the genetic toxicology of oxygen. Ož, 
activated oxygen species. 


repair reactions which remove damage due to products that have 
slipped through the system. In normal cells, the antioxygenic 
defence is still able to cope with mildly hyperoxic conditions, 
whereas in FA cells it seems to fail even in normal culture 
conditions, 
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This result may be clinically relevant as it suggests the possi- 
bility of a therapy for FA patients: there is a possibility that some 
of their symptoms could be mitigated by treatment with dietary 
antioxidants. We are investigating this by testing the effect of 
various antioxygenic compounds on chromosomal damage in 
FA lymphocyte cultures. 

The data presented here do not establish which part of the 
antioxygenic defence (protection and repair) system is primarily 
defective in FA cells. As there are thought to be many cellular 
components involved in this defence system, a diversity of 
primary defects could be responsible for the enhanced 
chromosomal damage in FA, all resulting in an apparent failure 
of the repair system. There are reports of evidence suggesting 
the existence of a chromatin repair deficiency in FA®'° but no 
intrinsically defective DNA repair component has yet been 
identified. Our observation that the number of ‘spontaneous’ 
chromosomal aberrations in FA depends on oxygen tension, 
suggests that investigation of the mechanisms leading to 
chromosomal damage might be extended to the cellular systems 
of protection against oxygen toxicity. 
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Immunity to Plasmodium chabaudi 
adami in the B-cell-deficient mouse 
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Immunity to malaria has a multicomponent basis which requires 
the participation of both T- and B-lymphocyte systems’. Pre- 
vious studies have suggested that the T-lymphocyte system has 
an essential role in ‘re-infection immunity’ to malaria, but that B 
cells and/or their products are necessary for the host to survive 
acute infection and to clear the blood of parasites during chronic 
malaria’. Thus, B-cell-deficient mice and chickens died of 
fulminant malaria when infected with Plasmodium yoelii and 
Plasmodium gallinaceum, respectively™™*, but when their 
acute infections were controlled with subcurative chemo- 
therapy, B-cell-deficient hosts developed chronic low-grade 
infections and resisted challenge with homologous parasites”. 
In contrast, athymic nude mice failed to control their endo- 
genous P. yoelii infection after the termination of drug therapy 
unless they had been thymus grafted before initiation of acute 
infection’, We now report that Plasmodium chabaudi adami 
(8S6KA) infection in B-cell-deficient mice results in an activa- 
tion of a T-cell-dependent immune mechanism which 
terminates acute malaria in a similar way to that seen in 
immunologically intact mice. Furthermore, these immunized 
B-cell-deficient mice were resistant to homologous challenge 
infection as well as infections initiated with Plasmodium 
vinckei, but not with P. yoelii and Plasmodium berghei. 

Age- and sex-matched hybrid mice (BALB/c x C57BL/10 
and C57BL/6 x CBA) as well as nu/nu and nu/+mice on a 
BALB/c background were bred and reared in our animal 
facilities. Selected litters of mice were rendered B-cell deficient 





by lifelong treatment with goat anti-mouse IgM serum (anti-p) 
using methods described elsewhere‘. Anti-p treated mice, in 
comparison with immunologically intact mice, had no detectable 
levels of IgM and were deficient in spleen cells possessing 
membrane-bound immunoglobulin. B-cell-deficient mice 
continued to circulate goat anti-y in their sera for prolonged 
periods of time and cells from these animals failed to produce 
specific antibody after immunization with sheep erythrocytes, or 
dinitrophenol coupled to keyhole limpet haemocyanin. 
Splenocytes from treated animals did not respond to the B-cell 
mitogen lipopolysaccharide, but showed normal responsiveness 
to the T-cell mitogen, concanavalin A. These mice were as 
readily sensitized to strong contact allergens, for example, 
oxazolone and dinitrofluorobenzene, as normal control mice. 
Prolonged treatment with anti-y activated macrophages locally 
within the peritoneal cavity, as shown by enhanced spreading 
and increased phagocytic activity when these celis were tested in 
vitro. However, there was no systemic activation of macrophages 
after this treatment because colloidal carbon was cleared from 
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Table 1 Selected parameters of immunological reactivity in B-cell- 
deficient mice compared with immunologicaily intact control mice, 45d 
after infection with P. chabaudi 
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Circulating? Mean IFA 
No.of Serum IgM* goat ‘titres 

Treatment™ animals level anti-lgM P., chabaudi 
Anti-p 8 <50 pgm’ + <4 
os 7 > 50 pg mi" -~ 256 
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8-week old mice were infected i.v. with 10° parasitized erythrocytes. 

*(C57BL/6X CBA)F; mice were injected i.p. three times weekly 
from birth with goat anti-IgM. 

+ Determined by Ouchterlony analysis’. 

+ Titres were determined on serial fourfold dilutions of serum 
developed with fluorescein-labelled anti-mouse immunoglobulin and 
expressed as the reciprocal of the highest dilution of serum showing 
fluorescence’. 
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the blood of treated mice at the same rate as observed in 
untreated mice (data not shown). 

Experimental infections with P. c. adami were initiated using 
a stabilate of material originally obtained from D. Wyler (NIH). 
Mice were infected either intraperitoneally (i.p.) with 10° 
parasitized erythrocytes or intravenously (i.v.) with 10° parasi- 
tized erythrocytes. Infections were followed by microscopic 
examination of thin blood films prepared from tail blood and 
stained with Giemsa stain. 

Infections with 10° P. c. adami produced a bimodal curve of 
non-fatal parasitaemia in both B-cell-deficient and immunolo- 
gically intact mice (Fig. 1a). Following the second peak of 
parasitaemia, B-cell-deficient mice developed chronic low- 
grade infections as shown by positive blood films. Sub-inocula- 
tion of heparinized blood from chronically infected B-cell- 
deficient mice 50 days after infection to previously uninfected 
mice produced typical P. c. adami infections, indicating that the 
virulence of the parasites had not been attenuated by passage in 
the B-cell-deficient host. So far, acute infections with P. c. adami 
in more than 90 B-cell-deficient mice of assorted genotypes 
have been resolved successfully with no fatalities. 

As treatment with anti-~ does not result invariably in 
immunosuppression®”’, animals in this experiment were evalu- 
ated for their immunological competence 45 days after initiation 
of infection. As shown in Table 1, the sera of B-cell-deficient 
mice lacked detectable levels of IgM and serum antibodies 
reactive with P. c. adami. In addition, anti-mouse IgM was 
detected in the sera of all B-cell-deficient mice, demonstrating 
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Fig. 1 a, The course of P. chabaudi infections in eight B-cell- 

deficient (@) and in seven immunologically intact mice (W). 9-week 

old (C57BL/6CBA)F, mice were infected iv. with 1x 10° 

parasitized erythrocytes. b, The course of P. chabaudi infections in 

six athymic nude mice (@) and in five euthymic littermates (Wi), 

Mean parasitaemias are shown for 7-week old mice infected ip. 
with 1 x 10° parasitized erythrocytes. 
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Table 2 Specificity of immunity induced by P, chabaudi infection in 
B-cell-deficient mice 





No. of Challenge No. resistant 
Group animals infection No. challenged 
A 5 P. chabaudi 5/5* 
B 6 P. vinckei 6/6* 
C 8 P. berghei 0/8* 
D 5 P. yoelii 0/5t 





6-8-week old (BALB/cxC57BL/10)F,; mice were originally 
infected i.v. with 10° P. chabaudi-parasitized erythrocytes. 

Challenge infections were initiated i.v. with 10° parasites 45 d after 
infection with P. chabaudi. 

* Parasitaemias in challenged animals did not exceed 0.5%. 

t All mice developed fulminant malaria and died within 3 weeks of 
challenge. Infections in previously uninfected B-cell-deficient mice 
followed a similar course. 


that these animals remained suppressed although they had 
received intensive antigenic stimulation. 

The ability of B-cell-deficient mice to control endogenous 
parasites was one indicator of immunity, but demonstration of 
specificity required challenge with exogenous parasites. Thus, 
B-cell-deficient mice which had previously terminated acute P, 
c. adami infections were challenged with assorted plasmodial 
species. The data (Table 2) demonstrate that antibody- 
independent immunity resulting from P. c. adami infection was 
of limited specificity, that is, immunized mice were protected 
against challenge infection with either P. c. adami or the virulent 
P. vinckei. However, P. berghei and the normally avirulent 17X 
strain of P. yoelii produced fatal infections. The limited 
specificity of the immunity induced by P. c. adami is similar to 
that found by Cox*, who used immunologically intact mice in 
cross-protection studies. This finding remains to be explained, 
but it is possible that more than one immune mechanism must be 
activated to enable the host to resist infection with certain 
plasmodial species’ *'. 

Because antibody-independent mechanisms of immunity 
were shown to be T-cell dependent in the model systems studied 
previously”*, athymic nude mice were infected with P, c. adami 
to determine if immunity to this parasite would develop in the 
absence of functional T cells. As shown in Fig. 16, nude mice 
were unable to terminate P. c. adami infection and had 
significant parasitaemias resulting in death 7 to 9 weeks post- 
infection, Thus, the development of immunity to P. c. adami 
infection is dependent on the function of an intact thymus- 
dependent lymphocyte system. 

The most interesting aspect of this study is that acute infection 
with P. c. adami was controlled by antibody-independent 
immune mechanisms which seem to be T-cell dependent. This 
finding contrasts with previous results?" in which survival of 
the host following infection with P. yoelii and P. gallinaceum 
was dependent on B cells (presumably antibodies). Although the 
nature of the antibody-independent mechanisms responsible for 
immunity to acute P. c. adami infections in B-cell-deficient mice 
has not been determined, it is possible that activated macro- 
phages play a significant part. Macrophage activation has been 
shown to occur during murine malaria’? and it has been sugges- 
ted that factors secreted by activated macrophages may stimu- 
late both T cells and natural killer cells to produce lymphokines 
and inhibitory factors, respectively’®. In addition, activated 
macrophages may produce inhibiting factors which directly kill 
certain intracellular protozoa’*. Consistent with previous 
observations’ concerning chronic plasmodial infections in B- 
cell-deficient hosts was the observation that B-cell-deficient 
mice were unable to clear P. c. adami from their blood during 
chronic infection despite their resistance to exogenous chal- 
lenge. This supports the concept of Allison and Clark’ that 
immunity to malaria is mediated by multiple mechanisms of 
resistance. Particular mechanisms may predominate in 
infections caused by certain haemoprotozoan parasites and/or 
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may have special significance at a particular time during the 
course of disease. The elucidation of these mechanisms could 
provide targets for development of a potential ‘malaria vaccine’. 

We acknowledge the financial support of the UNDP/ World 
Bank/WHO Special Programme for Research and Training in 
Tropical Diseases and the US PHS research grant AI-12710-4. 
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Immunotoxins: hybrid molecules of 
monoclonal antibodies and a toxin 
subunit specifically kill tumour cells 
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Several attempts to attack tumours in experimental systems 
have been made using conjugates of chemotherapeutic agents or 
potent toxins with antibodies (immunotoxins)*~. In vitro stu- 
dies have been highly successful, showing target specificity of a 
high order in some cases’. However, so far, such conjugates 
have been inadequate in vivo, probably for two main reasons. 
First, conventional heteroclonal antibodies are perhaps inap- 
propriate, because purification by biochemical methods leaves a 
large amount of non-antibody y-globulins. The use of mono- 
clonal antibodies may overcome this problem. Second, when 
whole toxins have been conjugated to antibodies there has been 
a strong residual nonspecific cytotoxicity due to the binding 
capacity of a subunit, the B-piece of the toxin. (Diphtheria toxin 
or ricin consist of two polypeptide subunits. The A-piece is 
responsible for inhibition of protein synthesis on ribosomes, and 
the B-piece binds to galactose residues on the cell membrane 
and facilitates the transmembrane passage of the A-piece.) In 
the present work the problem of nonspecific binding by the 
B-piece has been circumvented by using the A-piece only as the 
toxin component of immunotoxins; these immunotoxins are 
active both in vitro and in vivo. 

A monoclonal IgM antibody directed against the Thy 1,2 
differentiation antigen of mouse T cells, also present on mouse 
leukaemia cells (WEHI-7), was used. After precipitation of the 
monoclonal IgM antibody with ammonium sulphate, the anti- 
body was purified with successive filtrations on Sepharose 6B. It 
was then modified with 3-(2-pyridyldithio)propionic acid in the 
presence of water-soluble carbodiimide and coupled to highly 
purified A-chain of ricin". The conjugate was purified on a 
Sephadex G-200 column from unconjugated A-chain. The 
resulting immunotoxin contained on average eight A-chains per 
molecule, about three of which were active in an acellular 
protein synthesis system. The IgM component of immunotoxin 
retained about 70% of its activity in a complement-dependent 
cytotoxicity test. Inhibition of protein synthesis (PI) of viable 
cells in vitro was used to evaluate the biological activity of the 
conjugates®. 


145 


After incubation of 210° WEHI-7 cells for 16h with 
different immunotoxin concentrations, a 50% inhibition of 14C- 
leucine uptake (PI;)) was obtained with a 107*° M concentration 
(Fig. 1a). Free A-chain was much less active, needing a concen- 
tration 5,000 times higher (PIso= 5x107 M) while ricin itself 
was about 25 times more active than immunotoxin (PIs) = 2 x 
1071! M). A nonspecific immunotoxin directed against dextran, 
an unrelated antigen, behaved as free A-chain. The specificity of 
immunotoxin calculated as the increase of concentration needed 
to kill the same cells by the A-chain alone corresponded to a 
factor of between 2,000 and 6,000 in different batches tested 
(Fig. 14). The antibody alone without complement showed no 
Significant effect (Fig. 1c). Unconjugated antibody mixed with 
free A-chain behaved as free A-chain (Fig. 1c). No effect was 
found with an anti-Thy 1,2 immunotoxin on Thy 1,2-negative 
cells (Fig. 1d), although these cells had a similar sensitivity to 
ricin and A-chain. Complete inhibition of immunotoxin activity 
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Fig.1 Specific cytotoxic activity of anti-Thy 1,2 immunotoxin. a, 
2x 10° WEHI-7 cells (a mouse T leukaemia expressing Thy 1,2 
antigen) were incubated for 16h with different concentrations of 
the test substances and then pulsed with *“C-leucine for 2 h (for 
more details see ref. 8). @, Ricin; A, A-chain; x, anti-Thy 1, 2 
jmmunotoxin; W, anti-dextran immunotoxin. b, Specificity factors 
demonstrate the specific cytotoxicity of immunotoxins as 
compared with their toxic subunit, the A-chain alone, and were 
drawn as arrows with the tail at the concentration (M) of free 
A-chain which induces 50% protein synthesis inhibition and with 
the head at the concentration for specific protein synthesis inhibi- 
tion by immunotoxin. The specificity factors of three batches of 
anti-Thy 1,2 immunotoxin are compared. c, Thy 1,2-positive cells 
(WEHI-7) were used to establish specificity controls for IgM alone 
without complement (---@---), IgM mixed with free A-chain 
(~..CQ---), A-chain (—A—) and ricin (—@—). d, Thy 1,2-negative 
cells (BC-3A) served as controls for the specificity of the Thy 1,2 
immunotoxin (—xX—) as well as sensitivity to ricin (—@—) and 
A-chain (—A—). 
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Fig. 2 Inhibition of immunotoxin activity by competition with 
unconjugated antibody. Increasing amounts of unconjugated 
antibody were added to a constant concentration of immunotoxin 
(5.7 107° M) which in standard tests gave 15% viability (dashed 
line}. A threefold increase of unconjugated antibody (1.8 x 
107° M) was needed to obtain 95% viability of target cells. 


on Thy 1,2-positive cells (PIg;) could be obtained with a 
threefold molar excess of unconjugated antibody, suggesting 
that the binding capacity of immunotoxin is similar to that of 
unmodified antibodies (Fig. 2). Filter-sterilized conjugates 
stored in phosphate-buffered saline at —20 °C for more than 6 
months did not precipitate on thawing nor did they lose their 
immunotoxin activity. 

In a first in vivo trial, WEHI-7 cells were injected intraperi- 
toneally (i.p.) into BALB/c mice and each mouse was treated 
1 hlater with an i.p. immunotoxin injection of 30 pg conjugated 
A-chain, repeated 7 days later. This dose corresponded to about 
1/10th of the LD, of free A-chain, which was 20 mg per kg 
(LDso of ricin was about 3,000 times lower, 7.5 ug per kg). With 
610° cells, 9 of 10 control animals died within 39 days. 
Treatment with immunotoxin led to a significantly prolonged 
survival, as verified with the method of probits’. 50% survival 
was attained in the control group after 35 days and in the treated 
group after 44 days (Fig. 36). However, with 2.4 x 10° cells no 
significantly prolonged survival could be obtained (Fig. 3a). 
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Fig. 3 In vivo test for immunotoxin activity. Groups of 

10 BALB/c mice (Bomholtgaard) were injected i.p. with 2.4 x 10° 

WEHI-?7 cells (a) or 6% 10° WEHI-7 cells (b). After 1h and 7 

days, 30 ug of A-chain (bound to anti-Thy 1,2 antibody) were 
injected i.p. Survival was followed for 100 days. 
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The high specificity of immunotoxins consisting of mono- 
clonal IgM antibodies (specificity factors of 2,000-6,000) may 
be attributed to the lack of non-antibody molecules or to the 
higher avidity of IgM over IgG antibodies. The nonspecific 
activity of immunotoxins on antigen-negative cells is very low 
and can be explained by the high purity of the A-piece replacing 
whole ricin. Such an effect was not convincingly demonstrated 
by Masuho et al. because their mouse cell system is insensitive to 
whole diphtheria toxin and cannot reveal contamination by the 
B-piece or whole toxin'’. Specificity factors were not reported in 
the recent communications by Gilliland et al. and Krolick et 

al.” because 50% nonspecific toxicity was not indicated. 

Although a significant prolongation of survival time was 
achieved in vivo with our approach, the effect seemed less 
impressive when compared with the high potency of immuno- 
toxin in vitro. This difference can perhaps be explained by the 
fact that the injected leukaemia cells represented less than 1% 
of all normal host cells expressing the Thy 1,2 antigen and thus 
the immunotoxin could have been absorbed by them. With 
repeated daily injections of immunotoxin compensating for its 
degradation or loss, better results might be expected. Although 
the immediate i.p. treatment of injected leukaemia cells with 
immunotoxin cannot be regarded as a model system of leuk- 
aemia treatment, it represents a highly sensitive test system. 
Whereas, in vitro, 50% survival of tumour cells is measured, in 
vivo, even single cell clones escaping the treatment will induce 
tumours some time later. 

Immunotoxins retained most of their complement fixing 
activity but, as human complement is thought to be relatively 
inefficient in vivo for the destruction of tumour cells, the 
complement-independent activity of immunotoxins may 
represent a promising means of passive immunotherapy of 
cancer. 

This work was supported in part by a grant from the Déléga- 
tion Générale 4 la Recherche Scientifique et Technique, Paris, 
France. WEHI-7 and BC-3A cells were obtained from the Cell 
Distribution Center, the Salk Institute. 
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The K and D regions of the H-2 gene complex are highly 
polymorphic? and control cell-surface structures involved in 
the H-2 restriction of cytotoxic T lymphocytes**. Originally it 
was assumed that each of these regions controlled only one type 
of antigenic molecule, H-2K and H-2D, respectively**’. The 
finding that the D region controls H- 2L and H- 2M", as well 
as H-2D, molecules suggests that the system of H-2 antigens is 
more complicated. We demonstrate here previously unknown 
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H--2 molecules detected by anti-K- and D-region alloantisera in 
co-capping experiments. Three different types of molecule, 
distinct from Ia and Qa antigens, are distinguished in the 
products of the D“ region, and two in the products of the D* 

and K“ regions. Analysis of the antigenic heterogeneity of K- 
and D-region products may further understanding of the 
function of these regions in cell-mediated immunity. 

Antibodies against the products of the K and D regions detect 
molecules of molecular weight 45,000 associated with a B2- 
microglobulin in chain'*-’*. This was demonstrated also for the 
H-2L"*""’ and H-2M"* molecules. Alloantibodies against these 
antigens detect either specificities characteristic for a single 
allele, for example K* or D® (private specificities), or the 
common or cross-reactive specificities (public specificities) 
shared by products of several different alleles'***"*. Antisera 
against the public or private specificities were used to cap the 
respective K- and D-region products on T lymphocytes of 
C3H.LG and GRS (H-2”) and C3H.OH (H-2%) strains. After 
the capping procedure, the cells were tested with the antiserum 
used for capping as well as with other anti-private and anti- 
public antisera to see whether any molecules reactive with these 
antisera remained non-redistributed. Two techniques, indirect 
immunofluorescence and resistance to complement lysis (lyso- 
strip), were used as described earlier''. The two assays never 
gave discordant results’. 

In earlier observations’*”°, capping with antisera against the 
public specificities removed all molecules reactive with antisera 
against the pertinent private specificity. We show that selected 
anti-public sera, however, fail to do so. Such sera were used to 
differentiate further the K- and D-region products. Table 1 
summarizes the analysis of the H~2 molecules controlled by the 
H-2® haplotype (K4 I, Sf, D”) which was previously shown 
to control three molecules: H~2K°, H-2D™ and H-2L™ (ref. 
21). Data in Table 1 show that, using suitable antisera, five 
different H-2 molecules can be distinguished in this haplotype. 
Antiserum ASA-26B was made against the products of the D” 
region (the H~2™ and recipient have the same K“ region) and it 
contains two kinds of antibodies—one reactive with the H-2D™ 
molecule and another with the H-2L™ molecule”. The latter 
antibodies reacted with a public specificity common to H~2L™ 
and some H-2. 1-positive molecules produced by other haplo- 
types. Therefore, they could be removed from the ASA-26B by 


absorption with C3H (H-2") cells leaving only anti-H-2D™ 
antibodies. In capping experiments, the serum ASA-26B 
absorbed with (abs.) C3H (anti-H-2D™) did not cap all mole- 
cules detected by the antiserum ASA-26B (thus defining the 
H~2L™ molecule, ref. 21 and Table 1). Antiserum ASA-26B 
abs. C3H did cap all molecules reactive with two other anti- 
public antisera, ASA-30C and ASA-14F, indicating that these 
sera contained no antibodies reactive with either H-2L™ or 
K-region molecules. One of these sera, ASA-30C, however, 
failed to cap all molecules reactive with the ASA-26B abs. C3H 
and ASA-14-F indicating that besides the H~2L™ molecules 
(which are not capped by ASA-26B abs. C3H and ASA-14F) 
two other D“-region molecules can be distinguished: both can 
be capped by the ASA-26B abs. C3H and ASA-14F, but only 
one of them is capped by the ASA-30C. Similarly, the antisera 
D-31 and S3E which react with the K-region products of the 
H-2* haplotype in capping experiments define two serologic- 
ally different molecules. This is seen by the failure of the serum 
S3E to cap all molecules reactive with the serum D-31. Thus, 
two molecules can be distinguished in the K* region: one which 
can be capped by the serum D-31 and S3E, and another which 
can be capped by D-31 but not by S3E. The anti-Ia antibodies 
are not responsible for the complexities of the K region 
described here as our assay does not detect Ia antigens on T 
lymphocytes*'’. Moreover, these results were obtained with the 
K’ ¡region products in the cells carrying the H-2“* haplotype 
(K^, I’, S°, D”) even after removal of anti-Ia antibodies by 
absorption (Table 1,*). The antiserum S3E cannot contain an 

anti-Ia antibodies, because both the donor and recipient are J", 

Note that, although the genetic mapping of these molecules is 
only inferrential as H-2 is a natural recombinant, there is no 
doubt about the serological distinctness of these molecules and 
their H-2-like characteristics (ASA-26 and ASA-30 do not 
contain anti-Ia antibodies and in the strain GRS they do not 
react with Qa antigens”, and, as discussed above, the two 
K*-region molecules are not Ia antigens). 

A similar complexity was detected in the products of the 
H-2” haplotype (K%, I4, $%, D") (Table 2). The D*-region 
products which are capped by anti-D*-private serum ASA-11 or 
D-32 cannot be completely capped by the antiserum ASA-14. 
Similarly, the products of the K” region which can be capped by 
the anti-K*-private serum D-31 cannot be completely capped by 





Table 1 Molecular relationships between H-2 specificities analysed by antibody-induced redistribution (capping) and resistance to lysis (lysostrip) 
I's ) 


on T lymphocytes of the C3H.LG and GRS/Mtv-2- strains (both H-2”, K 


fD 


Second antiserum 


ASA-26B 
First antiserum ASA-26B abs. C3H/Sn ASA-30C ASA-14F D-31 S3E 
IF C IF C IF C IF C IF C IF C 

None 100 100 100 100 100 100 100 100 100 100 100 100 
ASA-26B 0 5 0 10 0 5 0 5 100 95 95 95 
ASA-26B abs. C3H/Sn 100 90 0 5 0 5 10 10 100 100 100 100 
ASA-30C 100 100 95 90 0 0 ND 75 ND 100 ND 100 
ASA-14F ND 100 ND 5 ND 5 ND 5 ND 109 ND 90 
D-31 100 100 100 100 100 100 100 100 0 10 0 3 
S3E ND 95 ND 95 ND 75 ND 95 100 95* 0 3 
S3E + ASA-26B 0 0 ND $ ND S ND 10 100 90* 0 a 





Strain C3H.LG was supplied by Dr M. Cherry. It carries the H-2% haplotype which is indistinguishable serologically from that of GRS/A (P.D. and 
M. Cherry, unpublished data). The strain GRS/Mtv-2- was prepared from the GRS/A strain as described*. It has the same H-2 haplotype as GRS/A 
and C3H.LG (data not shown). Results with the two strains were identical in cytotoxicity, Immunofluorescence was done predominantly on 
GRS/Mtv-2- cells. For the first antiserum, T lymphocytes were incubated with anti-H-2 serum + fluorescein isothiocyanate-labelled anti-IgG in 
capping conditions’. The second antiserum was incubated in non-capping conditions“ with addition of rhodamine-labelled anti-IgG or with 
complement. Antisera: ASA-26B (B10.D2 x A.CA)F, anti-GRS (d x f) anti-dx (this antiserum ASA-26B contains anti-H~2.63, anti-H-2,1-like and 
non-H--2 antibodies”’. These non-H-2 antibodies do not react with antigens of the C3H strain and its congeneic lines (data not shown). Absorption 
with C3H or B10.A cells removes anti-H-2.1-like but not anti-H-2.63 activity”*); ASA-30C (C3H x BALB/c-H-2°"")F, anti-BALB/cHe; 
ASA-14F ((A.SW x BALB/c)F, anti-A/Sn); D-31 (B10 A)F, anti-B10.D2; and S3E (B10.RITI x C3H)F, anti-B10.AKM. Antiserum D-31 was 
supplied by the NIH serum bank. In some experiments NIH antiserum Ia.11,16 was used in place of D-31. This serum was prepared in the same strain 
combination and gave identical results. IF, immunofluorescence: % of cells with red label outside the green caps observed in capping experiments. C, 
cytotoxicity: redistribution results expressed as % of cells killed by the second antiserum and complement after incubation with the first 
antiserum + anti-IgG. Several serial dilutions were tested. ND, not determined. 

* The same results were obtained with antiserum D-31 absorbed with B10.P cells (which absorb all activity with the strain B10.M, H-2 but not with 
C3H.OH, C3H.LG or GRS cells). 
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Table 2 Molecular relationship between H-2 private and public specificities measured by antibody-induced redistribution (capping) and resistance 
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First antiserum 

None 

ASA-11 (D* private) 

D-31 (K® private) 
ASA-11+D-31 (D*+K°® private) 
D-32+D-31 (D* +K‘ private) 
ASA-14 (D* public) 

S3E (Kf public) 


ASA-14+D-31 (D* public + K“ private) 
ASA-11+53E (D* private + K? public) 


to lysis (lysostrip) on T lymphocytes of the C3H.OH (K“I°S"D*) strain 


Second antiserum 


ASA-11" D-32 ASA-14 D-31* S3E 
D* private D“ public Kî private K? public 
IF C IF C IF Cc IF C IF C 
100 100 100 ND 100 90 100 100 100 100 
0 0 0 ND ND 5 100 100 90 ND 
100 100 ND ND 84 90 0 0 0 5 
0 5 0 ND 0 3 0 5 0 ND 
0 ND 0 ND 0 ND 0 ND 0 ND 
100+ 1007 ND ND 0 5 100 100 ND ND 
ND 100 ND ND ND ND ND 100 ND 5 
Sit 1007 ND ND 0 5 0 3 ND ND 
ND 5 ND ND ND ND 90 100 0 5 





For first and second antisera, see Table 1 legend. Antisera: ASA-11 (B10.AKM x C3H.BI10)F, anti-C3H; D-32 (B10. AQQR) x C3H.SW)F, 
anti-C3H; ASA-14 (A.SW x BALB/c)F, anti-A/Sn; D-31 (B10 x A)F, anti-B10.D2; S3E (B10.RITI x C3H)F, anti-B10.AKM. The antisera D-31 
and D-32 were supplied by the NIH serum bank. IF, immunofluorescence, and C, cytotoxicity; see Table 1 legend. ND, not determined. 

* Several anti-public sera caused complete capping or patching of antigens detected by anti-private sera, for example ASA-1H capped for D-31b 


and D-5AF for ASA-11 (ref. 29). 


+ This reaction is not due to anti-Qa antibodies. ASA-11 was made by immunization against C3H/HeA cells. No Qa antigens were described in 
C3H strains. Moreover, we tested the tissue distribution of the antigens detected by this serum and found that liver and kidney tissue can absorb all 
activity of this serum with peripheral lymph node cells. Thus, the tissue distribution of H-2D1* and H-2D2* is like that of H-2 and not Qa. 


the antiserum S3E. Thus, at least two different molecules can be 
distinguished among the D*-region products. One can be 
capped by both ASA-14 and ASA-11 or D-32, the other only by 
the anti-H-2.32 sera (ASA-11, D-32) but not by ASA-14, Two 
distinct K* products can be distinguished—one which can be 
capped by the anti-H-2.31 serum D31 as well as by the 
antiserum S3E, and another which can be capped only by the 
anti-H~2.31 serum and not by the antiserum S3E. No known Qa 
or TL antigens are involved in the complexities of the D*D*- 
region antigens described here (see above and Table 2,7). The 
failure of some anti-public sera to cap all molecules reactive with 
the anti-private sera is not due to some intrinsic nonspecific 
properties of such anti-public sera. For example, the serum 
ASA-14 caps only one of the two D" molecules (Table 2) but it 
can cap two different D“ products (Table 1). © 

Our data suggest, but do not prove, that the two D* molecules 
described here may share the same private specificity, H-2.32. 
Alternatively, they could each carry a different unique 
specificity, but be indistinguishable because of the lack of suit- 
able recombinants or mutants. The possibility that the antiserum 
ASA-14 does not react with an H-2.32 (ASA-11)-positive 
molecule, but with a molecule which co-caps with the H-2.32- 
positive molecules (as was suggested for some antigens on virally 
infected cells”), also cannot be ruled out. The same inter- 
pretations can also be applied to the serological characteristics 
of the two different K*%-region molecules and the two types of 
D® molecule capped by the ASA-26B abs.C3H. These 
uncertainties have to be resolved by immunoprecipitation stu- 
dies. The relationship of the two D*-region molecules to the 
H~2L molecules is unclear. Using different anti-H-2.32 and 
anti-H-2.1 sera we failed to confirm the original report *’ on the 
H-2.1-positive molecules detected after capping of H-2.32 
molecules. Either the H-2.32-negative D* -region products do 
not exist, or they carry their own ‘unique’ specificity and the 
antibodies against it contaminate the anti-H-2.32 sera. 

Previously we demonstrated three different molecules in the 
D-region products of H-2° (ref. 11). These are H-2L° which 
cannot be capped by antisera against the specificity H-2.4, and 
H-2D° and H-2M* which can be capped by anti-H~2.4 sera, but 
the latter not by some anti-H~2.28 sera (S1E, (B10.RIII x 
C3H)F, anti-B10.A(2R)). Thus, together with the two K?- 
region molecules, the H-2* haplotype controls at least five 
serologically distinct H-2-like molecules. 

It is not known whether the heterogeneity of the K- and 
D-region antigens described here reflects genetic complexity of 
these regions or is produced epigenetically. The former 


explanation is supported by our observation that the mutant 
H-2¢"' does not express any detectable H-2M° molecules", 
although even here post-translational mechanisms are not ruled 
out. Where several different H-2 molecules map into the same 
genetic region, the question of the respective genes becomes 
unclear. Until informative recombinants are found, these 
molecules would seem to be the products of pseudoallelic genes 
and the H-2 terminology which indicates, for example, that 
H-2D‘ is ‘allelic’ or ‘homologous’ to H-2D*, or H-2L° is allelic 
or homologous to H~2L™, is based on apparent general serolo- 
gical similarities of the respective molecules, and may not be 
correct. Until suitable recombinants are found or other reliable 
genetic, biochemical or functional criteria of ‘allelism’ become 
available, it is very difficult to be certain about the relationships 
of molecules detected in the products of different regions. 
Therefore, we have used here a neutral terminology for the 
‘new’ molecules, which makes no unwarranted assumptions 
about genetics and can be replaced by a more specific one when 
more information becomes available. Thus, the two molecules in 
the D* region are named H-2D1* and H-2D2", the two new 
D* molecules are named H~2D1™ and H-2D2™, and the two 
K“%-region molecules H~2K1*% and H-2K2°. 

It is also not certain whether each non-mutant haplotype 
produces all the known types of H~2 molecules. Furthermore, 
an H-2 molecule might be controlled by more than one gene’. A 
similar possibility was indicated for HLA (histocompatibility) 
antigens by serological** and biochemical” studies. If this is the 
case, the notion of allelic genes in its simplest form is not 
applicable for the genes controlling the K- and D-region 
products. 

Considerable physicochemical heterogeneity of K- and D- 
region products had been previously detected by two-dimen- 
sional electrophoresis**?’. These data were, however, never 
connected with the antigenic diversity of H-2 molecules. The 
analysis of the antigenic heterogeneity of K- and D-region 
products may contribute to the understanding of the structure of 
these regions and of their function in cell-mediated immunity. 

We thank Ms M. A. J. M. Treur-Mulder and A. E. Bezemer 
for technical assistance and Ms C. E. van Vemde for preparation 
of the manuscript. 


Received 19 May 1980; accepted 8 January 1981. 


i. Snell, G. D., Cherry, M. & Démant, P. Transplanin Proc, 3, 176-179 (1971). 
2. Klein, J. & Shreffier, D. C. Transplanin Rev. 6, 3-29 (1971). 

3. Doherty, P. C. & Zinkernagel, R. M. J. exp. Med. 141, 502-507 (1975). 

4. Blanden, R, V. et al. Nature 284, 269-270 (1975). 

$. Démant, P. Transplanin Rev. 18, 162-200 (1973). 

6. Snell, G. D., Cherry, M, & Démant, P. Transplanin Rev, 15, 3~26 (1973). 





Nature Vol. 290 12 March 1981 


149 i 


. Hauptfeld, V. & Klein, J. J. exp, Med. 142, 288-298 (1975). 
. Lemonnier, F., Neauport-Sautes, C., Kourilsky, F. M. & Démant, P. Immunogenetics 2, 
$17-~-526 (1975). 
9. Démant, P. et af. J. Immunogenet. 2, 263-271 (1975), 

10. Démant, P. & Neauport-Sautes, C, Immunogenetics 7, 295-311 (1978). 

11. Ivanyi, D. & Démant, P. Immunogenetics 8, 539-550 (1979). 

12, Schwartz, B. D., Kato, K., Cullen, S. E. & Nathenson, S. G. Biochemistry 12, 12157-2164 
(1973). 

13. Silver, J. & Hood, L. Nature 249, 754-765 (1974). 

14, Rask, L., Lindblom, J. B. & Peterson, P. A. Nature 249, 833-844 (1974), 

13. Hansen, T. H., Cullen, S. E. & Sachs, D. H, J. exp. Med. 148, 438-442 (1977), 

16; Neauport-Sautes, C., Morello, D., Freed, H., Nathenson, S. G. & Démant, P, Eur. J, 
immun. 8, 511-815 (1977). 

17. Hansen, T. H. & Sachs, D, H. J. Immun. 121, 1469-1472 (1978). 

18. Sears, D, W, & Polizzi, C. M. Immunogenetics 10, 67-82 (1980). 

19. Klein, J. Nature 229, 635-637 (1971), 

20. Morello, D., Neauport-Sautes, C. & Démant, P, Immunogenetics 4, 349-364 (1977). 

21, Snoek, M., Iványi, D., Nusse, R. & Démant, P, Immunogenetics 8, 109—125 (1979). 

22. Senik, A, & Neauport-Sautes, C. J. Immun. 122, 1461-1467 (1979). 

23. Neauport- Sautes, C, Joskowitz, M, & Démant, P. Immunogenetics 6, 513-327 (1978). 

24. Bodmer, W. F. in Symp. Genet. mammal, Cell Bar Harbor 1979 (in the press). 

25, Orr, H. T., Lancet, D., Robb, R. J., de Castro, J. A. L, & Strominger, J. L. Nature 282, 
266-270 (1979), 

26, Jones, P. J. exp. Med. 146, 1261-1279 (1977). 

27, Krakauer, T., Hansen, T, H., Camerini-Otero, R. D. & Sachs, D. H. J. Immun. 124, 
2149-2156 {1980}. 

28. van Nie, R. & de Moes, J. Ine. J. Cancer 20, $88-594 (1977). 

29. Ivanyi, D., & Démant, P. Immunogenetics (in the press). 


5H-baclofen and °*H-GABA bind 
to bicuculline-insensitive 
GABA, sites in rat brain 


oO «2 





D. R. Hill & N. G. Bowery 


Department of Pharmacology, St Thomas’s Hospital Medical School, 
London SE1 7EH, UK 





The presence of a novel receptor for the neurotransmitter 
y-aminobutyric acid (GABA) on peripheral autonomic nerve 
terminals and in mammalian brain slices has been described 
recently’ ~. This receptor differs from the classical GABA site as 
it is unaffected by recognized GABA antagonists such as 
bicuculline and is not sensitive to the majority of accepted 
= GABA-mimetics such as 3-aminopropanesulphonic acid (3- 
APS) or isoguvacine. We propose to designate the classical site 
as the GABA, and the novel site as the GABA, receptor. The 
6-p-chloropheny! derivative of GABA, baclofen, is stereo- 
specifically active at the GABAsg site whereas it is devoid of 
activity at the classical GABA, site”, We now report that 


high-affinity saturable binding of “H-baclofen and *H-GABA to | 


the GABA, site can be detected in fragments of crude synaptic 
membranes prepared from rat brain. The results support the 
concept of a novel GABA receptor within the mammalian brain 
and show that GABA and baclofen can compete for the same 
recognition site. 

The procedure adopted for this study was essentially that used 
by others for the detection of GABA, sites with one notable 
difference—the inclusion of divalent cations in the incubation 
medium. Our studies have indicated that saturable high-affinity 
binding of *H-baclofen is detectable in the presence of either 
Ca** or Mg”* ions. Crude synaptic membranes were prepared by 
the method described by Zukin et al.*° and although saturable 
binding of *H-baclofen (§-(4-chloro-3-*H(N)phenyl-y- 
aminobutyric acid, 8.8 Ci mmol™') could be detected in freshly 
prepared and washed membranes, frozen and thawed material 
was routinely used. Pellets were allowed to thaw for 15 min at 
room temperature before suspension in Krebs—Henseleit solu- 
tion (KHS), or where indicated, Tris-HCI buffer (50 mM, 
pH7.4) plus CaCl, (2.5 mM). The tissue was maintained at 
20°C for 45 min before washing four times in fresh medium. 
Assays were terminated by centrifugation at 7,000g for 10 min. 
The specific saturable portion of binding was that displaced by 
an excess (100 uM) of (+)baclofen, (—)baclofen or GABA. 

In the presence of Tris-HCI! buffer alone, only 5.5+0.64% 
(mean+s.e.m., n = 4 in triplicate, P<0.01 paired comparison 
t-test) of the total “H-baclofen bound could be displaced by 
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unlabelled ligand. In Tris-citrate buffer (50 mM, pH 7. 4) no 
displacement could be detected (5-30 min incubation at room - 
temperature; 5-20 nM °H baclofen). By contrast, when KHS 
was used instead of Tris buffer, 21+ 1.1% (20 nM 3H-baclofen, 
n=28 in triplicate, equivalent to 3,712+234d.p.m. per mg 
protein) of the total could be displaced by excess unlabelled 
GABA, (+)baclofen or (—)baclofen (100 uM in each case). The 
maximal displacement produced by each of these was the same 
and the extent of displacement was dose dependent. 

To determine which of the ionic constituents of KHS was 
responsible for the emergence of the saturable component the 
assay was performed in Tris-HCI buffer to which one of the 
individual components was added. Each salt was added at the 
concentration present in KHS. The addition of either CaCl, 
(2.5 mM) or MgSO, (1.2 mM) to Tris-HCI buffer resulted in the 
appearance of saturable binding comparable with that observed 
in KHS. The addition of KCI (5 mM) or NaCI (143 mM) failed to 
increase the small degree of saturable binding observed in 
Tris-HCI alone. Thus K*, Na* and CI” ions do not seem to be 


a Krebs-Henseleit b Tris-HCl plus CaCl, 


Ke 132nM 
Brox 1.1 pmol mg* 


0.008 | 


0.006 


Ka 8).7nM Banai 0.68 pmol mg” 
Ke 5.3uM Braz 6.9 pmol mg” 


Bound/free (pmol per mg protein per nM) 





si 
2 4 6 0 | 2 3 4 
Bound (pmol per mg protein) 


Fig. 1 Analysis of the binding of (+)°H-baclofen to rat brain 
synaptosomal membranes. Crude synaptic membranes were pre- 
pared by homogenization of whole rat brain in 10 vol ice-cold 
0.32 M sucrose. The homogenate was centrifuged at 1,000¢ for 
10 min and the supernatant collected and recentrifuged at 20,000¢ 
for 20 min. The pellet obtained from this second centrifugation was 
dispersed in distilled water (volume equal to original sucrose 
solution) and centrifuged at 8,000g for 20 min. The supernatant 
together with the buffy layer on the pellet was then centrifuged at 
50,000g for 20min. The resulting pellet was resuspended in 
distilled water and again centrifuged at 50,000¢ for 20 min. The 
final pellet was stored at —15 °C. For the assay in a, pellets which 
had been frozen for at least 16 h were allowed to thaw for 20 min at 
room temperature before resuspension in KHS. The pellet 
obtained from the equivalent of one rat brain was resuspended in 
10 mi KHS. The suspension was incubated for 45 min at 20°C 
before centrifugation at 7,000g for 10 min. This washing pro- 
cedure was repeated three more times allowing 15 min incubation 
with each addition of KHS, The final pellet was resuspended in 
KHS (~1 mg protein per 0.8 ml KHS) for the assay. Protein 
concentrations were determined by the method of Lowry et al. 

To each 0.8-ml aliquot of membrane suspension 0.1 ml KHS 
containing various concentrations of unlabelled (+)baclofen and 
0.1 m! KHS containing a fixed concentration of (+Y H baclofen was 
added. The range of final concentrations of unlabelled baclofen 
was 10 nM-100 uM. The final *H-baclofen concentration was 
20 nM. The mixture was incubated for 10 min at 20°C and then 
centrifuged at 7,000g for 10 min. The supernatant was aspirated 
off and the pellet blotted dry before the addition of 100 pl Soluene. 
The tritium level of each pellet was determined by liquid scin- 
tillation spectrometry. As the total amount bound was <3% of the 
radiolabel in the incubation medium, the ‘free’ concentration was 
taken as equivalent to the total tritium concentration. The same 
procedure was adopted in b as in a, except that Tris-HCI solution 
containing 2.5 mM CaCl, (instead of KHS) was used throughout 
the assay. In a, data derive from four separate experiments per- 
formed in triplicate at each concentration, and in b from a single 
experiment of triplicate determinations at each concentration. This 

experiment was repeated twice more yielding the same results, 
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Table 1 Comparative inhibitory activities of GABA analogues an specific 3}]-baclofen binding to synaptosomal membranes, evoked `H- 
Š noradrenaline release from rat isolated atria and twitch responses of mouse isolated vas deferens 


a aaan n eeraa 


*H-baclofen binding Atrial >H-noradrenaline release” Vas deferens twitch? 
ICso Potency ICso Potency ICso Potency 
Analogue (uM) (GABA =1) (uM) (GABA = 1) (uM) (GABA = 1) 
GABA 0,04 1 4.2 1 3.1 1 
(~) Baclofen 0.04 1 4.2 1 2 115 
(+) Baclofen 0.18 0.22 4.5 0.93 2.8 1.10 
(+) Baclofen 33 0.001 > $500 <0.01 >100 <0.03 
(+) B-o-chloropheny! GABA 0.74 0.054 35 0.12 7.8 0.4 
(+) B-m-chlorophenyl GABA 18 0.002 140 0.03 6.2 0,5 
(+) B-p-fluorophenyl GABA 1.6 0.03 21 0.2 6.2 0.5 
(+) B-hydroxy GABA 1.6 0.03 140 0.03 56 0.055 
(+) B-chloro GABA 11 0.004 >500 <0.01 >300 <0.01 
Muscimol 12 0,003 280 0.015 26 0.12 
3-aminopropanesulphonic acid 11 0.004 NA NA 
(+) B-naphthyl GABA 300 0.0001 NA NA 
THIP 700 0.00005 600 0.007 NA 
(+) B-p-isopropyl phenyl GABA NA >500 <0.01 15.5 0.2 
Isoguvacine NA NA NA 
Taurine NA NA 
B-alanine NA NA 
Glycine NA NA 
2,4-diaminobutyric acid NA NA NA 
y-hydroxybutyric acid NA NA 220 0.014 
Nipecotic acid NA NA 
Isonipecotic acid NA NA NA 
(+) cis-3-aminocyclohexane carboxylic acid NA NA 
(+) B-aminobutyric acid NA NA NA 
Guanidinopropionic acid NA NA NA 
Imidazoleacetic acid NA NA NA 
(+) Bicuculline methobromide NA NA NA 
Picrotoxin NA NA NA 





NA indicates potency is <0.00005 binding; <0.001 atrium; <0.003 vas deferens. THIP, 4,5,6,7-tetrahydroisoxazolo[5 ,4-C]pyridine-3-ol. 


essential for saturable *H-baclofen binding. The dependence on 
divalent cations could explain the difference in displaceable 
binding detected in Ca’*-free Tris-HCI buffer compared with 
Tris-citrate buffer. In Tris-HCI buffer any Ca?* remaining in the 
tissue could promote binding, whereas in Tris-citrate buffer the 
Ca** would be chelated and therefore unavailable for binding. 

Experiments performed with varying concentrations (0- 
10 mM) of CaCl, indicated that 2.5mM was optimal. At 
concentrations <1 mM the proportion of specific binding was 
decreased (for example, at 0.6 mM the specific portion was 30% 
less than at 2.5mM). At concentrations >2.5mM (5 and 
10 mM) binding was, if anything, reduced. 

Subsequent experiments to determine the characteristics of 
*H-baclofen binding were performed in KHS which contains 
2.5 mM CaCl, and 1.2 mM MgSQ,. This seemed appropriate as 
our earlier studies? on the GABAsg site had used this solution, 
and as binding was apparently not Na” dependent, it was 
unlikely to be due to transport of the ligand but rather to binding 
at a receptor site. Moreover, the time course and lack of 
temperature dependence of *H-baclofen binding would support 
this. Transport of the ligand would be expected to increase with 
temperature but this was not observed. The amount of °H- 
baclofen specifically bound to membranes incubated at 20 °C for 
up to 60 min was constant. A minimum contact time with the 
ligand was achieved by centrifuging the incubation mixture for 5 
(instead of 10) min immediately after adding the tritium. The 
total time taken until removal of the supernatant after centri- 
fugation was 8 min. Even at this time saturable binding was not 
significantly different from that obtained after longer periods of 
incubation. Ten-minute incubation periods were routinely used 
in further experiments but clearly this was not critical. 

Analysis of the binding of *H-baclofen in the presence of KHS 
revealed two saturable components. These are shown graphic- 
ally in Fig. 1a using the Scatchard transformation. The kinetic 
parameters (Kg, = 81.7 £40 nM, Borax: = 0.68 + 0.22 pmol per 
mg protein; Ka: = 5.341.59 uM Bmax = 6.89 + 0.8 pmol per mg 
protein) were determined by nonlinear least-squares optimiza- 


tion using a digital computer’’. The data were weighted accord- 
ing to the method of Ottaway’*. Analysis of data obtained in 
identical experiments but using Tris-HCI plus CaCl, (2.5 mM) 
instead of KHS revealed only a single saturable component (Fig. 
1b). The parameters for this component (Ka = 132 nM, Bmax = 
1.lpmol per mg protein, Hill coefficient=0.997) were 
comparable with the high-affinity component observed in KHS. 
The Hill coefficient of 0.997 suggests that in Tris-HCI plus CaCl, 
binding occurs at an homogeneous site in accordance with the 
law of mass action. 

Several unlabelled analogues have been examined for their 
ability to displace °H-baclofen from its binding sites. GABA and 
(--)baclofen, which were equally effective, are the most potent so 
far examined. (+)Baclofen was much less active (<0.001). The 


-dose-dependency of these displacing agents is shown in Fig. 2 


together with data obtained for 3-APS, muscimol, isoguvacine 
and bicuculline methobromide. Clearly 3-APS was only very 
weakly active (<0.003) and isoguvacine and bicuculline 
methobromide were devoid of activity. A summary of the 
relative potencies of the analogues is given in Table 1. There is a 
marked similarity between these data and those obtained pre- 
viously in rat atrium and vas deferens where GABA and 
baclofen reduce the evoked output of transmitter. The impli- 
cation is therefore that a common site exists within these 
systems. 

Many workers have shown that baclofen is at best only weakly 
active in displacing *H-GABA from synaptic membranes 
suspended in Tris-citrate buffers. The average ICs for 
baclofen from these studies is > 100 uM and no stereospecificity 
has been observed. We concur with this. However, on adding 
CaCl, (2.5 mM) to Tris-HCl buffer an additional component of 
`H-GABA binding emerges. Frozen and washed membranes 
were suspended in Tris-HCl buffer (50 mM, pH 7.4) containing 
2.5 mM CaCl, and the binding assayed performed as described 
in Fig. 1 legend but instead of using *H-baclofen, °H-GABA 
(4-amino-n[2,3-?H]butyric acid, 10 nM, 57 Ci mmol™', Amer- 
sham) was used. Isoguvacine (final concentration 40 uM) was: 
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present in all the assay tubes to saturate GABA, sites. This x 100 A 
concentration of isoguvacine produced maximal inhibition of 5 =< 
GABA, binding whereas it inhibited GABAg binding by less 2 8 , 
than 10% (Fig. 2). The specific portion of GABA displaced by = 
È o 
100 4 50 
< ° A 
m l 
< + 
9 
2 Q : 
50 x O 
0 «s & 
~8 -7 -6 -5 4 


% H-baclofen specifically bound 
o 





log molar displacing agent 


Fig. 2 Inhibition of (+)*H-baclofen binding by GABA-related 
= compounds. Assays were performed according to the method 
< described in Fig. 1 legend. Unlabelled analogues at final concen- 
. trations between 0.01 and 100 uM were added to each incubation 
~. mixture together with 34-baclofen (20 nM final concentration). 
> The incubation was terminated by centrifugation at 7,000g for 





on . 10 min. Specific binding was taken as the amount of label displaced 


_ by (#)baclofen (100 M). The amount displaced by individual 
` concentrations of each analogue (log molar, abscissa) is expressed 
as a percentage of the total displaced by 100 uM (+)baclofen 
within the same experiment. The data have been separated for 
clarity. a Shows the effect of GABA (@), muscimol (A), iso- 
guvacine (VW) and bicuculline methobromide (C). b Shows the | 
effects of (~—)baclofen (©), (+)baclofen (M), 3-aminopropanesul- 
phonic acid (x) and (+)baclofen (A). Each point is the mean of 
three experiments performed in triplicate. Standard error values 
were in all cases <8%, and have been omitted for clarity. More 
than 95% of the tritium bound to the synaptosomal pellets cor- 
responded to authentic *H-baclofen as determined by TLC in two 
systems. Six pellets (after incubation for 30 min in *H-baclofen) 
were resuspended in 1 ml 10% trichloroacetic acid and allowed to 
stand at room temperature for 1 h before centrifugation at 8,500g 
for 5 min. This procedure extracted >86% of the radioactivity of 
the supernatant. Aliquots (100 ul) of the supernatant were then 
streaked onto two silica gel plates together with markers compris- 
ing 1 pmol *H-baclofen, 20 ug (+)baclofen and 20 ug GABA. All 
marker solutions were prepared in 10% trichloroacetic acid. The 
plates. were run in butanol/acetic acid/water (120:30:50) 
or ethanol/ammonia(0.880)/water (180:10:10). Unlabelled 
baclofen and GABA were visualized with 0.2% 1,2- 
naphthoquinone-4-sulphonic acid in 5% sodium carbonate solu- 
tion and the position of labelled materials was determined by 
scraping sequential portions of the gel into 1 ml water before the 
- addition of scintillation fluid. The major (in vivo) metabolite of 
=> baclofen, y-hydroxy-8-chloropheny! butyric acid was co-chroma- 
“‘tographed on Separate plates impregnated with a fluorescent 
‘indicator (Merck Keiselgel 60 F254). GABA and baclofen were 
also applied to these plates as markers. The metabolite and 
baclofen were visualized by UV illumination and GABA and 
baclofen again by staining. None of the pellet radioactivity cor- 
responded to this metabolite. The experiment was repeated twice 
more and yielded the same results. 


YL 


log molar displacing agent 


Fig. 3 Illustration of baclofen-sensitive GABA binding sites on 
rat brain synaptic membranes using °H-GABA. Membranes were 
prepared as described in Fig. 1 legend, Thawed pellets were 
similarly washed four times but instead of Krebs-Henseleit solu- 
tion, Tris-HCI! buffer (50 mM, pH 7.4) containing 2.5 mM CaCl 
was used. The binding assay was also performed in a similar 
manner to the *H-baclofen assay except >=H-GABA (10 nM) was 
used as the ligand. Tris-HCI plus Ca*™ solution was used as the 
incubation solution to prevent any Na’ -dependent binding. Iso- 
guvacine HCI (40 uM) was also present in the final incubation - 
mixture in all samples to suppress Ca?* -independent GABA 
binding to GABA, sites. At this concentration, isoguvacine is 
without effect on *H-baclofen binding (Fig. 2) whilst maximally . 
displacing ° 7H-GABA binding at GABA 4 sites. Specific binding of _ 

7H-GABA was that fraction (38 42%) displaced by unlabelled 
(~)baclofen (100 uM). Displacement by other analogues is 
expressed as a percentage of that produced by (—)baclofen 
(100 uM) in the same experiment. Each point is the mean of three 
determinations performed in triplicate. Standard errors were 
<5%. @, GABA; ©, (—)baclofen; A, muscimol; A. (+)baclofen. 


100 uM (—)baclofen represented 18,751 + 1,511 d.p.m. per mg 
protein which was equivalent to 38+ 2% of binding (n = 13 in 
triplicate). This Ca°*-dependent GABA binding was saturable 
and Scatchard analysis indicated a single component (K= 
77 nM, Bmax = 1.22 pmol per mg protein, Hill coefficient = 1.06 
mean of six experiments). The structural specificity of 
compounds which inhibited binding was comparable with that 
observed for displacement of *H-baclofen (Fig. 3). The ‘cross- 
displacement’ between GABA and baclofen strongly suggests 
that they have affinity for a common recognition site which 
differs from the ‘classical’ GABA, site. 

We believe that this is the first binding system to be described 
which is dependent on the presence of divalent cations. 
Enhancement of the binding of opiate agonists and glutamic acid 
by divalent cations has been demonstrated. However, the 
activation of “H-glutamate binding by calcium is markedly 
temperature dependent and persists after removal of the 
cation'’"*, This does not occur at the GABA, site. The activa- 
tion of Na*-independent *H-dihydromorphine binding by cal- 
cium is very weak and it is unlikely that calcium regulates opiate 
receptor binding’’. By contrast, calcium or magnesium seem to 
be necessary to detect binding at the GABAs site, 

Thus, we have shown that tritiated baclofen and GABA can 
bind in a saturable manner to a receptor site on mammalian 
synaptic membranes, and that GABA and (—)baclofen have 
equal affinity for this binding site. Pharmacologically the site 
seems to be identical to that previously described on peripheral 
nerve terminals’? (Table 1) and in mammalian brain slices‘. 
Bicuculline-insensitive GABA sites seem to be present on nerve 
terminals and, when activated, reduce evoked neurotransmitter 
release. Therefore, the GABA, binding site described in this 
study is probably present on nerve terminals. 

We thank Ciba-Geigy Basle for supplies of *H-baclofen and 
the enantiomers of baclofen, and Ciba-Geigy Horsham for 
financial assistance. Isoguvacine, bicuculline methobromide and 
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Earlier reports of oestrogen receptor binding to DNA‘ 
indicated that a protein which does not bind oestrogen might be 
involved in the conversion of the 4S oestradiol receptor to the 5S 
form but no direct evidence for the existence of this protein was 
presented. This receptor transformation or activation step is 
thought to be a requirement for events in the nucleus. We 
considered it likely that such a protein might be similar to the 
cytoplasmic proteins which stimulate eukaryotic RNA poly- 
merases”'*. These are basic proteins which are not adsorbed to 
DEAE cellulose and have a sedimentation coefficient of ~3S. 
To examine this possibility, we fractionated unlabelled uterine 
cytosol by DEAE-cellulose chromatography. Unlabelled 
cytosol was used to avoid the possibility that such a factor might 
be retained on the column as a component of the receptor- 
oestradiol complex. Here we present evidence of a protein 
present in uterine cytosol which forms a complex with the 4S 
form of the oestrogen receptor to produce a 5S-activated form. 
This activated form binds to uterine nuclei, DNA-cellulose and 
native calf thymus DNA. The cytosol protein, which we call 
receptor activation factor, does not bind oestradiol, has a sedi- 
mentation coefficient of ~3S and does not bind to DEAE- 
cellulose. 

Adult female rats of the Holtzman strain were used 2 weeks 
after ovariectomy. All experimental procedures were carried 
out at 4°C. Two uteri were homogenized in 10 ml TETK buffer 
(0.01 M Tris-HCI, 0.001 M EDTA, 12 mM thioglycerol and 
0.075 M KCI, pH 7.8) and centrifuged at 10,000 r.p.m. for 
15 min. The supernatant was centrifuged at 45,000 r.p.m. for 
2h and the cytosol fraction recovered. DEAE-cellulose 
(Whatman DE 52) was equilibrated with TETK buffer and 
washed extensively with the buffer before chromatography. 
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Fig.1 Oestradiol binding to uterine cytosol fractions as a function 
of hormone concentration. Fraction I (©) and fraction H (@) of 
uterine cytosol were prepared as described in the text. Aliquots of 
each fraction were incubated with varying concentrations of °H- 
oestradiol (specific activity 90 Ci mmol” l) in the presence or 
absence of 100-fold excess of DES in a total volume of 350 ul at 
30°C for 30 min. After incubation, the samples were cooled in ice 
and 500 pl of a 60% suspension of HAP added. The samples were 
vortexed, left in ice for 10 min and centrifuged at 3,000 r.p.m. for 
5min. The HAP pellet was washed three times with 0.01 M 
Tris-HCl, 0.001 M EDTA, pH 7.4. The pellet was then extracted 
with 1 mi ethanol and the radioactivity assayed using ACS eal 
sham). Protein was estimated according to Lowry et al." 
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Fig. 2 Efect of fraction I on the sedimentation behaviour of the 
fraction [l~oestradiol complex. Fraction H (45 yg of protein which 
contained the cytosol oestrogen receptor) was incubated with 
10 nM °H-oestradiol in the presence or absence of fraction I (40 pg 
protein) at 30 °C for 30 min. The labelled materials were subjected 
to density-gradient centrifugation on 5-20% linear sucrose 
gradients (in TETK buffer containing 0.3 M KCH at 45,000 7.p.m. 
for 16h. Parallel gradients containing 1 M DES in addition to 

*H-oestradiol were run to compute the specific hormone binding. 
Human y globulin and ovalbumin were used as sedimentation 
markers. @, Fraction H + TETK buffer, ©, fraction I+fraction I. 


Cytosol was applied to the DEAE-cellulose column (2 x 6 cm) 
and allowed to enter the gel, which was washed with TETK 
buffer after 1 h. The fractions that did not adsorb to the DEAE- 
cellulose were recovered (fraction I). The column was then 
washed with TETK buffer containing 0.3 M KCI and the eluted 
material collected (fraction II). Solid (NH,).SO, was added to 
the two fractions to 75% saturation to precipitate the 
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macromolecules and the precipitate was dissolved in the 
required volume of TETK buffer (2 and 4 ml for fractions I and 
IT respectively). 

Concentration-dependent binding of *H-oestradiol to the 
macromolecules in fractions I and II was studied using the 
hydroxyapatite (HAP) assay method as described in Fig. 1 
legend and in Clark and Peck'*. Fraction H showed a saturation 
curve typical of hormone-receptor preparations, but no 
significant binding of oestradiol was found in fraction I (Fig. 1). 
The effects of the addition of fraction I on hormone-binding 
properties of fraction II were examined. Fraction [l—-vestradiol 
complex sedimented as a 4S (3.88) peak on sucrose density 
gradients in the absence of fraction I. However, when equivalent 
protein concentrations of fraction I were mixed with fraction II 
two peaks of bound hormone were observed, one sedimenting at 


*H-oestradiol bound to nuclei 
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Fig.3 a, Effect of addition of fraction I on the binding of fraction 
I{-oestradiol complex to isolated uterine nuclei. Nuclei (25 ug 
DNA) were incubated with 10 nM °H-oestradiol+ 1 pM DES and 
_ fraction JI (40 yg protein) either in the presence (@) or absence (O) 
of fraction I (20 yg protein) at 30°C for various time periods. At 
the end of the incubation the tubes were centrifuged and the 
pelleted. nuclei washed three times with TETK buffer. The °H- 
oestradiol bound to the nuclei was extracted with ethanol and the 
bound hormone. calculated. DNA was measured according to the 
procedure of Burton’®. b, Binding of fraction -oestradiol 
complex to DNA-cellulose as a function of the concentration of 
fraction I proteins. DNA-cellulose (10 pg DNA) was incubated at 
30°C for 30 min with 10nM °H-oestradiol, fraction I (50 pg 
protein) and various concentrations of fraction I (@). Similar 
experiments were done with various levels of fraction I in the 
absence of fraction I (©). Parallel incubations with 1 uM DES were 
also done to establish specific binding. After incubation, the 
_ Samples were cooled in ice and 1 mi of cold TETK buffer added. 
The DNA-cellulose was pelleted after centrifugation for 5 min at 
4 °C (3,000 r.p.m.) and washed three times using 1 mi volumes of 
TETK buffer. The radioactivity bound to DNA-cellulose was 
extracted with ethanol. The counts associated with the DNA- 
cellulose in the presence of 1 M DES were subtracted from the 
total counts to assess the specific binding of the receptor to 
DNA-cellulose. 
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Fig. 4 Effect of fraction I on the binding of fraction II to native 

calf thymus DNA. 20 wg DNA was incubated with fraction II 

(40 ug protein) and 10 nM °H-oestradiol in the presence (@) or 

absence (©) of fraction I (30 ug protein) at 30°C for 30 min. 

Centrifugation on linear 5-20% sucrose gradients (in TETK 

buffer) was done at 45,000r.p.m. for 2h. The dotted line 
represents absorbance at 260 nm. 


SS (4.8S) and the other at 4S (3.8S) (Fig. 2). In the presence of 
fraction I, radioactivity associated with the 4S fraction was 
reduced to less than 50% of that detected in its absence. The 
radioactivity that was lost from the 4S appeared in the 5S peak. 
In all these cases the protein fractions were incubated with 
10nM *H-oestradiol in the presence or absence of 1 uM 
diethylstilboestrol (DES) at 30°C for 30 min before density- 
gradient centrifugation and the nonspecific binding was 
subtracted from the total to determine specific binding. 
Time-dependent binding of fraction [I~oestradiol complex to 
isolated uterine nuclei was investigated. Uterine nuclei were 
purified as follows: uteri were homogenized in TMKC-sucrose 
buffer (10 mM Tris-HCl, pH 7.5, 5 mM MgCl, 25 mM KCI, 
imM CaCl, and 0.5 M sucrose) using a ground glass homo- 
genizer and centrifuged at 2,000 r.p.m. (Beckman JS7.5 rotor) 
for 10 min. The pellet was gently homogenized in the same 
buffer containing 0.25% Triton X-100 and 0.25% NP40, 
filtered through two layers of organza and centrifuged. The 
pellet was resuspended in the buffer, filtered through organza 
and centrifuged twice to remove the detergent. The washed 
pellet was resuspended in TMKC buffer containing 1.9M 
sucrose and centrifuged at 12,000 r.p.m. (Beckman JS-13 rotor) 
for 30 min. The final nuclear pellet was resuspended in TETK 
buffer. Incubation was carried out immediately after the pre- 
paration of the nuclei. Fraction II, in the absence of fraction I, 
was incubated with nuclei and showed initial binding which was 
then reduced to insignificant levels after 20 min (Fig. 3a). In 
contrast, the nucleus-bound hormone showed a sharp increase 
when the nuclei were incubated in the presence of fractions I and 
II. An increase in oestradiol binding to DNA-cellulose’?, 
dependent on the concentration of fraction I, was observed 
when DNA-cellulose suspensions were mixed with a constant 
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Fig. 5 Sedimentation behaviour of the active factor in fraction I 
that stimulates the binding of fraction H-oestradiol complex to 
DNA-cellulose. An aliquot of fraction I was centrifuged on a 
5.20% linear sucrose gradient (in 0.3 M KCI-TETK buffer) at 
45,000 r.p.m. for 16 h. The fractions collected from the punctured 
tube were assayed for the presence of the receptor activation factor 
by incubating with DNA-cellulose (5 yg DNA), fraction H (10 pg 
protein) and 10 nM *H-oestradiol + 1 uM DES at 30 °C for 30 min. 
The specific binding was calculated as described in Fig. 3 legend. 


amount of fraction II protein and varying doses of fraction I (Fig. 
3b). There was no specific binding of oestradiol to DNA- 
cellulose in the absence of fraction I, irrespective of large 
increases in the amount of fraction II protein added. Pretreat- 
ment of fraction I with trypsin destroyed its ability to cause 
binding of fraction II to DNA-cellulose (data not shown), 

Native calf thymus DNA was incubated with fraction H and 
3H-oestradiol in the presence or absence of fraction I (Fig. 4) 
and the samples were layered over 5~20% sucrose density 
gradients and centrifuged at 45,000 r.p.m. for 2h. Gradient 
fractions were examined for the binding of oestradiol—fraction II 
complex to DNA—no binding was observed when the incuba- 
tion was carried out in the absence of fraction I but when fraction 
I was mixed with fraction II the labelled complex co-sedimented 
with the DNA. 

The ability of fraction I to effect the binding of fraction 
II~oestradiol complex to DNA-cellulose was the basis of an 
assay for the detection of the active factor in fraction I. An 
aliquot of fraction I was subjected to density-gradient centri- 
fugation on 5-20% sucrose gradients at 45,000 r.p.m. for 16 h. 
The fractions were individually incubated with known amounts 
of fraction II protein, DNA-cellulose and 10 nM *H-oestradiol 
either in the presence or absence of 1 uM DES. A macromole- 
cular fraction that sedimented at 3S (2.98) was shown to stimu- 
late oestradiol—fraction II binding to DNA-cellulose (Fig. 5)— 
we call this protein the receptor activation factor. 

These data show that a cytosol protein which does not bind 
oestradiol is involved in the activation of the oestrogen receptor. 
This activation factor causes a 4 to 5S shift in the sedimentation 
coefficient of the receptor and allows it to bind to DNA and 
uterine nuclei. It is possible that the basic protein identified by 
Bresciani et al.“ as an intranuclear acceptor for oestrogen 
receptors is similar to the receptor activation factor, which is 
tightly bound to chromatin following nuclear translocation. 
There is an obvious analogy between the activation factor and 
factors which stimulate RNA polymerase activity in other 


eukaryotic systems’ "’. As suggested by Thrower et alf, it is 
possible that the function of the receptor is to translocate this 
factor to the nucleus, where it stimulates transcriptional events. 

This work was supported by a WHO research training grant to 
T.N.R.V.T. and NIH grant HD 08436 to J.H.C. 


Received 28 July 1980; accepted 9 January 1981, 


. Yamamoto, K. R. J. biol. Chem, 249, 7068-7075 (1974). 

_ Notides, A. C. & Neilson, S, J. biol Chem. 249, 1866-1873 (1974). 

. Yamamoto, K. R. & Alberts, B. M. Cell 4, 301-310 (1975). 

_ Thrower, S., Hall, C., Lim, L. & Davison, A. N. Biochem. J. 160, 270-280 (1976). 

Seifart, K. H. Cold Spring Harb, Symp. quant. Biol. 38, 719-725 (1979). 

Stein, H. & Hausen, P. Cold Spring Harb, Symp. quant. Biol. 35, 709-717 (1970). 

Natori, §. J. Biochem. 72, 1291-1294 (1972). 

. Lentfer, D, & Lezius, G. Eur. J. Biochem. 30, 278-284 (1972). 

. Natori, S., Takeuchi, K., Takahashi, K. & Mizuno, D. J. Biochem. 73, 879-888 (1973). 

10, Lee, S. C. & Dahmus, M. E. Proc. natn. Acad. Sei. U.S.A, 70, 1383-1387 (1973). 

. Seifart, K. H., Juhasz, P. P. & Benecke, B. J. Eur. J. Biochem. 33, 181-191 (1973). 

. Clark, J. H. & Peck, E. J, Jr Female Sex Steroids: Receptors and Function, 4~36 (Springer, 
Berlin, 1979}. : 

. Alberts, B. M, & Herrick, G, Meth. Enzym, 21, 198-217 (1971). 

. Bresciani, E., Puca, G., A., Nola, E. & Sica, V. in Control of Proliferation of Animal Cells (eds 
Clarkson, B, & Baserga, R.) 67-83 (Cold Spring Harbor Laboratory, New York, 1974). 

. Lowry, O. H., Rosebrough, M. J., Farr, A. L. & Randall, R. J. J. biol. Chem. 193, 265-278 
(1951). 

. Burton, K. Biochem. J. 62, 313-323 (1956). 


pot jt 
DÈ tm 


pe pah 
oe Lat 


et 
LA 


pt 
o 


SERENON OE 





onc sequences (v-fes) of Snyder- 
Theilen feline sarcoma virus 

are derived from noncontiguous 
regions of a cat cellular gene (c-fes) 


G. Franchini”, J. Event, C. J. Sherrt 
& F. Wong-Staal* 


* Laboratory of Tumor Cell Biology and +t Viral Pathology Section, 
National Cancer Institute, NIH, Bethesda, Maryland 20205, USA 





Type C sarcoma viruses are genetic recombinants containing 
portions of replication-competent helper viruses linked to 
sarcoma virus-specific sequences (generically designated onc 
genes) which are thought to be required for acute fibroblast 
transformation“, The onc elements of different avian and 
mammalian sarcoma viral isolates are each homologous to 
subsets of cellular DNA sequences which have no well-defined 
role in normal cells**. Because of the lack of significant 
homology between helper viral genes and cellular onc 
sequences’ ”, the recombinational mechanisms which facilitate 
the formation of sarcoma viral genomes remain unclear. In 
Moloney murine sarcoma virus, viral onc (or v-mos) and cellular 
onc (or c-mos) sequences exhibit complete and uninterrupted 
homology as determined by heteroduplex and restriction 
enzyme analyses of molecularly cloned DNA’. By contrast, the 
cellular counterparts of the onc elements of Rous sarcoma virus 
(G. Cooper and R. Parker, personal communication), avian 
erythroblastosis virus (B. Vennstrom, personal com- 
munication), Abelson leukaemia virus (D. Baltimore, personal 
communication), Harvey sarcoma virus (E. Scolnick, personal 
communication) and simian sarcoma virus (R. Gallo, personal 
communication) are now known to contain intervening 
sequences which do not appear in the respective viral genomes. 
Here we report the use of the Southern blot technique’ to 
examine cat cellular DNA sequences (c-fes) homologous to the 
onc gene (v-fes) of Snyder-Theilen feline sarcoma virus (ST- 
FeSV)**. We used cloned DNA ‘probes’ containing defined 
portions of the ST-FeSV genome to show that v-fes sequences 
originate from at least four noncontiguous sequences in cat 
cellular DNA, separated from each other by intervening 
sequences. 
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The unintegrated DNA intermediates of ST-FeSV and feline 
leukaemia virus (FeLV) (subgroup B) helper virus have been 
previously cloned in a bacteriophage A vector and characterized 
in detail'*. The v-fes sequences of ST-FeSV are ~1.3 kilobase 
pairs long and include at least three cleavage sites for the 
restriction endonuclease PstI. An additional PstI site is located 
to the right and demarcates a 140-base fragment which includes 
the 3’ junction of v-fes and FeL V-derived sequences (Fig. 1). 
The two larger PstI fragments, each ~0.5 kilobase pairs long, we 
have designated S, and Sx as they represent the left and right 
portions of the v-fes region in 5’ to 3’ orientation with respect to 
viral RNA. S, and Sp DNA fragments were partially purified by 
electroelution from agarose gels and separately subcloned into 
the ampicillin-resistance gene of the plasmid vector pBR322. 
The recombinant plasmids were identified by replica-plating 
and colony hybridization techniques, grown in an Escherichia 
coli host, and their DNA extracted using methods described 
elsewhere’’. Purified plasmids containing S, or Sr were labelled 
with °*P by nick-translation'* and hybridized by the Southern 
blot technique*® to restricted DNA obtained from tissues of 
specific pathogen-free domestic cats (Liberty Laboratories). 

The restriction endonucleases HindIII, EcoRI and BglII do 
not recognize cleavage sites within v-fes sequences’* and when 
cat DNA was cleaved with these enzymes, single c-fes-contain- 
ing fragments of 9.4 (HindIII), 13 (EcoRI) and 22 (Bel IT) 
kilobase pairs were detected with both radiolabelled probes 
(Fig. 2, lanes 1-3). The S, and Sg portions of c-fes must 
therefore be sited at a discrete genetic locus (maximal 
complexity = 9.4 kilobase pairs). 

If sequences homologous to the S; probe were contiguous in 
cat cellular DNA, cleavage with PstI should yield a single 
hybridizable DNA fragment equal in length to that of S, itself 
(~500 bases). However, PstI generated two fragments of 1.8 
and 0.7 kilobase pairs which were detected with the S, probe 
(Fig. 2, lane 6 and Fig. 3, lane 1). The combined length of these 
fragments (2.5 kilobase pairs) is at least 1.9 kilobase pairs longer 
than the S; sequence itself which indicates that the c-fes domain 
related to Sı must contain 1.9 kilobase pairs of intervening 
sequences that include a PstI site absent in v-fes. To orientate 
the 0.7- and 1.8-kilobase pair fragments from 5’ to 3’ with 
respect to viral RNA, we performed co-digestion analyses with 
enzymes that recognize single, asymmetric sites within the v-fes 
Sı region. Figure 1 shows that KpnI and SacI each cleave at 
opposite ends of the S; region within 0.1 kilobase pairs of the 
Pst] termini. Co-digestion of cat DNA with Kpni and Sacil 
yielded a 2.3-kilobase pair fragment which hybridized strongly 
to the S, probe (Fig. 3, lane 9). The length of this fragment was 


Fig. 1 Restriction endonuclease map of cat 
cellular DNA sequences containing regions of 
homology to v-fes. The top line represents the 
linear ST-FeSV provirus from 5‘ to 3’ with 
respect to viral RNA. Subcloned PstI frag- 
ments representing 80% of v-fes (box) and 
labelled S, and Sp were used to map 
homologous sequences in restriction frag- 
ments of cat cellular DNA. The middle line 
shows the sequences homologous to S; and 
Sr probes with c-fes. The complexity and 
location of the central hybridizing sequence 
(stippled area) at the left of the BamHI site 
remain uncertain. Sequences homologous to 
v-fes Sg shown in black contain at least one 
set of intervening sequences no longer than 
1.2 kilobase pairs. The bottom diagram shows 
non-inclusive sites of restriction in cat DNA 
sequences flanking c-fes. Only sites which can Saci 
be assigned using S; and Sg probes are EcoRI 
indicated. 
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~0.2 kilobase pairs shorter than the total complexity of the cefes 
Sı domain (2.5 kilobase pairs) which demonstrates that no Kpni 
or SacI sites can be detected in the region(s) containing inter- 
vening sequences. Digestion with KpnI reduced the length of the 
0.7-kilobase pair PstI fragment by <0.1 kilobase pairs (Fig. 3, 
lanes 1, 2), and SacI reduced the length of the 1.8-kilobase pair 
PstI fragment by a similar extent (Fig. 3, lanes 1, 3). Thus, the 
Q.7-kilobase pair PstI fragment is located at the 5’ end of the 
1.8-kilobase pair PstI fragment (Fig. 1). 

The Sg probe also hybridized to a 1.7-kilobase pair PstI 
fragment which is about three times more complex than the Sg 
sequences themselves (Fig. 2, lane 7). No enzymes tested so far 
have cleaved the S,-related 1.7-kiloblase pair PstI fragment. 
The simplest model places an additional 1.2 kilobase pairs of 
intervening sequences at the centre of the c-fes Sg domain as 
shown in Fig. 1. These data suggest that the complexity of the 
c-fes domain detected with both probes is 4.2 kilobase pairs (Sx, 
1.7 and S,, 2.5 kilobase pairs). 

Co-digestion experiments and hybridization with the two 
probes allowed the sites of cleavage for HindIII and EcoRI to be 
positioned with respect to the defined SacI and Kpni sites in 
c-fes (data not shown). Each of these enzymes recognizes sites 
which are comparatively distant from the c-fes region. Other 
positions for SacI and KpnI cleavage in flanking DNA sequences 
were assigned by similar procedures (see Fig. 2, lanes, 4, 5 and 
Fig. 3, lanes 7, 9 for SacI and Kpnl data). In contrast to HindIII 
and EcoRI, Bgl Il recognizes a cleavage site close to the 5’ end of 
the c-fes Sı domain. Co-digestion with SacI and BglII generates 
a 2.6-kilobase pair fragment detectable with the S, probe (Fig. 
3, lane 8), which positions the BglII site within 0.3 kilobase pairs 
from the left-hand S, PstI site (Fig. 1). 

Although v-fes lacks sites of restriction for BamHI (ref. 15), 
cleavage with this enzyme yielded two DNA fragments of 5.2 
and 2.8 kilobase pairs which were detected with the S, probe 
(Fig. 2, lane 8 and Fig. 3, lane 5). The 2.8-kilobase pair fragment 
alone was seen using the Sg probe (Fig. 2, lane 9) which indicates 
that BamHI, like PstI, recognizes a single site within the c-fes S, 
domain. As expected, the left-hand 5.2-kilobase pair BamHI 
fragment was cleaved by BglII to produce a 2.3-kilobase pair 
S_-related fragment, thus positioning the BamHI site (Fig. 3, 
lanes 5, 6). Co-digestion of cat DNA with BamHI and PstI was 
therefore expected to result in the digestion of the 1.8-kilobase 
pair Pst] fragment to two fragments of ~1.4 and 0.4 kilobase 
pairs. If the 1.4-kilobase pair PstIl-BamHI fragment thus 
produced contained only intervening sequences, we would not 
expect to detect it with the S; probe. Suprisingly, this fragment 
was readily visualized (Fig. 3, lane 4) which indicates that at least 
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some S,-related sequences map within this region. The S,- 
related domain of c-fes must therefore contain at least two 
noncontiguous segment of intervening sequences (Fig. 1). 

The presence of a SalI site within S; sequences suggested that 
it might be possible to localize the central hybridizing sequence 
more precisely within the c-fes Sı domain. However, co-diges- 
tion of cat DNA with SalI and several other enzymes failed to 
demonstrate a Sall site in c-fes. Although we favour the possi- 
bility that the SalI hexanucleotide recognition sequence is 
methylated, we cannot exclude the possibility that the SalI site is 
in fact absent. 

Thus, cloned subgenomic DNA fragments representing 
~80% of the ST-FeSV sarcoma virus-specific sequences can be 
used to detect a discrete c-fes locus in the cellular DNA of 
normal domestic cats. This locus (estimated complexity of S, 
and Sp, 4.2 kilobase pairs) is significantly more complex than 
v-fes itself and contains at least three subsets of intervening 
sequences which lack homology to the viral onc gene. Although 
the presence of intervening sequences is suggested by the 
complexity of the c-fes locus alone, our positioning of the 
intervening sequences is based on the simple assumption that 
the restriction sites in v-fes are retained in c-fes. In the case of 
v-fes Sı, sequences where five sites for restriction endonuclease 
cleavage have been assigned, at least four (and possibly all) of 
these seem to be retained in the c-fes Sı domain. Two additional 
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Fig. 3 Co-digestion experiments done using the S; probe. The 
enzymes used are indicated above the lanes and the lengths of the 
fragments in kilobase pairs are shown at the sides. 








— 22.0 
are 1.8 
=> =i 
S, Sp 
~0.7 


(30 ug per lane) was digested and hybridized 
in conditions described by Wahl et al.”°. The 
sizes of fragments (in kilobase pairs, kb) were 
determined from the positions of restriction 
fragments of adenovirus type 2 DNA 
(Bethesda Research Laboratories) used as 
internal digestion standards. Lanes 1~3 show 
results from a 0.8% gel using the S$, probe; 
identical results were obtained with Sp or 
with a mixture of S; and Spg probes, Lanes 4, 
5, 8 and 9 show results from 1.4% gels and 
lanes 6 and 7 from a 1% gel. The enzymes 
used are indicated above the lanes and the 
probes are noted below. 


sites for BamHI and PstI also appear within the c-fes Sı domain 
and map within two different intervening sequences. Because no 
sites other than those for PstI have been assigned within the 
v-fes Sg region itself or within the c-fes Sp domain, we cannot 
determine whether the Sg domain includes one or more subsets 
of intervening sequences, nor can we exclude the possibility that 
a PstI site in v-fes has no homologue in c-fes. Finally, we have 
not positioned the sequences in cellular DNA that are homolo- 
gous to the extreme 5’ end (0.2-0.4 kilobase pairs) and 3’ end 
(0.1 kilobase pairs) of v-fes for which specific probes are 
unavailable. The close proximity of the BglII site to the 5’ end of 
the S, domain raises the possibility, however, that this site maps 
within yet another c-fes intervening sequence. Thus, it seems 
likely that c-fes is indeed more complex than our minimal 
estimate of 4.6 kilobase pairs (Sı, Sr and unmapped terminal 
v-fes sequences). 

The organization of the c-fes gene raises critical questions 
concerning the formation of feline sarcoma viral genomes. 
ST-FeSV encodes a polyprotein of 85,000 molecular weight’*"’ 
which shows protein kinase activity’’’? and is specified in 
part by v-fes sequences’*. Transformation-defective ST-FeSV 
mutants”° synthesize altered polyproteins that have no kinase 
activity (M. Barbacid, S. K. Ruscetti, L. Donner and C. J. Sherr, 
unpublished data) which strongly suggests that expression of the 
v-fes encoded function is required for ST-FeSV-induced trans- 
formation. If, like the Rous sarcoma viral system**”’, the cellu- 
lar onc gene codes for a protein which is immunologically and 
functionally related to that encoded by ST-FeSV, the interven- 
ing sequences would presumably represent noncoding regions of 
the cellular gene (introns) which would be deleted after forma- 
tion of the primary transcripts. Although formation of recom- 
binant FeSV genomes could involve cross-over between a 
helper DNA provirus and c-fes DNA sequences, the retention 
of only the putative coding regions (exons) would then have to 
involve a process of systematic DNA deletions analogous to 
RNA splicing events. Alternatively, spliced c-fes mRNA mole- 
cules could be packaged in helper viral particles, copied by 
reverse transcription into DNA in another round of infection, 
and be subsequently recombined with proviral DNA. Whatever 
the mechanism, the formation of transforming sarcoma viruses 
would at least require the retention of the critical coding 
sequences of the cellular gene. As the Gardner—Arnstein (GA) 
strain of FeSV** has also acquired sequences homologous to 
v-fes®, it will be of interest to see if the differences between the 
ST and GA strains'*"’ reside in the sarcoma virus-specific or 
helper virus-derived regions of these genomes. 

We thank Dr William Mc Clements for his advice in preparing 
the plasmid subclones, Dr Robert C. Gallo for helpful criticisms 
and support, K. Gorse for assistance with the experiments, and 
the many investigators for communication of the unpublished 
results. 
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Deletions and insertions of base pairs in DNA, jointly called gap 
events, are one of the major sources of evolutionary change at 


the molecular level. On the basis of very limited data, Fitch’ has 
suggested that deletions might be expressed more often than 
insertions in proteins. We have examined the presently available 
homologous protein sequences, and observed that in the course 
of evolution, deletions of amino acids have indeed occurred 
about four times more frequently than insertions. An even 
higher preponderance of deletions over insertions (ten times or 
more) is found in recent spontaneous and induced mutants of 
genes or proteins. We propose here a mutational mechanism to 
explain this predominance of deletions. 

Gap events are relatively rare in protein evolution, and mainly 
occur vin the early stages of divergent evolution of duplicated 
genes’. A study of gap events in the evolution of a protein 
requires a phylogenetic tree that allows us to differentiate 
between insertions and deletions. This means that the gap events 
must be located far enough from the root of the tree, and that the 
sequence homology must be sufficiently close to allow a reason- 
ably unambiguous placement of gaps in the aligned sequences. 
In trees of distantly related proteins the large number of point 
mutations usually does not allow an unambiguous positioning of 
the gaps in the tree, whereas trees of closely related proteins 
have most of the gaps at the root. Therefore rather few protein 
families meet the above conditions for assignment of deletions 
or insertions. 

We have, however, been able to trace nine families, compris- 
ing a total of 178 sequences, which are useful in this respect 
(Table 1). They contain a total of 37 gaps representing, on 
average, 2.2% of the total number of mutations. The figure 
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varies from less than 1% for trees of closely related sequences to 
5% for more distantly related ones. As silent mutations are not 
included, the percent of gaps among the accepted changes must 
be even lower at the DNA level. Of the 37 gaps, 23 involve a 
single amino acid residue, 7 involve 2 residues and the remaining 
gaps involve 3 and 5 residues. The data show a fourfold excess of 
deletions over insertions. This preponderance of deletions in 
protein evolution suggests either that deletions are more readily 
accepted than insertions, or that there is a higher incidence of 
deletions than insertions at the DNA level. The former possi- 
bility is difficult to assess, but the latter explanation can be tested 
by examining gap events among mutant proteins and genes 
which are not constrained by selective pressure at the protein 
level. 

Most informative in this respect are the abnormal human 
haemoglobins, of which a total of 204 different variants have 
been characterized. Among these are 10 deletions, varying in 
length from one to five residues, and only a single insertion, of 
three residues (Table 2). Although numerous mutants of pro- 
karyotic and eukaryotic genes and proteins are known, only very 
few have been characterized at the level of the nucleotide or 
amino acid sequence. However, large collections of mutants of 
the /ac I gene and the A-receptor propeptide gene of Escherichia 
coli have been analysed by nucleotide sequencing (Table 2). 
These studies show that >90% of the gap events are deletions, 
and that the gaps represent at least some 50% of the mutations 
when selection is absent. 

We have also included (Table 2) the recently sequenced 
haemoglobin pseudogenes, which were probably functional 
genes up to a point where frameshift mutations and other 


changes prevented their expression, after which the acceptance 


f mutations in such pseudogenes was no longer constrained by 


J elective forces at the protein level, and they were more free to 
On | _®” accumulate deletions and insertions than coding genes. In the 


pseudogenes for which sequences have been published, 14 
deletions and 7 insertions can be demonstrated with certainty. 
Comparison of other published sequences of non-coding DNA 
reveals that deletions, insertions and small duplications are 
indeed the most frequent mutational events in unconstrained 
sequences’, but does not allow any distinction between deletions 
and insertions. 

The data show that the surplus of deletions and the prepon- 
derance of gaps among the mutations are inherent in the muta- 
tional process and that selection at the protein level reduces 
their proportion. Possible mechanisms for the creation of gaps 
include unequal cross-over between homologous genes’, and, 
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Fig. 1 Mutational model to explain the excess of deletions. 
Breakage of a DNA strand is followed by gap formation and 
looping-out of bases by slip mispairing; a and b represent the 
repair pathways resulting in deletion and addition of bases, 
respectively, according to the original Streisinger model’. If, as 
shown in a’ and 5’, the extrahelical loops are trimmed off by 
single-strand specific nuclease an excess of deletions follows, The 
removal of extrahelical bases can occur concomitantly with or after 
the repair process, but should take place before the replication 
process starts. 
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. Table 1 Gap events in evolving proteins 
RRC 
No. of No. of No. of No. of No. of Gaps as % of 
Protein family sequences positions deletions — insertions undecided gaps mutations Ref. 

Vertebrate myoglobins 31 153 1 0 0 0.5 15 
Vertebrate pancreatic ribonucleases 43 123 2 0 2 1.2 16 
Vertebrate a-crystallin A chains 43 173 2 0 0 2.0 17 
Eukaryotic cytochrome c 6 101 2 0 2 2.4 
Eukaryotic and cyanobacterial 

plastocyanins 12 102 1 0 1 13 18 
Vertebrate phospholipases 8 126 6 3 2 4.7 18 
Mammalian lipotropins 4 93 0 1 0 a3 18 
Mammalian proinsulins 7 87 3 0) 0) 4,9 18 
Vertebrate globins 24 146 ae 2 o 2.5 18 

Sum 178 24 6 7 2.2 


Phylogenetic trees, if not published,-were constructed for each protein family'*, and the number of substitutions, deletions, insertions and 
undecided gaps counted. Gaps were counted as a 21st amino acid. In the calculation of mutations the termini of the aligned polypeptide chains counted 
from the shortest one or a penultimate gap in the longer one were excluded. This was because gaps in this region might be due to base substitutions 
involving initiation or termination codons, and not to deletions or additions of bases, and furthermore, at penultimate positions the assignment of gaps 
or substitutions may be arbitrary. Several protein families that actually contain considerable numbers of gap events are not included because their 
cladistic relationships are difficult to assess (all viral and prokaryotic sequences; snake neurotoxins and cytotoxins; immunoglobulins) or their 
alignment too ambiguous (fibrinopeptides). 
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Table 2 Gap mutations in mutant genes or proteins subject to no selection or only partial selection 
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Gaps as % 
No. of of total 
Gene or protein mutants Deletions Insertions mutations Type of selection Ref. 
Human haemoglobin variants 204 10 1 5 Functional or sublethal 3 
protein 

E. coli lac I gene 14 20* i+ 46t No selection 10 
E. coli A-receptor protein gene 27 13 48 No selection 19 
Neurospora crassa glutamate dehydrogenase, 

revertants of am6 mutant 14 14 100§ 20 
Haemoglobin pseudogenes||: 

mouse a-3 § 6 18 Possibly no 21 

human wal 3 3 selection after 22 

rabbit yp2 2 3 expression 23 

goat B 1 1 4 ceased 24 





* One of these mutations appeared 18 times in the collection, but is counted only once (hotspot mutation). 

+ This mutation appeared 78 times in the collection but is counted only once (same hotspot as in *) It reverted with a frequency of 107°. 
+ This is a low estimate because not all mutants were characterized. If the multiple hotspot mutations are included it increases to >80%. 
§ All 14 revertants analysed were found to be deletions, although the am6 mutant itself is thought to be a one-base insertion. 

| Only the positions corresponding to the expressed portions of the functional genes are considered. 


in some cases, changes at intron-exon junctions“ *. Most gaps, polypeptide chains—this seems to be true for the insulin C 


however, can probably be adequately explained by the peptide’*, and the ancestral globin chain was probably longer 
Streisinger model’ in which DNA strand breakage is followed by than the contemporary vertebrate haemoglobin and myoglobin 
‘slipped mispairing’ and consolidation of the mispaired chains (excluding terminal extensions). However, the shorten- 
configuration by DNA repair. Such ‘slippage’ would be favoured ing effect of the deletion events is not dramatic: they are very 
by tandemly repeated nucleotide sequences; insertions and rarely accepted in proteins with stabilized functions, compared 
deletions frequently (but not always) occur in repeated with the frequency of amino acid substitutions. 
sequences’, In agreement with this model, it has been found 
that most gap mutations produced by UV light, arise during 
excision repair”. 

The Streisinger model explains deletions equally well as Ref ee een eee reatweneag! eoemeerg 
insertions, and does not a priori lead one to expect a prepon- 
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Studies both in vivo’? and in vitre’* have shown that substi- 
tuted benzimidazoles inhibit the stimulation of acid secretion 
produced by dibutyryl cyclic AMP and histamine. Furthermore, 
the results differ from those produced by H, antagonists and 
anticholinergic agents in that the inhibition is not competitive, 
and the site of action is intracellular and peripheral to that of 
dibutyryl cyclic AMP. To investigate the biochemical 
mechanism of action of substituted benzimidazoles, one such 
compound, H 149/94 (2-{ [2-(3-methyl)pyridyl-methyl]- 
sulphinyl} -5-methoxycarbonyl-6-methylbenzimidazol), has 
been tested either directly on an (H* +K*)ATPase isolated 
from pig and human gastric mucosa or on the function of this 
enzyme in gastric glands isolated from rabbit and human gastric 
mucosa. (H* +K*)ATPase”’, which has only been found at the 
secretory surface of the parietal cell’, catalyses a one-to-one 
exchange of protons and potassium ions", It is possibly the 
proton pump within the gastric mucosa, and may thus be the 
terminal or one of the terminal steps of the acid secretory 
process™™™, We show here that H 149/94 inhibits (H* + 
K*)ATPase, which may explain its inhibitory action on acid 
secretion in vitre and in vivo. Because of the unique distribution 
and properties of the (H* + K*)ATPase, the inhibitory action of 
H 149/94 on this enzyme may be a highly selective clinical 
means of suppressing the acid secretory process. 

Isolated gastric glands have been shown to respond to a 
number of different secretagogues and _ inhibitors’’*’?. 
Secretagogues such as dibutyryl cyclic AMP and K* stimulate 
acid secretion intracellularly, presumably at a site close to the 
(H*+K*)ATPase'*"*. In contrast, histamine and acetylcholine 
have a site of action further removed from the enzyme'*"'®*””. 
This may be either extracellular or at an earlier stage in the 
sequence of events leading to acid secretion, possibly reflecting 
the physiological role of such agonists in the control of acid 
secretion. Thus, isolated gastric glands, used in conjunction with 
specific cholinergic and histaminergic antagonists, provide a 
useful experimental model for determining the site of action of 
drugs influencing acid secretion, independently of hormonal and 
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Fig. 1 The inhibitory action of H 149/94, atropine and cimeti- 
dine on ““C-AP accumulation induced by different agonists in 
isolated gastric glands from rabbit mucosa. The preparation and 
incubation of the isolated glands was essentially as described 
elsewhere!" except that the incubation volume was reduced 
from 3 to 0.2 ml and the amount of glands also reduced propor- 
tionally. The glands were suspended in a Physiological buffer 
solution containing rabbit albumin (2 mg ml"), glucose (10 mM) 
and '*C-AP (0.25 Ci and 8 pmol per incubation), and incubated 
in a shaking bath for 90 min at 37°C. After the incubation the 
glands were spun down at 2,000g for 2 min. The supernatant was 
removed and the wet and dry weights of the pellet determined. The 
dried pellets were solubilized in 1 mi Soluene. Dimilume (10 ml) 
was added and the radioactivity then counted. H 149/94 was 
dissolved in methanol. All incubations contained 1% methanol, 
which had no influence on the ‘“C-AP ratio, All other added 
substances were dissolved in the physiological buffer solution. In 
the experiments with high [K~] (0.1 M), the glands were washed 
three times with an incubation medium in which KCI (0.1 M) had 
been substituted for NaCl (0.1 M). The respective control values 
without antagonist have been set to 100%. The results are mean | 
+s.e. of 6-8 observations. A statistically significant difference 
(P<0.05 Student’s t-test) from control is denoted by an asterisk. 


nervous influence. Although the rate of acid secretion cannot be 
measured quantitatively with isolated glands, the acid secretory 
response can be monitored semiquantitatively by measuring the 
uptake of a radiolabelled weak base, '“C-aminopyrine (“C- 
AP), which accumulates in the glands in proportion to the pH 
differences between the intraglandular acid compartments and 
the surrounding medium™ 

The effects of H 149/94 (10-4, 10°° M), cimetidine (107* M) 
and atropine (10°* M) on ““C-AP accumulation in rabbit gastric 
glands stimulated by histamine, dibutyryl cyclic AMP and K* 
are shown in Fig. 1. Atropine had no inhibitory effect in the 
presence of any agonist. Cimetidine inhibited the response to 
histamine (54 uM) but had no effect in the presence of dibutyryl 
cyclic AMP (1 mM) or K* (0.1 M). H 149/94 produced dose- 
dependent inhibition (EDs ~ 107° M) of '*C-AP accumulation 
irrespective of the agonist used. The presence of potassium is an 
absolute requirement for acid secretion, presumably reflecting 
its involvement in the exchange process catalysed by (H° + 
K*)ATPase’’**. The marked inhibition of K*-induced “C-AP 
accumulation produced by H149/94 therefore strongly 
supports the view that this compound interferes with acid 
secretion at or close to the enzyme, the probable terminal step of 
the secretory process. The lack of effect with cimetidine and 
atropine suggests a more distant site of action of these 
compounds. 
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. ATP 1074M the absence of inhibitor. The interpretation of the control curve 
Ope e (| a has been described elsewhere''' but briefly, on addition of 
= | wee ATP there is a rapid loss of acridine orange absorbance cor- 
ae (0-°M ao responding to transport of H* into the vesicle. This is followed 
z 0.05} by an increase in the absorbance produced by an outward H* 
E | leak, due to depletion of intravesicular K*. Thus, the H* trans- 
£ | Control port signal is both ATP and K* dependent. In this experiment 
$ oal (Fig. 2) the vesicle preparation was incubated with H 149/94 at 
reece Se A a ae SAA. concentrations of 10°°, 10°* and 10°* M. There was progressive 
Q 100 20 a na 400. -300 -600 inhibition of the transport signal with increasing H 149/94 
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Fig. 2 Effect of H 149/94 on proton transport catalysed by the 
(H* +K~”)ATPase. Gastric membranes were prepared from p F 
stomach by differential and zonal density gradient centrifugation 

The vesicle fraction (~40 pgmI™*) was equilibrated at 4 °C 
overnight in the following medium: 2mM PIPES-Tris, pH 6.7, 
150 mM KCl, 2 mM MgCl, with or without H 149/94 at concen- 
trations of 1074, 10, 10°° M as indicated. H 149/94 was dis- 
solved in methanol, Allincubations contained 1% methanol, which 
had no influence on the assay. At the start of the experiment 20 yM 
acridine orange was added to the sample and the reaction started 
by the addition of 0.6mM ATP (disodium salt). The acridine 
orange absorbance change was monitored in an Aminco DW-2 
spectrophotometer in the dual-beam mode set at 490 and 530 nm. 


concentrations—that is, proton transport was inhibited. 

To test whether this inhibition of proton transport was a 
consequence of decreased (H* +K*)ATPase pump activity, K*- 
ATPase activities were measured at different H 149/94 
concentrations. Figure 3 shows that H 149/94 produces dose- 
dependent inhibition of (H* + K*)ATPase activity in contrast to 
cimetidine and atropine. We therefore conclude that the inhibi- 
tion of proton transport by H 149/94 (Fig. 2) corresponds to the 
inhibition of (H* +K*)ATPase activity seen in Fig. 3. 


100 


To explore the possibility that H 149/94 interacts directly 
with (H*+K*)ATPase, the enzyme was isolated from pig 
stomach by differential and zonal gradient centrifugation”. The 
vesicular fraction sedimenting between the 0.25 M sucrose-8% 
Ficoll interface was either used directly for proton transport 
studies, or further purified by free-flow electrophoresis and 
subsequent lyophilization for studies with an ATPase assay. 
Fresh vesicles are relatively impermeable to cations such as 
protons and K* and readily allow measurements of proton 
transport’, which can be quantified using the dye acridine 
orange. The control curve in Fig. 2 shows the acridine orange 
absorbance, when ATP is added to the K*-preloaded vesicles in 
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Fig. 4 The inhibitory action of H 149/94 on dibutyryl cyclic AMP 
(107? M)-induced '“C-AP accumulation in human isolated gastric 
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Fig. 3 The effects of H 149/94, atropine and cimetidine on 
sees gastric (H*+K*)ATPase from pig mucosa. The (H* + 

K*)ATPase was obtained by differential and zonal density dis- 
continuous gradient centrifugation followed by free-flow electro- 
phoresis’. (H* +K*)ATPase activity was quantified by the K`- 
stimulated release of phosphate”. The incubation concentrations 
were Tris-HCl 40 mM, pH 7.4, MgCl, 2 mM, ATP 2 mM, with or 
without KCI 10 mM. The enzyme (~10 ug per incubation) was 
preincubated with the drugs for 30 min and the time of incubation 
was 15 min at 37°C. H 149/94 was dissolved in methanol. All 
incubations contained 1% methanol, which had no influence on 

(H* +K*)ATPase activity. 


eet ne Ne LN OO NN ATCA NA NN aannaaien aa aan aa A TENES NOEN EONO O NOAE ne hirmemen-rmamaeutsuip 


eae (C) and P, release catalysed by isolated human (H* + 
K*)ATPase (W). The mucosa was obtained from surgical biopsies 
taken during gastrectomy for either recurrent gastric ulcer OF 
recurrent ulceration after previous vagotomy. The isolated glands” 
were prepared as for the isolated gastric glands from rabbit (Fig. 1). 
(H* +K*)ATPase was prepared by differential centrifugation and 
further purified on a discontinuous step gradient’. The ATPase 
assay was performed as for pig (H` +K~)ATPase (Fig. 3) except 
that the release of radiolabelled phosphate from [ y ~ ?*PJATP was 
measured’’. The results are mean +s.e. of four observations. 


H 149/94 inhibits gastric acid secretion in man (Olbe et al., 
unpublished observation), As the therapeutic value of the 
compound may be its antisecretory activity in peptic ulcer 
patients, a series of experiments similar to those described above 
was performed on isolated gastric glands and (H° +K*)ATPase 
obtained from gastric mucosal biopsy specimens from such 
patients. The results are shown in Fig. 4. H 149/94, at concen- 
trations comparable with those found effective in the animal 
preparations, produced dose-dependent inhibition of both 
dibutyryl cyclic AMP-induced ‘“C-AP accumulation in gastric 
glands, and P; release from vesicles. 

Thus, these results suggest that the substituted benzimidazole, 
H 149/94, is an inhibitor of the (H* + K*)ATPase and provide a 
mechanism for the inhibitory effects of H 149/94 on acid 
secretion which have been demonstrated in vitro and in vivo’. 
Because of the unique distribution of the (H* + K*)ATPase, the 
inhibitory effects of H 149/94 may offer a highly selective means 
of suppressing secretion for therapeutic purposes. 
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Knowledge of the interactions of alkanes and other small 
hydrophobic molecules dissolved in lipid bilayers is important 
for understanding lipid-protein interactions in membranes’, the 
microscopic properties of solutions*’ and the mechanism of 
anaesthesia**. An essential element for describing these inter- 
actions is the distribution of the molecules across the thickness 
of the bilayer. Studies of black lipid films'*’” strongly suggest 
that dissolved alkanes are located primarily in the centre of the 
bilayer. Recent X-ray and neutron diffraction and ther- 
modynamic measurements on lipid dispersions and oriented 
lipid multilayers are consistent with this view'°"'*. We present 
here the first direct evidence for this hypothesis obtained from 
neutron diffraction studies of oriented dioleoyl lecithin (DOL) 
multilayers containing deuterated hexane introduced using the 
vapour phase. The hexane is found mainly in a zone 10 A wide in 
the centre of the bilayer. We have also estimated the amount of 
hexane in the bilayers and the free energy of transfer from pure 
hexane to bilayer. Our numbers are considerably different from 
those reported by Simon et al, for the interaction of hexane 
with DOL liposomes. The differences may be due to difference 
in water activity and bilayer curvature’. 

The neutron scattering length of the hydrogen nucleus is 
—0-38 x 10'* cm whereas for the deuterium nucleus it is +0-65 x 
10° cm (ref. 15). Consequently, the introduction of deuterated 
alkane into a bilayer containing non-deuterated acyl chains 
produces large changes in the neutron scattering density of the 
hydrophobic core of the bilayer. The location of the alkane can 
be established in the following way. Diffraction measurements 
are performed on lipid bilayers containing hydrogenated alkane 
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(H-alkane) and on bilayers containing deuterated alkane @- 
alkane) at the same concentration. The resulting structure 
factors are used to construct neutron scattering density profiles 
Px(x) and pp(x) of the bilayers containing, respectively, H- 
alkane and D-alkane. Subtraction of the two profiles yields the 
difference scattering density profile Ap(x) = pp(x)~ py(x). The 
contribution made to each profile by the water, polar groups and 
acyl chains are the same and cancel out. Therefore, Ap(x) 
represents the distribution of the deuterated alkane across the 
thickness of the bilayer. This general method’* has been used to 
locate water'”'*, cholesterol’? and specific atoms on phos- 
phatidylcholine molecules?” in lipid bilayers. 

Here we have measured the distribution of n-hexane in DOL 
bilayers at relatively low hexane concentrations. Hexane was 
chosen for this initial study of alkane—bilayer interactions 
because (1) it has a high vapour pressure and can be introduced 
into the bilayer via the vapour phase in equilibrium conditions: 
(2) the vapour pressure can be controlled with hexane/hexa- 
decane mixtures whose thermodynamic properties are well 
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Fig. 1 Diffraction patterns collected at the High Flux Beam 
Reactor at Brookhaven National Laboratory of the lamellar 
reflections of DOL multilayers in the presence of deuterated 
hexane (a) and hydrogenated hexane (6). Both patterns show four 
orders of diffraction (4 = 4) as recorded by a two-dimensional 
detector in fixed position as the sample was rotated in 0.1° steps 
through the Bragg angle with respect to the incident beam. The 
diffraction patterns were the typical lamellar type with a mosaic 
spread of 0.1-0.4°. The typical d-spacing was 48 A. The sample 
was oriented on a quartz slide sealed in an aluminium chamber 
(temperature 22.5°C). RH was maintained at 66% with a 
saturated sodium nitrite solution (100% H-0, 0% D-0). The 
vapour pressure (P) of hexane was fixed at 40mm Hg with a 
hexane/hexadecane mixture. P= XP) where Xj; is the mole 
fraction of hexane in the mixture (0.3 in this case) and Po is the 
vapour pressure of pure hexane (134 mm Hg, 22.5 °C), The sample 
came into equilibrium with the hexane vapour within 2 h as shown 
by unchanging diffraction patterns. 
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known”; (3) thermodynamic information is available on the 
hexane~DOL interaction in liposomes’” and similar information 
can be obtained for the oriented multibilayer system used here; 
and (4) hexane is an anaesthetic agent”. 

DOL multilayers were deposited on a quartz slide by 
evaporation from a 1:1 chloroform/methanol solution and 
mounted in the neutron beam in a sealed aluminium container. 
The DOL had been purified by thick-laver chromatography and 
great care was taken to insure that all the solvent used in 
depositing the sample had been removed. The experiments were 
performed at 22.5°C and 66% relative humidity (RH) main- 
tained by a saturated aqueous solution of sodium nitrite. The 
vapour pressure, P, of the hexane was controlled by 
hexane/hexadecane mixtures which behave nearly ideally so 
that P= XYPo where Po is the vapour pressure of pure hexane 
(134 mm Hg at 22.5 °C) and X} is the mole fraction of hexane 
in the mixture. Xp ranged from 0 to 0-3 for these experiments. 
The hexane activity (Xq ) required for narcosis in mice is 0.13 at 
37 °C (ref. 23). 

Typical uncorrected J(@) curves collected from DOL multi- 
layers in the presence of hexane are shown in Fig. 1. The upper 
curve (a) is for D-hexane and the lower curve (b) for H-hexane. 
In both cases, X4 =0.3. The two /(@) curves are clearly 
different due to the difference in scattering density of H- and 
D-hexane. As shown in Fig. 2, the structure factors derived from 
such data were accurately a linear function of the percentage of 
D-hexane in the hexane phase. The phases for the first four 
orders for Xg = 0.3 are —, ~, +, — and are the same as for 


0 50 
% D-hexane 


Fig. 2 Structure factors F(A) for DOL multilayers in the presence 
of hexane vapour as a function of the per cent D-hexane in the 
vapour phase (temperature 22.5 °C, RH = 66% [100% H,O, 0% 
D-0}, Xf = 0.3 [P = 40 mm Hg). F(A) = 5(h) (p)? where I is 
the intensity corrected for background and sample-beam inter- 
section and s({h) is the correct phase assignment (+1 or —1). The 
Lorentz correction has also been applied. The Fík) values are 
linear, justifying the use of the difference Patterson deconvolution 
method“? to establish the phase assignment for each value of F. 
There were no changes in phase as Xj; varied from 0 to 0.3. The 
figure shows the phases to be the same for D-hexane and H-hexane 
in this range. The phase assignments for the first four orders are 
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Xu =0. These phases agree with assignments by others for 
dipalmitoyl lecithin’’, dipalmitoyl lecithin—cholesterol'* andegg 
lecithin—cholesterol"®, a 

Figure 3a shows the neutron scattering density profiles pp(x) 
and p(x) for DOL bilayers containing, respectively, D-hexane 
(curve D) and H-hexane (curve H) at X = 0.3. The H-hexane 
profile has the typical appearance expected of bilayers and is 
essentially identical to profiles of hexane-free bilayers (not 
shown). This result is consistent with the findings of Franks and 
Lieb’ on lecithin/cholesterol bilayers containing cyclo- 
propane—the alkanes at moderate concentrations have no 
significant effect on the gross structure of the bilayer. However, 
the presence of alkane in the bilayer is clearly shown by the 
D-hexane profile. Note that the methyl trough in the centre of 
the bilayer has been ‘filled in’ due to the presence of the 
D-hexane in the bilayer centre. This is shown more dramatically 
in Fig. 4 in which difference profiles pp(x) ~ p(x) are plotted for 
Xy = 0.05, 0.10, 0.20 and 0.30. These profiles unambiguously 
demonstrate that the hexane is largely confined to the centre of 
the bilayer and that the amount of hexane in the centre depends 
directly on hexane vapour pressure. 

A surprising finding is that the d-spacing of the samples does 
not depend, within the instrumental sensitivity (+0.4 A), on the 
hexane vapour pressure. Consistent with this finding, Franks 
and Lieb’ reported that halothane at high concentrations has 
no effect on the thickness of lecithin/cholesterol bilayers. To 
examine further this finding and to estimate the amount of 
hexane in the bilayer, we have constructed absolute neutron 
scattering density ‘strip’ models for the bilayers for the different 
experimental conditions to ~10A_ resolution (Fig. 3b). 
Acceptable models predicted structure factors that agreed with 
the experimental ones to within 1%, We made several interes- 
ting observations using this approach. First, the hydrocarbon 
thickness of the bilayer is independent of Xf and apparently 
does not vary by more than 0.1 A. Second, the hexane is 
confined largely to the centre of the bilayer in a zone ~10 A 
thick, although at the highest X} a very small amount of hexane 
begins to appear in the hydrophobic regions near the polar 
groups (Fig. 3a). Third, the scattering density of the central zone 
is, to within experimental error, a linear function of XRB. This last 
result means that we were performing the experiments in the 
Henry’s law region of the bilayer’s hexane solubility curve. 

We have estimated the amount of D-hexane in the bilayers 
from the strip models. The mole fraction X?, of hexane in 
bilayer (relative to the number of acyl chains) is 0.105 for 
Xu = 0.30, corresponding to about 12 hexanes per 100 acyl 
chains. If there were no change in Ag (the area per phospholipid 
at the lipid/water interface), this much hexane should have 
caused the hydrophobic core of the bilayer to thicken by about 
1.3 A. Our absolute neutron scattering density models, which 
are sensitive to changes in hydrocarbon thickness as small as 
0.1 A, show no thickening and we conclude that Ao must 
increase from ~70 A? to 74 A? as X™ increases from 0 to 0.3. 
Alkanes cause large increases in the thickness of black lipid 
membranes”’’ without apparently affecting Ao (ref. 7). We do 
not know why we observe no change in thickness but we note 
that, unlike the usual situation for black films, the activities of 
hexane and water were considerably less than 1 in our experi- 
ments. White”* has measured the effect on bilayer thickness of 
variations in the mole fraction (XB) of decane in the torus 
surrounding black films formed from glyceryl monooleate. 
Increasing Xp from 0 to 0.3 causes the thickness to increase by 
1.2 A, which suggests that water activity may be important in 
determining the response of Ay to alkanes dissolved in the 
bilayer because the black film is formed at a water activity of 
almost 1. | 

Because we can estimate the amount of hexane in the DOL 
bilayers as a function of Xf, we can also estimate the free energy 
of transfer (us —y) of hexane from the pure liquid to the 
bilayer. Consistent with being in the Henry’s law solubility 
region, we find that the ratio X{/X}, is independent of X@ and 
is 2.86+0.16. This ratio is, of course, the activity coefficient of 
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the hexane in the bilayer referred to pure hexane. The 
hexane/hexadecane mixture is nearly ideal, so that u? — u? = 
RT In (Xñ/X ù), which yields 600 cal mol™’. If one refers X°, 
to the number of phospholipids rather than the number of acyl 
chains, the free energy of transfer is 270 cal mol™', which is 
considerably smaller than the value of 1,560 cal mol”' reported 
by Simon et al.” for DOL liposomes in water. Our results also 
differ from those of Simon et al.’ in that we estimate from their 
data that for Xa = 0.30, the mole fraction of hexane in the 
liposome bilayer is ~0.01 referred to the number of acyl chains; 
this is one-tenth the value obtained by us. 

The large differences between our results and those of Simon 
et al.” may exist for several reasons. First, our estimate of X? 
may be in error because of the problems inherent in constructing 
absolute neutron scattering density models. A factor of 10 error 
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Fig. 3 a, 12 A-resolution neutron scattering density profiles 
(relative scale) for oriented DOL multilayers containing D-hexane 
(D) and H-hexane (H) (temperature 22.5°C, RH=66% 
[100% HO, 0% D,O], X¥ = 0.3). The presence of the D-hexane 
is clearly revealed by the increased scattering density in the centre 
of the profile for the D-hexane case (D). 6, Absolute neutron 
scattering density strip models whose 12 A Fourier reconstructions 
agree with the syntheses in a with an R-value of <1%. The 
parameters of the model widths and density levels were varied to 
give the values shown. Similar models were constructed for the 
other XĪ values, leading to the result that the central 27.4 A 
hydrocarbon thickness apparently does not vary by more than 
0.1 A, assuming a constant d-spacing. However, as we were unable 
to determine the d-spacing with a precision of better than 0.4 A, 
changes of this magnitude in the hydrocarbon thickness cannot be 
ruled out. 
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Fig. 4 Difference neutron scattering density profiles for oriented 
DOL multilayers containing different amounts of hexane 
(temperature 22.5°C, RH = 66%). Each curve is the result of 
subtracting the profile of the bilayer containing H-hexane from the 
profile of the bilayer containing D-hexane at the same XR. XR = 
0.05 (a), 0.10 (b), 0.20 (c) and 0.30 (d), These difference profiles 
show that the hexane is located in the centre of the bilayer and that 
the amount of hexane in the bilayer depends directly on Xi. The 
negative difference densities in the regions marked by the arrows 
are termination artefacts. 


seems unlikely, however. Second, our oriented DOL multilayers 
exist at a water activity of 0.66 whereas the liposomes are 
formed in excess water. Third, the multilayered liposomes are 
curved whereas our oriented samples are planar. Gruen and 
Haydon™ have proposed that the curvature of liposomes causes 
a large average decrease in the solubility of alkanes in liposome 
bilayers. They estimate that the alkane absorption per mole of 
lipid in liposomes may be as small as 17% of the planar value. 
This is in reasonable agreement with our result taking the 
assumptions of their model into account. 
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NSF and NIH. S.H.W. was supported by a Research Career 
Development Award from the NIH. 
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Galileo’s observation of 
Neptune 


KOWAL AND DRAKE’ have found a 
record in  Galileo’s notebooks of 
Neptune’s position—the most precise 
placing being that of 28 January 1613 
(Besselian date 1613.08). They note, 
however, a disagreement of 1 arcmin 
between the position observed (O) by 
Galileo and that predicted by modern 
calculation (C)-——using the orbit of the Jet 
Propulsion Laboratory, Development 
Ephemeris no. 102, for the C. They 
suggest that the effect of a yet-undis- 
covered exterior planet may explain this 
discrepancy. The 1613 residuals are listed 
in Table 1. To evaluate conservatively 


TE 





was made during his search for Jupiter 
satellites, so Jupiter was in his field of 
view. The account and drawing for his 28 
January 1613 entry both note that Jupiter, 
star ‘a’ (SA0119234), and star ‘b’ (the 
planet Neptune) were in a straight line. 
Kowal and Drake note that the suspect 
modern ephemeris correctly predicts the 
same lineup. 

This line cuts the ecliptic at a descend- 
ing angle of 25.9°. (See Table 1 or Fig. 5 of 
ref, 1.) Thus, if the modern orbit is 
approximately correct and Galileo acci- 
dentally distorted his drawing’s scale, then 
we would expect a false latitude residual 
FAB corresponding to the false longitude 
residual FAA according to the relation: 


FAB/FAA = tan (~25.9°) (1) 





Table 1 Residuals (O-C) for 28 January 1613 





Geocentric RA Aa ~42 arcs Dec AS +47arcs 
Geocentric long AA ~§7 arcs lat AB +26arcs 
Heliocentric long Al ~56 arc § lat åb +26arcs 





the exterior-planet hypothesis, I have 
computed the strength of the 1613.08 
perturbation on Neptune, caused by 
hypothetical tenth planets in those circu- 
lar orbits”” permitted by modern residuals 
isee Table 2), The elements and masses 
used were those indicated by least-squares 
analyses’* of Neptune longitude residu- 
als, post-discovery as well as M. Lalande’s 
8 and 10 May 1795 observations (discord, 
~7 arcs both nights)’. 

Table 2 shows that: the magnitude of 
the disturbances produced by the hypo- 
thetical exterior planets is at best in the 
range 10-20 arc s which, even allowing for 
some mass uncertainty, disagrees with the 
1613 residual being nearly 1 arc min; (2) 
the direction is negative in all the cases 
listed which agrees with Table 1. 

The unlikelihood of a residual as large 
as 1 arc min is also supported by another 
line of reasoning. Galileo’s observation 


Setting FAA equal to the geocentric 
longitude residual AA of Table 1, we 
substitute this into equation (1) and find 
that the accidental scale-distortion hypo- 
thesis predicts a false longitude residual 


FAB = +28 arcs (2) 


This is within 2 arc s of the observed geo- 
centric latitude residual AB of +26 arcs 
(Table 1). 

Kowal and Drake note that our present 
uncertainty about the motion of Neptune 
is due to the relative shortness of the 
planet’s continuously observed arc (less 
than a single full revolution since the 1846 
discovery). In other words, a sizeable 
error in the baseline of the planet’s motion 
may be masked by an alien perturbation. 
(The baseline error is A+ Bt in equation 
(1) of ref. 3. A is the error in longitude at 
epoch, and B is the error in the mean 
motion.) 


Table 2 Perturbations from hypothetical planets 


Disturber’s 


Disturber’s mean Disturber’s Longitude perturbations 
distance long mass {arc s) 
(AU) 1973.0 1981.0 (R2»/206265) 1613.08 1795.35 1980.0 
15 300° 304° 3.95 ~8.7 -3.4 +11 
310° 314° 4.80 ~11.4 ~5.6 +1.0 
320° 324° 4.11 ~9,5 -5.6 +0.6 
60 310° 316° 1.55 ~8.4 ~1.6 +0.8 
320° 326° 2.90 18.5 ~4.9 +1.1 
330° 336° 2.61 —18.5 -6.2 +0.7 
340° 346° 1.98 —13.8 ~5,7 +0.3 
50 340° 348° 2.32 -4,1 ~§,7 +1.1 
350° 358° 1.74 ~10.9 —6.3 +0.5 
9° 8° 1.24 12.3 5.7 +0.1 
10° 18° 0.95 ~11.6 -5.1 -0.1 
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However, there is no such thing as a 
baseline error in latitude motion (no linear 
expression appears in equation (2) of ref. 
3, compare with equation (1) of ref. 3). 
Thus, if the 1613.08 latitude residuals 
produced by the hypothetical disturbers of 
refs 2, 3 are computed, it turns out that 
they are merely of order of magnitude 
1 arc s—a far cry from the observed resi- 
dual of 26 arcs. 

Thus Galileo’s illustration of Star 
$A0119234 and Neptune probably has 
an erroneous scale. However, if Galileo 
was at least correct in picturing Neptune 
closer to the star than modern theory 
predicts, then a negative 10-20 arcs 
longitude residual would be consistent 
with perturbation by an outer planet itself 
reasonably consistent with later longitude 
residuals. Hence, the slight nonlinearity of 
Neptune, star, and Jupiter might not be 
recognized. 


DENNIS RAWLINS 
2636 Grand Avenue, 
San Diegd, California, USA 


1. Kowal, C. & Drake, S. Nature 287, 311-313 (1980). 

2. Rawlins, D. & Hammerton, M. Nature 240, 457 (1972). 

3. Rawlins, D, & Hammerton, M., Mon. Not. R. astr. Soc, 162, 
261 (1973). 

4. Rawlins, D. Asr. J. 78, 886 (19703, 


KOWAL AND DRAKE’ established that 
Galileo observed the planet Neptune and 
actually noted its motion. However, I 
must comment on their statement that 
“we are left, then, with the strong possi- 
bility that the ephemeris of Neptune is in 
error by a significant amount...”’. 

It would be virtually impossible for the 
ephemeris of Neptune to be in error by 
over 26 arc s in latitude (the component of 
the residual perpendicular to Neptune’s 
orbital plane) without “the existence of an 
unknown perturbation”. As good fortune 
would have it, modern observations (since 
1910) cover just that part of the sky in 
which Galileo made his observation (the 
exact crossing of a =12h occurred in 
1943). As such, the orbital plane of 
Neptune, especially in that part of the sky, 
is established to within a small fraction of 
larcs. 

We recently attempted to incorporate 
Galileo's observation into the JPL 
Planetary Ephemeris. Even with the 
unrealistically high observation weight of 
l arcs, the attempt proved to be entirely 
unsuccessful. It was possible to adjust the 
longitude somewhat, but the 26 arc s lati- 
tude residual remained, 

On the other hand, a perturbation of 
26 arcs in latitude was easily produced 
using numerical experiments with an 
additional planet of a few Earth masses, 
even when the closest approach to 
Neptune was as distant as 10AU. | 
However, such perturbations usually tend 
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to be a full order of magnitude larger in 
longitude than in latitude, whereas the 
ratio required here is only about 5:2. 

To explain Galileo's residual as an 
ephemeris error, an unknown and rather 
pathological perturbation must be 
invoked. As Kowal and Drake state, 
“...it 18 surprising that the ‘incorrect’ 
ephemeris position still lies on the same 
straight line from Jupiter and the star”. 

One must seriously question Galileo's 
drawing as (1) Galileo was not interested 
in “extraneous objects”, and (2) Galileo 
used a dashed line to connect stars ‘a’ and 
‘b' as he did in other cases where he 
wished to indicate direction only, not dis- 
tance. 

It is true that other pre-1900 obser- 
vations of Uranus and Neptune do not 
seem to be consistent with those of the 
modern era. However, these discrepan- 
cies could be the result of observational 
errors, as most probably is the case here 
with Galileo. 


E. MYLES STANDISH JR 
Planetary Ephemeris Development, 
Jet Propulsion Laboratory, 
Pasadena, California 91125, USA 


1. Kowal, C. T. & Drake, S. Nature 287, 311~313 (1980). 


KOWAL REPLIES—Although I am 
pleased to see these responses to our 
letter, I feel that an adequate assessment 
of Galileo’s accuracy requires a much 
more rigorous analysis. In particular, 
Rawlins’ assumption of a circular orbit for 
an ‘outside’ perturber is likely to be a gross 
-oversimplification, as it would be in the 
case of Pluto. 

Standish’s reasons for questioning 
Galileo’s drawing are not valid, for the 
following reasons: 

Galileo clearly was interested in this 
“extraneous object’ because he 
specifically noted its relative motion. 
Furthermore, he drew a linear scale in that 
diagram for the very first time. It would be 
quite surprising if he did not use that scale 
when drawing Neptune’s position. 

Galileo often used dashed lines, even 
when indicating exact distances; for 
example, in the drawings of SA0119234 
on 25-27 January. It is certainly true, 
however, that Galileo’s drawings are far 
less accurate than his measurements. 

Standish’s statement that the requisite 
perturbation in latitude was ‘easily 
produced” in his numerical experiments is 
suggestive. Again, Pluto shows that 
“pathological” cases do exist. 

In any case, I hope that the question of 
Galileo’s accuracy will not obscure the 
central points of our paper. These are: 

We have established that Galileo 
observed Neptune, and noted its motion, 
234 yr before Neptune was discovered. 

We have demonstrated a new technique 
for finding other pre-discovery obser- 
vations of Neptune. In particular, we 
should search for observations of the 1702 
occultation. 


Obviously, I would not insist that 
Galileo’s drawing is accurate. If more pre- 
discovery observations of Neptune are 
found, we will be able to make a more 
useful assessment of the Neptune residu- 
als. Until then, I must maintain that there 
is a ‘strong possibility” that the theory of 
Neptune’s orbit needs to be revised; not 
only because of the Galileo observation, 
but also because of the previously known 
residuals. 


CHARLES T. KOWAL 
Department of Astrophysics, 
California Institute of Technology, 
Pasadena, California 91103, USA 





Does spider feeding behaviour 
optimize dietary essential 
amino acid composition? 


GREENSTONE’ has concluded that the 
spider Pardosa ramulosa takes a non- 
random mixture of its three main prey 
and that this mixture optimizes the pro- 
portions of the essential amino acids in 
the diet. For statistical reasons, these 
conclusions are invalid. 

The spiders fall into eight classes, which 
Greenstone regarded as the cells of a 
2x2x2 contingency table, according to 
whether they were serologically positive 
or negative for each of the three main 
prey. The overall proportion of triple 
negatives is about 25%, from which 3% 
must be (and was) removed to allow for 
moulting animals, which do not feed. If 
the average number of serologically 
potent prey in the gut is one, the remain- 
ing proportion of triple negatives is 
consistent with Greenstone’s view that 
about 20% of the diet is made up of 
species other than the three main ones. 
However, some guts contain at least three 
prey individuals, as they are positive for all 
three species. Thus, there must be 
considerable spread around the mean, 
with many spiders containing no prey and 
some containing many. 

As a result, the contingency tables may 
show large values of ‘y” even if the recent 
occurrence of one species in the diet has 
no effect on the relative probabilities of 
the spider eating another member of the 
same species or a member of another 
species. 

This may be demonstrated by a simple 
example. Suppose we have a population 
comprising Nọ animals with no prey 
individuals in the gut, N, with one and N: 
with two. Further suppose that the prey 
are of two species, which occur in the 
overall proportions of p and q in the diet. 
Finally, suppose that these proportions 
are the same among the animals with one 
prey individual in the gut as among those 
with two prey individuals in the gut. 
Among the latter, if the presence of one 
species in the gut is unrelated to the 
presence of the other, then the propor- 


tions of individuals with two individuals èf 
the same species in the gut are p? and q°; a 
proportion 2pq will have one prey of each 
species in the gut. Thus, in the population 
as a whole, there would be the following 
numbers of individuals serologically posi- 
tive or negative for the two species: 


A-,B~-: a=N, 
A+,B-: b=pN,+p?N> 
A-,B+: c=qN,+q'°N2 
A+,B+: d=2pqN, 


If we treat these four classes as the cells 
of a 2x2 contingency table, our ‘expec- 
tation’ is that ad-bc=0. Except for 
particular sets of parameter values this 
expectation is clearly false. In other 
words, the calculation of y? does not pro- 
vide a test of the hypothesis that the 
probability of consumption of each spe- 
cies is independent of whether or not the 
spider has recently consumed a member of 
that species. 

An alternative explanation of the high 
proportion of triple negatives is that the 
proportion of the diet made up by species 
other than the main three is higher than 
20%. If so, it scarcely seems right to 
ignore these other species when working 
out the dietary composition, 


J. J. D. GREENWOOD 
Department of Biological Sciences, 
University of Dundee, 
Dundee DD1 4HN, UK 


1, Greenstone, M. H. Nature 282, 501-503 (1979). 


GREENSTONE REPLIES—In all phases 
of human endeavour it is important to 
mind one’s p’s and q's; in statistics one 
must also ask whether they are relevant to 
the question at hand. Greenwood’s 
exposition of the prey item makeup of the 
serologically positive stomach classes is 
correct and self-evident. However, only 
the values of a, b, c and d, and not their 
underlying constituents, are relevant to 
the test of association. 

Let us consider a hypothetical human 
dietary example. Suppose a cafeteria 
serves Only beans and rice and gives each 
diner the choice of one, two or no scoops - 
of each. After a large sample of diners has 
passed through the line we tabulate the 
contents of their plates. If we wish to know 
whether the average diner is receiving a 
balanced diet we must add up all of the 
scoops of beans and rice so as to compute 
Greenwood’s p and q, and then apply 
them to what we know about human 
nutritional requirements and the nutrient 
compositions of beans and rice; this is 
analogous to my use of the data in Tables 2 
and 3 of the original paper’ to compute 
the proportions of the essential amino 
acids in the spiders’ diets. 

If, however, we wish to know whether 
beans and rice are significantly associated 
in the diet, we need only concern 
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ourselves with the numbers of empty 
plates, of plates containing no rice but 
some (that is, at least one scoop of) beans, 
of plates containing no beans but some 
rice, and of plates containing some of 
each. These numbers are a, b, c and d of 
our contingency table, and we use the 
marginal totals to compute the expected 
numbers of each of the four kinds of 
plates. The numbers of scoops of beans 
and of rice on plates having at least some 
of either are no more necessary to this test 
of association than are the severity of 
cancer or the number of packs smoked per 
day to a test of association between smok- 
ing and lung cancer. 


MATTHEW H. GREENSTONE 
Department of Entomology 
and Nematology, 
University of Florida, 
Gainesville, Florida 32611, USA 


1. Greenstone, M, H. Nature 282, 501-503 (1979). 





Plasmoid confinement by the 
charged particle micro-fields 


DUKHUIS’ has recently proposed a 
‘boson model’ which explains ball light- 
ning in terms of electric charge. It is based 
on the hypothesis that turbulence in the 
ball lightning plasma enhances charge 
transfer to the point that charged vortices 
transport electricity the way electrons do 
in a superconductor. The result is 
described as a sponge-like structure of 
tenuous vortex cores nested in dense 
ambient plasma. By reasonings based on 
Landau damping and local deviations 
from charge neutrality it is argued that the 
size of the plasma vortices behaving as 
charged bosons apparently lies around 
1 Debye length. 

Plasmoid models of ball lightning are 
normally taken to be ruled out by the 
plasma virial theorem yielding the result, 
at least in its usual continuum formula- 
tion, that a plasmoid—defined as a self- 
contained bundle of electromagnetic and 
material energy—cannot exist. The 
theorem states that the plasmoid energy 
contents—electromagnetic as well as gas 
kinetic—are all positive and together 
drive expansion. However, the boson 
model for plasma turbulence is claimed to 
lift the virial constraint on maximum 
energy content with negative potential 
energy from interaction between plasma 
vortices. 

The negative interaction energy neces- 
sary for the boson model conflicts with the 
positive-definite nature of all the energies 
in the fluid virial theorem. Note that the 
proposed boson model specifically 
involves interactions and structures on the 
plasma microfield scale that is, the Debye 
length. As discussed by Gerjoy and 
Stabler? the averaged, ‘smoothed-out’, 
plasma descriptior inherent in the fluid 
virial theorem may, in some respects, be 
misleading. Resort has then to be taken in 


a perfectly general and purely particle 
system formulation of the virial theorem. 
The electrostatic energy is then given by 
the double sum 


Wa= wae È Cee lik yte = liir] (1) 
Ane, Eg i<k 

Note that a slight excess of negative char- 
ges around each positive charge will make 
Wa go negative’. However, this is also 
that condition which will distribute the 
source charges e, so as to minimize the 
electrostatic potential ¢' at the field point 
i as well as to make the related field 
strength E‘ = —Vd¢'‘ small 





1 i 
= > nF ike (2) 


The influence of a negative contribution 
W. as indicated above, to a virial 
theorem reasoning has been discussed and 
estimated in ref. 2. For a plasma with 
thermal energy like that assumed for the 
boson model it has been proved to be 
insignificant, thus validating the results of 
simpler fluid virial theorem reasoning. 

In a similar way, the magnetic energy 
Wa and vector potential A’ can be 
expressed in terms of the microscopic 
currents j, and h carried by the charges e, 
and e, 


Wari 2 ji hel ix LA: ad ap jeri 
(3) 
Here it is noted that a hypothetical current 
distribution where adjacent current ele- 
ments are directed oppositely would make 


W,, go negative but, also, make A‘ and 
B'=curl A‘ attain vanishingly small 


values. Contrary to the claim in ref. 1,- 


there seems to be no way by which the 
magnetic interaction energy can attain a 
large enough negative value to affect 
significantly the expansion-driving ther- 
mal effects. Essentially the same result, in 
conflict with the proposed boson model 
for ball lightning, was also obtained by 
Liboff and Lie? who used instead the 
quasi-relativistic Coulomb gauge expres- 
sion for A’ in their derivation of a general 
virial theorem in a particle formulation, 

I conclude that the various formulations 
of the virial theorem as discussed above 
are all based on usual charged-particle 
electrodynamics where fields and forces 
follow from positions and velocities. The 
power then of the theorem to deny plas- 
moid self-confinement lends support to 
that theory* where the confinement is 
provided by the radiation fields associated 
with particle acceleration. 


i E. A. WITALIS 
Research Institute of National Defense, 
Stockholm, Sweden 


i. Dijkhuis, G. C. Nature 284, 150 (1980). 

2. Gerioy, 8. & Stabler, R. C. Phys. Fluids 7, 920 (1964). 
3, Liboff, R. L. & Lie, T.-J. Phys. Fluids 11, 1943 (1968). 
4, Bergstrom, A. Phys. Rev. DB, 4394 (1973). 


DIJKHUIS REPLIES—lIt is a delusion to 
claim perfect generality for the purely 
particle system formulation of the virial 
theorem. Particles in a plasma obey clas- 
sical equations of motion as long as elec- 
tromagnetic fields do not change appre- 
ciably over their dimension. This classical 
limit is certainly appropriate for any stable 
plasma in a smooth electromagnetic field. 
However, in a turbulent plasma elec- 
tromagnetic fields may have strong local 
fluctuations. In our: approach to ball 
lightning, turbulent fluctuations of local 
electromagnetic fields become so violent 
that the motion of particles must be 
treated quantum mechanically. 

A particle with mass m and charge q, 
moving with velocity v in an electromag- 
netic field with vector potential A and 
electrostatic potential @, has canonical 
momentum p = mv+qA and hamiltonian 
H = (p-qA)?/2m+q¢. In our quantum- 
mechanical context, p=~ihV is an 
operator which does not commute with 
arbitrary functions of position vector r. 
Thus }q(v x B —B x v) (ref. 1) denotes the 
Lorentz force on a wave packet moving in 
a magnetic field B = V x A. In the absence 
of magnetic fields a wave packet has p= 
mv, H=imv*+qd, and the virial 
theorem reads d/dt(r-mv)=m(v’)- 
qar: Vd) (ref. 1), where the brackets 
denote expectation values with wave 
functions from the energy representation. 
Inclusion of magnetic interaction between 
wave packets leads after lengthy com- 
mutator bracket calculations to a quan- 
tum-mechanical virial theorem of the 
form 


d , 
y0 mv) = m(v°’) +q xv: B+B- rxv) 


~ar: Vd) (1) 


where for a stable plasmoid at least one 
term on the right has to be negative. With 
p'e” as wave function for a boson state 
with charge density p and phase @ (ref. 2), 
expectation values in equation (1) include 
the quantum-mechanical term —h*/2m 
(V79'"*)/p'/*, from which a spherically 
symmetric solution with negative energy 
was derived in our letter’. In the classical 
limit #20, expectation values can be 
dropped and all quantities commute, so 
that the usual terms for kinetic, magnetic 
and electric energy are recovered. 

I maintain that (1) the quantum- 
mechanical version of the virial theorem 
admits electromagnetic self-confinement 
of a plasma, and (2) strong plasma turbu- 
lence leads to a self-confined boson state 
in ball lightning. 


G. C. DITKHUIS 


Zeldenrust College, Terneuzen, 
The Netherlands 
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Science and faith in mind 


Brains, Machines and Persons. By Donald 
MacKay. Pp.114. (Collins/W. Eerdmans: 
1980.) Pbk £3.50, $4.95. 





BOTH as a brain scientist and as a 
Protestant, Professor Donald MacKay is 
an honest man. Brains, Machines and 
Persons gives a brief but stimulating and 
lucid account of the human brain and of 
models of its workings cast in the form of 
computer programs. This account is a pre- 
amble to an attempt to reconcile the 
scientific and the religious view of human 
beings. He makes a better shot at it than 
others, such as Sir John Eccles, who have 
confronted the same dilemma. Professor 
MacKay rightly eschews both the argument 
for free will based on the Heisenberg 
uncertainty principle and any form of 
interactionism between mind and body, 
though he does not set out the reasons why 
these proposals are unsatisfactory. (The 
first can only account for random 
behaviour whereas the outcome of 
deliberate choice is far from random; the 
second implies that the brain is not a 
physical system in the ordinary sense of the 
word since at some point it is being 
influenced by non-physical events.) 
MacKay's own solution to the mind- 
body problem is that human beings can be 
viewed in two ways, from the inside as a 
series of mental processes (the I-story) and 
from the outside as a series of physical 
events. He does not deny that the workings 
of the brain and nervous system may be 
deterministic and, at least in principle, 
predictable. He resolves the problem of 
freedom of the will by arguing that if 
someone predicts from a knowledge of his 
own brain state that he will do something, 
his brain is itself changed by this 
knowledge: this change may lead to the 
prediction being falsified since the brain 
cannot take into account the effects of the 
change in its own state in order to predict its 
future behaviour without falling into an 
infinite regress. MacKay then raises the 
question ‘‘suppose a super-scientist. . . 
produced a specification of [your brain’s] 
immediate future.... Would you be 
correct to believe it?’’. He argues that you 
would not, since when the super-scientist 
gave you his prediction, your brain state 
would change and hence his prediction 
might fail. This is an argument with which I 
have dealt elsewhere (‘‘Is the Brain a 
Physical System” in Explanations in the 
Behavioral Sciences edited by R. Borger 
and E, Cioffi, Cambridge University Press; 
1970). The problem is that the super- 
scientist might have taken into his own 


calculations the effects of telling you what 


Stuart Sutherland 


you will do, and have delivered the 
prediction only after making sure that you 
will still do what he predicts even after 
being informed that you will doit. MacKay 
is right in thinking that if the brain scientist 
delivers all the thought processes that 
underlie his prediction, then your brain 
state may be changed and the prediction 
may fail: once again an infinite regress 
arises. But MacKay fails to note that you 
may have other good reasons for believing 
the super-scientist, for example, you may 
know that he always gets his predictions 
right. 

Despite this flaw in MacKay’s argument, 
there is something to be said for the theses 
that mental events and physical states of 
the brain are one and the same thing viewed 
in different ways and that we can only 
choose freely because we cannot ourselves 
predict what we will do. He argues that it is 
the latter aspect of people that makes each 
a morally responsible agent. Even if this 
were true, it leaves open the question of 
how we view others. If they can legitimately 
be viewed as complex physical systems, 
does it make sense to praise and blame 
them? To the extent that we know the cause 
of an action, we tend not to attribute praise 
or blame. Someone who becomes 
extremely bad-tempered because of a 
tumour in the hypothalamus does not 
deserve censure. Here MacKay draws a dis- 
tinction between brain hardware and brain 


software. If the hardware has gone wrong, 
no moral responsibility is attached. If it is 
the program being executed in the brain 
that is at fault, then it is proper to attach 
blame. Ingenious though this argument is, 
it again seerns fallacious: suppose we knew 
enough about someone to predict from his 
genetic make-up and his environmental 
history exactly what programs were 
running in his brain, would that not make 
us want to excuse him for evil acts? 

MacKay makes further play with the dis- 
tinction between the brain's hardware and 
software. He even suggests that one 
solution to the problem of resurrection 
would be to incorporate the program that 
runs in each individual’s brain in some 
medium other than the human body. He 
faces the fact that in the distant future we 
may be able to build computers as intelli- 
gent as ourselves and having many, if not 
all, of the attributes that we value in 
ourselves (other than being born of man). 
He believes that the existence of such 
machines would not lower the status of 
human beings, though it would raise that of 
computers. I once asked him whether such 
a computer would be a candidate for entry 
into the kingdom of heaven: with his usual 
honesty he replied, after careful reflection, 
that he could see no reason why not. > 
Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition at the 
University of Sussex. 


Activity in the blood-brain barrier 


Michael Bradbury 


The Cerebral Microvasculature: 
Investigation of the Blood-Brain Barrier. 
Edited by Howard M. Eisenberg and 
Robert L. Suddith. Pp.342. (Plenum: 
1980.) £24.89, $39.50. 


AFTER the idea of a blood-brain barrier 
arose at the turn of the century, there was 
prolonged controversy as to whether it was 
sited at the level of the capillary 
endothelium or at that of the sheath of glial 
end-feet. In 1946, Krogh showed great 
foresight in not only placing the barrier at 
the capillary level, but in considering it to 
have the typical properties of a cell 
membrane and perhaps to be capable of 
secretion, i.e. active transport. 
Physiological and ultrastructural studies in 
the whole animal have fully confirmed this 
interpretation, and it is now accepted that 





the cerebral endothelium functions like a 
tight epithelium and is capable of active 
transport, 

The Cerebral Microvasculature contains 
the edited manuscripts from a symposium 
held at Galveston, Texas, in 1979. The first 
section deals with transport properties and 
permeability. It largely contains reports of 
the properties of isolated whole capillaries 
of cultured endothelial cells and of parts of 
capillaries, plasma and basement mem- 
branes for example. Among a number of 
interesting papers, the uptake of various 
solutes into isolated capillaries as a mode! 
for transport across the barrier in vivo is 
reviewed by Betz and Goldstein, and the 
biochemical properties of isolated 
capillaries are considered by MrSulja and 
Djuričić. Eisenberg and his colleagues 
discuss the demonstration of an ouabain- 
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sensitive potassium pump at the abluminal . 


membrane of the endothelial cells and 
relate this to a high concentration of the 
Na-K-ATPase in these cells compared with 
that in both non-cerebral endothelial cells 
and in cerebral cortex as a whole. Brendel 
and Meezan look critically at the technique 
for isolating cerebral capillaries and 
compare the composition of the basement 
membrane from brain vessels with that 
from retinal vessels and renal glomeruli. 

One is more convinced of the potential 
of isolated capillaries and cultured 
endothelial cells as a means of studying 
control of transport at the blood—brain 
barrier than as a model for transport across 
it. Thus, DeBault and Cancilla report 
intriguing experiments in which the co- 
culture of endothelial cells with glioma cells 
leads to a maintenance of a high content of 
-glutamyl transpeptidase in the former. 
This enzyme is highly specific to cerebral 
capillaries and the results strengthen the 
concept that the glial end-feet induce the 
very particular properties of these vessels. 
In the same context, Anders and colleagues 
describe curious ‘‘assemblies’’ of intra- 
membranous particles which occupy the 
cytoplasmic face of astrocytic plasma 
membranes. They are particularly 
numerous in the perivascular membranes 
of the glial end-feet and could be part of a 
mechanism for influencing the capillaries. 

Isolated capillaries contain adenyl 
cyclase (as discussed by Palmer and 
colleagues) and this enzyme is activated by 
noradrenalin (mainly B2 effect), dopamine 
and in the rabbit by histamine. This 
possible link in a control of permeability is 
of particular interest, since cerebral 
capillaries are contacted by noradrenergic 
nerve terminals probably originating from 
cell bodies in the locus coeruleus. The 
evidence that these control permeability to 
labelled water independently of any effect 
on cerebral blood-flow is considered by 
Hartman and colleagues. 

The second section of the book is 
concerned with perturbation of the barrier 
and lacks, for me at least, the excitement of 
the first section. It contains good articles by 
Nemoto on transport during anaesthesia, 
by Rapoport on measurement by his new 
technique of permeability in relation to 
lipid solubility and of permeability after 
osmotic shock, and a definitive short 
review of the blood-brain barrier in acute 
and chronic hypertension by Johansson. 

This book is much better than the usual 
collection of manuscripts from a 
symposium. It should be of interest to all 
those concerned with the blood—brain 
barrier or with transport across the 
capillary wall in general. Most particularly, 
it is valuable as a fairly comprehensive 
survey of the present state of the art with 
regard to isolated cerebral capillaries and 
endothelial cells. 0 





Michael Bradbury is Professor of Physiolagy at 
King’s College, University of London, and 
author of The Concept of the Blood-Brain 
Barrier (Wiley, 1979). 


R.J.G. Savage 


Pleistocene Mammals of North America. 
By Björn Kurtén and Elaine Anderson. 
Pp.442. (Columbia University Press: 
1980.) $42.50, £21.20. 


BJORN Kurtén’s Pleistocene Mammals of 
Europe (Weidenfeld & Nicolson, 1968) 
has become a classic; it broke new ground 
and remains a frequently quoted text. Now 
the author, in collaboration with Elaine 
Anderson, presents the Pleistocene 
Mammals of North America. The format 
of the new book is similar, but more 
detailed treatment is given to major sites 
and their faunas are compared with those 
of adjacent continents, a useful feature 
lacking in the earlier work. Although 
entitled ‘‘Pleistocene'’ mammals, the 
authors wisely extend their coverage back 
to include the whole of the Blancan, to a 
base of around 3.5 million years. Their 
geographical limits are Canada, the USA 
and northern Mexico. 

In Part I some 250 faunal sites are listed, 
with notes on geology, geography, ecology 
and faunal composition. The listing is 
alphabetical for each state, and the faunas 
are grouped as Blancan, Irvingtonian and 
Rancholabrean. There follows a discussion 
of intercontinental correlation and 
migrations between North and South 
America and between North America and 
Eurasia. 

In the second part of the book critical 
and annotated lists are given for all 
Blancan and Pleistocene mammal species 
on the continent, The taxonomic treatment 
is detailed, giving information on 
synonymy, geographical and stratigraphical 
distribution, anatomical characteristics, 
relationships, evolution, migration and 
extinction of each species. Some 562 
species are treated; extant species are 
included only where they have a fossil 
record, The diagnostic features detailed for 
each species of necessity use highly spe- 
cialized terms, which however are not 
explained; e.g. on p.285 a horse species is 
characterized by having ‘‘ectoflexid of 
lower molars penetrating deeply into the 
metaconid-—metastylid isthmus”. In this 
second section the material ancillary to the 
text leaves something to be desired. The 
illustrations depict only a few sample 
species and the dental characters are not 
annotated. The quality of the drawings is 
highly variable; most are taken from the 
literature without alteration, thus the 
orientations and scales are often incon- 
sistent and the techniques of drawing differ 
widely. Further, they are poorly arranged 
so that there is much wasted space. The 
maps showing species distribution are 
clear, though not numerous, and the 
addition of some reconstructions adds 
interest, especially for the non-specialist. 
The tables are important; in Appendix 2 
the stratigraphical range of every species is 
tabulated. 
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American Ice Age mammals 


The book is a formidable and scholarly 
compendium of information: thorough, 
accurate and up to date. It will be an 
invaluable reference source for those 
working not only on Pleistocene faunas, 
but on problems of evolution, extinction 
and biogeography. The authors are indeed 
to be congratulated on so ably treating a 
colossal mass of data in a digestible and 
attractive form. E 





R.J.G. Savage is Reader in Vertebrate 
Palaeontology at the University of Bristol. 


Stone Age summary 
Derek Roe 


Early Man in Britain and Ireland: An 
Introduction to Palaeolithic and 
Mesolithic Cultures. By Alex Morrison.’ 
Pp.209. (Croom Helm/St Martin’s Press: 
1980.) Hbk £12.95, $35; pbk £7.95. 





THE Mesolithic period in Britain lasts for 
around 5,000 years, the Palaeolithic for 
perhaps 500,000. Books on British 
archaeology seem to be produced in an 
inverse relationship to the durations of the 
successive periods. Lavishly illustrated 
information on Saxons, Vikings, Romans 
or Iron Age groups beckons from every 
shelf, but the choice is limited for those 
trying to study Early Man in Britain. 
Clearly, Alex Morrison’s book meets a real 
need and let us hope the reading public will 
think so as well as teachers and students of 
archaeology, because early Prehistory in 
Britain, however unspectacular by 
comparison with, say, its equivalent in East 
Africa, has considerable fascination and 
importance in an Old World context. 

That, however, does not make it an easy 
subject for a book. Sites exist in thousands, 
but the material from them is widely 
scattered; dating, for the Palaeolithic, is 
extremely difficult, and relatively few fully 
documented modern excavations have 
taken place. Undisturbed sites are rare: 
usually all fragile objects and much of the 
environmental evidence has gone. The 
British Mesolithic is a little better off in 
these respects, but even here the situation is 
far from ideal. For broad interpretation, 
one needs to know much about the 
Palaeolithic and Mesolithic of continental 
Europe: the geographical situation of 
Britain positively demands this, as Mr 
Morrison rightly stresses. 

In these circumstances, one can either set 
out to write a massive book on the 
Palaeolithic and another on the Mesolithic, 
each based on exhaustive first-hand study 
of the extant material, or one can produce 
an outline summary, based almost entirely 


_ on the literature. Alex Morrison has opted 
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for the latter, and makes no extravagant 


claims for the result. Specialist colleagues 
will doubtless complain of brevity, 
unevenness, generalizations and 
omissions, but such specialists are 
relatively few and instead of complaining 
they should write the definitive texts whose 
absence they deplore. 

In his two opening chapters, the author 
covers essential introductory subjects, 
including Pleistocene geology and 
environments, long-range dating methods, 
hominid evolution and so forth. 
Palaeolithic archaeology is very different 
from other kinds and preliminary 
discussion of these topics is certainly 
needed. The rest of the book mainly 
follows the archaeological sequence from 
Early Acheulian and Clactonian to the end 
of the Mesolithic, with an intermission to 
discuss the environmental changes that 
mark the start of the ‘‘postglacial’’ period, 
as we call it somewhat naively, since it’s 
really only another interglacial. The 
approach depends heavily on individual 
British sites throughout, and the 
Mesolithic is studied regionally. Plenty of 
references are given, which serious 
students will need to follow up to 
supplement the brief descriptions 
provided. Some major relevant sites in 
Europe, and occasionally further afield, 
are mentioned in passing, though there is 
no serious attempt to set the British se- 
quence firmly in its context stage by stage. 

Plenty of major questions arise as soon 
as one starts to study the British material. 
For example, how does the British local 
Pleistocene sequence correlate with various 
fuller and better documented ones in 
Continental Europe? How do the named 
stages in Britain match the numbered 
‘isotope stages’? of the deep-sea core 
record? There are clearly gaps in the British 
succession, but just where do they come? 
Are we at present failing to observe a whole 
glacial-interglacial cycle, or even more, 
somewhere in the British Middle 


Pleistocene, thereby misleadingly con- 








tracting our geological and archaeological 
sequences? How early is our “Early 
Acheulian’’ by world standards? What role 
does the Clactonian play? Why is the 
British Middle Palaeolithic so sparse, when 
the French Mousterian is so rich and 
varied? Has our Upper Palaeolithic 
anything at all to do with the classic 
sequence is southwest France, or can the 
whole of it be explained better by reference 
to central and northwest Europe? How 
much of our Mesolithic is attributable to 
direct connections with the Continent 
across a North Sea land-bridge, and how 
much represents indigenous development 
within Britain, showing variability related 
to the exploitation of differing 
environments and local resources? These 
are a few of the crucial and fascinating 
problems still to be solved: the reader will 
find awareness of most of them in the 
book, but might have liked more guidance 
for his thinking about possible solutions. 
One never knows, these days, whether 
illustrations reflect an author’s approach 
or a publisher’s budget. Here, they are of 
rather mixed quality and usefulness. The 
line drawings are clear, but many of the 
photographs contrive to conceal as much 
information as they provide. All the 
photographs are of artefacts, chosen 
entirely from local sources in Glasgow, 
where the author is a lecturer in 
archaeology at the university: in a few cases 
are they the best examples available in 
Britain to document the point in question 
and some are even unprovenanced finds. 
The drawings include several maps, but 
hardly any plans or drawn sections of sites. 
The text of the book, which contains much 
that is up to date, deserved more generous 
and varied illustration, but perhaps one 
kind of expansion would have led to 
another and it would have ceased to be an 
outline account atall, = 





Derek Roe is University Lecturer in Prehistoric 
Archaeology and Director of the Donald Baden- 
Powell Quaternary Research Centre at Oxford, 


Reconstruction of activities at Starr Carr, Vale of Pickering, Yorkshire, c. 7,500 Bc. 
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Polymer trio 
Herbert Morawetz 


Polymers, in 3 parts. Methods of 
Experimental Physics, Vol.16. Edited by 
R.A. Fava. Part A pp.590; Part B pp.421; 
Part C pp.528. (Academic: 1980.) $55, 
£30.80; $45, £25.20; $59, £33.20. 
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THE publication of an encyclopaedic 
treatise with the scope of these three 
volumes is a major event for polymer 
physicists. As with all monographs in 
which chapters are written by experts, the 
success of the enterprise depends to a large 
degree on the manner in which the editor 
has defined the intended readership, 
selected the areas of greatest interest and 
chosen the authors who could best survey 
these areas. The first criterion does not 
appear to have been always considered; 
thus, while most of the chapters demand of 
the reader a high degree of scientific 
sophistication, several are written at a 
much lower level. Further, some con- 
tributors discuss almost exclusively experi- 
mental techniques, while others include 
valuable examples of experimental results. 
Most of the authors were well chosen and 
some may be regarded as leading 
authorities in their field. As for the choice 
of subject matter, it would seem to me that 
some contributions — ‘‘Inelastic Electron 
Tunneling Spectroscopy” and “Positron 
Annihilation’’, for example — are of 
rather marginal interest to the polymer 
physicist, while the absence of chapters on 
dynamic light scattering and on ESCA is to 
be regretted. 

The first of the three volumes covers 
molecular structure and dynamics. For me, 
the highlight is the superb chapter on high- 
resolution NMR spectroscopy. It covers 
the numerous applications very well and 
includes broad-line NMR studies. My only 
regret is the absence of reference to the 
polymer association studies of Schneider 
and Spevacek and a mention of NMR 
studies of helix-~coil transitions in 
polypeptides. Other outstanding chapters 
are those on infrared and Raman spectra, 
Rayleigh—Brillouin scattering in polymers 
and small-angle light scattering. 

It is unfortunate that this valuable 
volume is prefaced by a rambling 
introductory chapter which falls far short 
of what is required. The chapter on 
molecular weights is extremely poor and 
contains many glaring errors. It is also a 
pity that the volume contains no mention 
of viscoelasticity, dielectric dispersion and 
ultrasonics (discussed in Part C for 
polymers in bulk) which have important 
applications to polymer solution studies. 

Part B is subtitled ‘‘Crystal Structure 
and Morphology’’. Here, my major 
criticism is that several subjects of con- 
siderable interest are missing. There is no 
mention of the macroscopic crystals which 
can be obtained from diacetylene 
derivatives in a process in which the 
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polymer grows homogeneously in the 
monomer crystal. Epitactic polymerization 
is another phenomenon which might have 
been mentioned, and I feel that electron 
diffraction should have been treated more 
fully. 

In Part C (‘‘Physical Properties’’) the 
authors have apparently assumed that they 
were to write about polymers in bulk. This 
isan unfortunate limitation in an otherwise 
excellent volume, since a number of the 
techniques yield valuable data when 
applied to dilute polymer solutions. 
Plazek’s excellent chapter on viscoelastic 
and steady-state rheological response 
would have benefited from the inclusion of 
experimental data; it is most surprising that 
the dependence of polymer viscosity on 
chain length and temperature is not 
mentioned. Also, Rutherford and Brown 
might have discussed the effect of the rate 


of loading on stress-strain measurements 
and Hay’s treatment of polymer 
orientation could have included a mention 
of anisotropic polymer solutions. The 
chapter on polymer alloys stresses 
excessively cohesive energy density, which 
is known to be inadequate in predicting 
polymer compatibility. As for the chapters 
on the electrical behaviour of polymers, I 
wish that polymer conductivity had 
received a fuller treatment and that the 
important phenomenon of piezoelectricity 
had been at least mentioned. 

However, the various criticisms detailed 
above should in no way detract from the 
value of this survey. The books should be 
part of the library of every serious polymer 
scientist. a 





Herbert Mora wetz is Director of the Polymer 
Research Institute at the Polytechnic Institute of 
New York. 


The philosophy of geochemistry 


Arthur W. Rose 


Environmental Geochemistry: A Holistic 
Approach. Ecological Studies, Vol.35. By 
John A.C. Fortescue. Pp.347. (Springer- 
Verlag: 1980.) DM 69, $40.80. 





ALTHOUGH this book is entitled 
Environmental Geochemistry, its main 
emphasis is on landscape geochemistry and 
related aspects of geochemistry in the 
surficial zone of the Earth. Landscape 
geochemistry deals with the chemical 
interactions between rocks, the 
atmosphere, natural waters and living 
organisms, and thus furnishes the 
geochemical background for many 
environmental problems. Most previous 
discussion of the subject has been by 
Russians, notably A.I. Perel’man. A 
major contribution of this book is to 
summarize the Russian approach and 
results, which are referred to throughout 
the text, 

The opening chapters describe landscape 
geochemistry in broad outline and also the 
purpose of the book, which is to introduce 
a general approach and mode of thinking 
for conducting environmental geochemical 
studies and for comparing results from 
different areas; the history and concepts of 
landscape geochemistry are summarized 
(geochemical cycles, landscape prisms, 
landscape types, mobility of elements), 
together with the permutations and 
complications created by space, time, 
chemical complexity and varying scientific 
effort. 

Each of the important concepts and 
principles of landscape geochemistry is 
then discussed in detail. These include 
element abundance in rocks, waters, 
plants, animals and air, and the speciation 
of these elements into abundances of 
different form (exchangeable, acid 
extractable and so on); element migration 


or relative mobility of elements under 
varying conditions; geochemical flows by 
various types of surface and near-surface 
transport; geochemical gradients such as 
decrease of chemical content away from an 
orebody or pollution source, and 
climatically controlled gradients; 
geochemical barriers formed by changes in 
chemical environment along a flow path, 
resulting in precipitation and accumulation 
of selected elements; historical 
geochemistry, leading to recognition of 
changes in chemistry with time; and 
geochemical classification of landscapes. 
These chapters include many tables giving 
basic geochemical data and numerous 
examples and figures from environmental 
and exploration geochemical studies. 

The book concludes with an interesting 
chapter on practical applications of land- 
scape geochemistry which illustrates uses in 
geochemical exploration for minerals, 
environmental pollution, waste disposal, 
plant and animal nutrition, and geo- 
epidemiology. An integrated view of all 
elements in a landscape prism and of 
changes with time and space is stressed 
throughout. 

The author has a philosophical and 
pedagogical approach to his subject, and 
repeatedly emphasizes the organization of 
ideas and information rather than the in- 
formation itself. Most experienced 
environmental and exploration 
geochemists are probably familiar with 
many or all of the concepts discussed, but 
the book draws from a diverse 
background, and all those investigating 
chemical processes on the Earth’s surface 
will probably gain new ideas from th 
book. 0 


Arthur W. Rose is Professor of Geochemistry at 
The Pennsylvania State University and is co- 
author of Geochemistry in Mineral Exploration 
(Academic Press, 1979). 





Taxonomy is far 
from boring 
Otto Kandler 


Microbiological Classification and 
Identification, The Society for Applied 
Bacteriology Symposium Series, No 8. 
Edited by M. Goodfellow and R. G. 
Board. Pp.408. (Academic: 1980.) £20, 
$46. 


CLASSIFICATION and identification is often 
considered to be a boring, old-fashioned 
subject dealing with the simple morpholo- 
gical and physiological properties of 
organisms. This volume, however, demon- 
strates the opposite. The 15 papers, 
presented by leading experts at the 1978 
SAB symposium at Birmingham, describe 
the highly sophisticated applications of the 
most advanced biochemical and molecular 
biological principles and techniques for 
exploring and determining new taxo- 
nomical characters. They do not, however, 
give detailed prescriptions on how to carry 
out the identification of a particular 
organism, nor do they contain phylo- 
genetic trees or keys for the classification of 
particular taxa or groups of bacteria. Since 
none of the contributions cover viruses or 
fungi, the reader may feel somewhat misled 
by the term ‘‘microbiological’’ used in the 
title. 

One paper deals with the principles of 
computer-aided numerical taxonomy in a 
way quite understandable to the non- 
mathematician. Others are concerned with 
the application of DNA-DNA hybridi- 
zation and with the role of neutral 
mutations, insertion sequence elements 
and plasmids in the genotypic variability of 
bacteria. Aspects of fine-structure research 
and cell wall and lipid chemistry are also 
dealt with. In addition, papers are devoted 
to the applicability of enzyme and protein 
patterns of various kinds and to the 
chemical analysis of fermentation 
products. The suitability of serological 
methods is discussed with respect to their 
use in detecting food-poisoning toxins, the 
ability of phage-typing with respect to the 
classification of plant-pathogenic bacteria, 
and the usefulness of determining enzyme 
activities is exemplified by the identifi- 
cation of clinical specimens. 

Apart from the omission of viruses and 
fungi, there are other gaps — I looked in 
vain for a concise contribution on the 
implications of sequence analysis of 
proteins and nucleic acids for the classi- 
fication of taxa above the species level. 
Altogether, though, this volume will be 
most informative for advanced students 
and research workers in bacteria! 
taxonomy; it will, however, not cover the 
everyday needs of the clinical or foo 


evn, 
i fi 


bacteriologist. a 


Otto Kandler is a Professor at the Botanisches 
Institut der Universitat, Munich. 
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Nature Conservation Council has publicly 
stated that such sites are “gems” (BBC Radio 
4, 22 January). He is indeed correct, for, like 
jewels, they provide neither nourishment nor 
habitation nor protection (the three necessities 
of life). But they are worse than jewels for 
they cannot be traded in time of hardship and 
instead of representing riches they are a 
permanent impoverishment to their owners. 
The usual epithet for such items is ‘white 
elephants”. 

Let us have no more of this folly in the 
name of science. The value to science of any 
objects or phenomena lies not in themselves 
but in the information they yield to study. 
Once this information is recorded and 
published whatever value remains in the 
objects or phenomena is of no value to 
science, for unless the original study was 
incompetently executed nothing new will be 
learned by preservation. I do not in the least 
condone the wilful pursuit of rare organisms, 
or the careless or selfish pollution of the 
environment, and I admit the possible future 
benefits which may be derived by maintaining 
“gene banks” of rare forms of cultivated 
Organisms, but all that is quite a different 
matter. Should there be a popular demand for 
the preservation of areas of wilderness then 
justice requires that the populace provide 
compensation to the owners, but let there be 
no mistaken idea that this cost, which will be 
measured in hundreds of thousands of pounds 
annually, is a deserving use of the funds made 
available to science, nor that compulsion is 
justified by the supposed advance of 

knowledge. If any individual or body of 
scientists presumes that it is only necessary to 
legislate or to spend enough money in order to 
halt not only natural selection but also the 
very evolution of the inaminate world, such 
presumption is an affront to reason and must 
bear the condemnation of responsible 
scientists for misleading those who know no 
better. 

C. Muir 
Department of Zoology, 
The University, St Andrews, UK 


Origin of cancer 


Sir — Cairns’s' article is a welcome breath of 
fresh air in trying to put the causes of cancer 
into a realistic perspective. However, he could 
have strengthened his case for genetic 
transposition as a major cause by considering 
the relevance of DNA double-strand breaks as 
a molecular mechanism. Over the last few 
years Leenhouts and Chadwick? have 
convincingly demonstrated that the 
biochemical basis of malignancy lies most 
probably in the generation of double-strand 
breaks~lesions which cannot be repaired but 
which may result in genetic transposition. The 
evidence comes from many sources including 
those quoted by Cairns as well as radiation 
damage effects and cell-fusion experiments. 
Since double-strand breaks are necessary for 
some mutations, chromosomal abnormalities 
and genetic transpositions, Occam's razor 


would suggest this as a suitable model on 
which to test Cairns’s hypothesis. 

D.I. EDWARDS 
Department of Paramedical Science, 
North East London Polytechnic, 
London E15, UK 


1. Cairns, J. Nature 289, 353-357 (1981). 
2. Leenhouts, M.P, & Chadwick, K.M. Int, J. Radiat, 
Biol. 33, 357-370 1978). 


Sir — John Cairns’s speculative article! on the 
Origin of human cancer is open to criticism 
both for what it says and for what it leaves 
unsaid, 

Garner and Hertzog? have already drawn 
attention to the tenuous nature of the evidence 
on which Cairns bases his suggestion that 
“‘Chemical mutagens (of the kind detected in 
the usual tests for mutagenicity) seem unlikely 
to be rate-limiting components in most human 
carcinogenesis” and that ‘“‘large-scale changes 
in the genome (such as rearrangements and 
deletions) seem to be more hazardous than the 
local changes produced by conventional 
mutagens’’. They might have put their case 
éven more strongly. 

First, the fact that patients with xeroderma 
pigmentosum (XP) do not show a high 
incidence of cancer in tissues other than skin 
may imply only that cancer in these other 
tissues is not associated with the formation of 
“UV-like’’ lesions? because the essential 
anomaly in XP seems to be failure to 
recognize lesions of this kind rather than 
inability to excise and repair DNA lesions in 
general. 

Second, the association of chromosomal 
abnormalities with a high incidence of 
leukaemias, lymphomas and carcinomas in 
patients with Bloom’s syndrome tells us 
nothing about the aetiology of cancer in the 
vast majority of the population who do not 
have Bloom's syndrome. Similarly it seems 
unjustifiable to assume that most cancer cells 
have an abnormal karyotype simply because 
this is often the case with cells from 
leukaemias, lymphomas, meningiomas and 
gliomas. Moreover, even if this generalization . 
were true, it is conceivable, as Cairns himself 
points out, that the observed chromosomal 
rearrangements could have resulted from 
““trivial secondary events that occur after all 
the rate-limiting steps of carcinogenesis have 
been completed’’. 

Third, it is not clear how the phenomenon 
of carcinogenesis in experimental animals by 
implanted films of plastic (and other 
materials) supports Cairns’s argument. The 
underlying mechanism is still far from clear 
but, contrary to what Cairns suggests, Karp ef 
al.* (whose work he cites) concluded that the 
hypothesis that tumours develop because the 
cells have lost the restraining influence 
provided by contact with each other, was 
specifically excluded by their observations. It 
is also worth pointing out that this form of 
carcinogenesis does not seem to have been 
reported in man despite the fact that foreign 
material of various kinds, and sometimes in 
sheet form, has been used in human surgery 
for many years (for example, in hernia repair, 
orthopaedic surgery and vascular surgery). 

Finally, even if large-scale changes in the 
genome were shown to occur in cells from 
most common human cancers, this would not 


173 





exclude the possibility that environmental 
pollution by chemical mutagens of various 
kinds, including mutagens detectable by the 
Ames test, plays an important part in the 
aetiology of human cancer. Many such 
mutagens, as Garner and Hertzog point out, 
and as Cairns admits, can increase the 
frequency of sister chromatid exchange and 
cause other chromosomal interactions in 
mammalian cells. The extent to which such 
changes are ‘‘functionally equivalent to 
genetic transpositions” seems to be of 
secondary importance in comparison with the 
question of whether or not they are associated 
with a high incidence of cancer. 

As regards what is left unsaid, Cairns seems 
to equate ‘‘the creation of a cancer cell” with 
the development of cancer. Thus, while he 
recognizes the possible role of DNA repair 
mechanisms in preventing the emergence of 
cancer cells, he ignores the possibility, which I 
have discussed at length elsewhere’, that 
homeostatic mechanisms of another kind may 
operate to destroy transformed cells or prevent 


‘them from dividing, and thus prevent the 


development of overt cancer. [tis clear from 
the work of Mondale and Heidelberger®, and 
others, which Cairns cites, that there may be a 
long interval between the application of a 
mutagen to cells in tissue culture and the 
emergence on repeated subculture of cells with 
the hallmarks of malignant transformation. 
The mechanisms responsible have not been 
fully elucidated but there seems no reason to 
doubt that they also operate in vivo and play a 
part in delaying the development of tumours 
in response to exposure to chemical and 
physical carcinogens; this, however, does not 
exclude the possibility that, in vivo, other 
mechanisms are also involved. 
The long interval, often of many 

years’ duration, which can occur between the 
locally successful removal of a primary 
tumour and the appearance of metastases 
would seem to imply either that cancer cells 
can remain dormant, or that cell proliferation 
may be balanced by cell death, for a long time, 
and studies of tumour cell population kinetics 
in both animals and man confirm this 
conclusion’. It has, moreover, been observed 
that the period of apparent dormancy may be 
abruptly terminated by experimental’ or 
therapeutic® procedures. If metastatic tumours 
can be held in check in this way, why not 
primary tumours? My colleagues and I have 
recently described a technique which makes it 
possible to investigate this question directly in 
an animal model?:!9, 

MICHAEL WOODRUFF 
MRC Clinical and Population 

Cytogenetics Unit, 

Western General Hospital, 
Edinburgh, UK 


L Cairns, J. Nature 289, 353-357 (1981). 

2. Garner, R.C. & Hertzog, P.J, Nature 189, 627 O9sty. 

. Regan, J.D. & Setlow, R.B. Cancer Res 34, 3318-3325 

{1974}, 

4. Karp, R.D. ef al. J. natn. Cancer Inst, $1, 1275-1285 (}973). 

5, Woodruff, M.F.A. The Interaction of Cancer and Host 
(Grune & Stratton, New York, 19805. 

6. Mondale, S. & Heidelberger, C, Proc. natn, Acad. Sei. 
USA, 68, 219-225 (1970). 

7. Eccles, S.A, & Alexander, P, Nature 257, 32-53 (1975). 

8. Woodruff, M.F.A. Nature 258, 776 (1975). 

9. Woodruff, M.F.A. etal, Proc. R. Soc. B Gn the press}, 

O. l thank Professor H.J. Evans for his helpful comments an 
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Awards 


Dr Alvin M, Weinberg (Oak Ridge and Sir 
Rudolf E. Peierls (Oxford) have been 
selected to receive the US Department of 
Energy’s Enrico Fermi Award for 1980. 


Dr Seymour A. Papert (Massachusetts 
Institute of Technology) has been awarded 
the Seventh Marconi International 
Fellowship for his work in computer 
education. 


The William Bate Hardy Prize of the 
Cambridge Philosophical Society has been 
awarded to Dr C Milstein (Fitzwilliam 
College) for his distinguished work on 
monoclonal antibody techniques. 


The Zoological Society of London has 
made the following awards for 
contributions to zoology in 1980: The 
Scientific Medal to Dr J. M. Elliot 
(Freshwater Biological Association, 
Ambleside); The Stamford Raffles Award 
to Dr A. J. Woakes (University of 
Birmingham); The Zoological Society of 
London Frink Medal for British Zoologists 
to Professor W. H. Thorpe (University of 
Cambridge); The Prince Philip Prize to 
James Burton (of King’s College, 
Taunton). | 


The André Lichtwitz Prize (10,000 French 
Francs) is awarded every year by INSERM 
for distinguished clinical or fundamental 
research on calcium and phosphorus 
metabolism carried out by a French or 
foreign scientist (or a team). Applicants 
who have previously applied are allowed to 
apply again. Details from: Director of 
INSERM (c/o Mile C. CHIROL, 101 rue 
deTolbiac75645 Paris Cedex 13, France). 


Appointments 


Arthur L. Schawlow (Stanford University) 
has been appointed President of The 
American Physical Society. 


Professor Graham Milbourn has been 
appointed Director of the National 
Institute of Agricultural Botany at 
Cambridge. 


Gordon Bell who has been Director of the 
Royal Observatory, Hong Kong for the 
past 15 years retired in Janaury, to be 
succeeded by Mr J. E. Peacock. Mr Bell has 
been appointed to the newly created post of 
Science Adviser to the Hong Kong 
Government. 


Dr George Stewart, has been appointed to 
the Chair of Petroleum Engineering at 
Heriot-Watt University, Edinburgh, in 
succession to Professor James Brown, who 
retires on 31 March 1981. 


The University of Newcastle upon Tyne 
has made the following appointments: Dr 
F. K. Kong to the Chair of Structural 
Engineering from | September 1981, and 
Dr C. J. Hull to the Chair of Anaesthesia 
from i January 1981 and to the Headship 
of the Department of Anaesthesia from | 
January 1981 to 30 September 1986. 


Dr Anthony G. Atkins has been appointed 
Professor of Mechanical Engineering at 
Reading University from 1 March 1981. 


Meetings 


5-8 October, Hormones and Cell 
Regulation, Bischoffsheim (Dr G. Schultz, 
Pharmakologisches Institut der Universitat 
Heidelberg, im Neuenheimer Feld 366, 
D-6900, Heidelberg, Germany). 
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5 October — 6 November, Land Use 
Planning and Environment Applications, 
Flagstaff (J. A. Reinemeund, US 
Geological Survey, National Center — 
M/S 917, 12201 Sunrise Valley Drive, 
Reston, Viginia 22092, USA), 

6-9 October, Safety in Communications 
and Transport, Genoa (IIC, Via Pertinace, 
Villa Piaggio, 16125 Genoa, Italy). 

5-10 October, Tropical Ecology and 
Resources Management, Shopal (Prof. K. 
C. Misra, Secretary ISTE, Dept of 
Botany, Banaras Hindu University, 
Varanasi-221005, India). 

6-10 October, Microprocessors in Control 
of Mechanical Function, Leeds (The 
Institution of Mechanical Engineers, | 
Birdcage Walk, London SW1, UK). 

11-17 October, Marine Sciences in the Red 
Sea, Al-Ghardaqa (Prof. H. A. F. Gohar, 
101 Kasr Al-Ainy, St, Cairo, Egypt). 

12 October, Mutagenicity Testing, London 
(Mr M. L. Richardson, c/o Mr E. A. 
Taylor, The Royal Society of Chemistry, 
Burlington House, London W1, UK). 
18-31 October, Chemical Carcinogenesis, 
Erice-Trapani (Dr 5. Parodi, Istituto 
Scientifico per lo Studio e la Cura dei 
Tumori, Viale Benedetto XV, 10-16132 
Genova, Italy). 

19-23 October, Concrete Roads, London 
{The Concrete Society, Terminal House, 
Grosvenor Gardens, London SW1, UK). 
Intelligence, Lyon (Dr A. Elithorn, The 
Royal Free Hospital, Pond St, London 
SW3, UK). 

27-29 October, Petroanalysis, London 
(Miss I. A. McCann, Institute of 
Petroleum, 61 New Cavendish St, London 
W1, UK). 
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US versus science education. ... 


The first Reagan budget, well advertised in advance as a device 
for getting the government off the taxpayer’s back and the 
taxman out of his pocket, has more than lived up to expectations 
in its mean view of science education, at least as administered by 
the National Science Foundation. Ever since the heady post- 
sputnik days, when Washington was thronged with committees 
giving the Eisenhower Administration advice on how best to meet 
this unexpected challenge to American technology, the National 
Science Foundation has been spending a sizeable part of its 
budget (but still a modest annual sum) on the support of 
curriculum development in schools and colleges. It can boast of 
having done more good than foolish works. Zacharias’s 
organization, the Physical Sciences Study Committee, may not 
have produced the ideal physics curriculum for the average high 
school, but it was a cheerful demonstration that distinguished 
academics were willing and able to help with the problems of 
teaching in the schools. And many young people (not only in the 
United States) learned a great deal of physics from the textbooks, 
readers and experiments that the committee devised. In 
retrospect, however, it may have been even more telling that the 
experiment proved infectious. Quite soon, in the early 1960s, an 
army of high-school teachers and a battalion of academics were 
caught up in the network of committees dedicated to the 
improvement of science teaching. 

Inevitably, there have been excesses and mistakes. If the 
foundation was less confident in the development of curricula in 
the social sciences and the humanities than in the physical or 
biological sciences, it should not shoulder all the blame. Mere 
money is not sufficient to design a good curriculum. The essential 
is that good teachers and perceptive academics should be willing, 
and that school systems should help with administration and 
facilities. In any case, what matters is not that such and such a set 
of books should be written as an integrated package (and then, 
with luck, adopted in the Californian schools) but that teachers 
should have learned that continual change is necessary but also 


possible. The $13 million the foundation spent on these modest 
efforts last year will not go far to help the US Treasury to balance 
its books (or, rather, to live with a deficit of $41,000 million). 
Cutting back on this part of the foundation’s programme when 
the high schools are painfully aware of the need for new kinds of 
teaching seems either unwise or spiteful. Or is the Administration 
calculating that with Mr Walter Cronkite’s new science 
programme advertised on CBS for the summer, the National 
Science Foundation can fade gracefully from the scene? 

The budget request will also cut the foundation’s modest 
support for students of science and engineering, mostly at the 
graduate level. The timing is entirely misplaced. Only a few 
months ago, the Carter Administration was agonizing about the 
problems of recruiting good people into engineering and 
especially engineering education. The problem cannot have 
disappeared since Inauguration Day. And in spite of the largely 
self-sustained character of American students — the envy of 
British university administrators (see below) — the United States 
government is probably still getting value for money from its 
spending on this good cause. Any Presidential Science Advisor 
would vouch for that, which may be one of the reasons why 
President Reagan appears reluctant to appoint such a person. 

One of the temptations that afflict incoming administrations 
everywhere is that of abolishing at least some pre-existing 
institutions. The National Science Foundation’s education 
programme is a natural candidate for this treatment. What it has 
been doing is what the market might otherwise have to do. It is 
also an administrative inconvenience that there should be an 
organization concerned with education entirely separate from the 
Department of Education. And for all their clubbiness, people 
interested in such things as curriculum development do not 
constitute a constituency of any importance. So why not abolish 
the institution? The irony, which other administrations have 
found to their cost, is how often it is necessary to recreate a 
substitute of some kind. 


.....and UK versus universities 


British universities, after too many months of somnolence, 
have taken fright. Last week, Sir Alec Merrison, Vice-Chancellor 
of the University of Bristol but speaking in his capacity as 
chairman of the Committee of Vice-Chancellors and Principals, 
accused the government of ‘‘a kind of madness’’. He and a posse 
of fellow vice-chancellors seem privately to have told the 
Secretary of State for Education and Science, Mr Mark Carlisle, 
much the same; by Merrison’s account, they made no Impression 
with their complaints that the British government is ‘‘profoundly 
misguided” in its intention to cut state support for the university 
system by 8.5 per cent in the next three years. Together with the 
switch to full economic fees for overseas students now under way, 
state support for the British university system will have fallen by at 
least 11 per cent, and perhaps by 15 per cent, by the academic year 
beginning in 1983. Either way, structural changes of some kind 
will be forced on the system. It is no wonder that people have 
taken to strong language. 

Universities themselves must, however, shoulder some of the 
responsibility for what is now in prospect. At least since the 
summer of 1978 (under a different government), it has been clear 
that structural change was unavoidable. Even the now forgotten 
promise of ‘‘level funding” would not have allowed universities 


to keep on recruiting young people to academic posts at a 
sufficient rate to stay intellectually alive, also competitive. The 
age distribution of people in tenured posts, skewed by the rapid 
recruitment in the 1960s of then young academics, ensures that in 
the 1980s the rate of retirement among British academics (now 
one per cent a year) will be less than a third of that needed to 
permit recruitment at a rate corresponding to a steady state. 
British universities have talked at length about the problem; none 
has found a solution. The government’s decision, two years ago, 
that universities must collect larger tuition fees from overseas 
than from home students, whose first effects are becoming 
apparent only in this academic year, has had the effect of 
distributing penury at random. Again, most universities have put 
on hair shirts to wait for whatever the fates might bring. The 
outstanding exception is the London School of Economics, which 
has actually increased the number of its new overseas customers 
by the simple expedient of telling prospective students (and their 
governments) about its own virtues. The new cut goes deeper. The 
government intends simply to take cash out of the system, and 
there is no alternative source in sight. The damage that will be 
done would have been more easily contained if the university 
system had responded much more imaginatively to the previous 
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‘crises. There has been plenty of warning. 

The government’s behaviour is even less creditable, but con- 
sistent with its brief record. Overseas students’ fees were increased 
by fiat, without consultation (and without much thought). The 
result is not merely the arbitrariness with which different 
universities are affected but the patchwork of petty anomalies and 
injustices with which university administrators have to struggle. 
The latest cut has been deviously introduced. Last December, 
when the government casually announced a cut of 3.5 per cent in 
next year’s budget, nobody mentioned that there was worse to 
come. And last week the announcement of two further 
instalments (in 1982 and 1983) was tucked away in the Treasury’s 
annual forecast of government expenditure. Was somebody 
hoping that nobody would notice? Or that the issue would be sub- 
merged in the generalized sense of grievance which this year’s 
higher taxes have evoked? Whatever the truth, there seems to 
have been only the most cursory consultation with the universities 
about the consequences of the new cuts and no serious attempt to 
discover the least damaging ways of saving money. In short, there 
is no explicit policy for the universities. On all the evidence, there 
seems not even to be a secret policy. Ministries involved with 
higher education utter threats and then, several weeks later, deny 
them with reassuring promises. A few weeks ago, for example, the 
government had given the universities to understand that they 
should not try to solve their money problems by taking in extra 
students; last week’s documents on spending promises that they 
can take as many as they can teach. Is it not time that Parliament 
forced the government to say what is in its mind? Have the 
universities no friends left at Westminster? 

Ironically, the academic community is probably as keenly 
aware of the government’s economic problems as any other in 
British society, with the possible exception of the bankers, 
themselves afflicted by a retrospective capital levy in this year’s 
British budget. The government’s central objective is to borrow 
less from the commercial markets, to which end spending less is 
important. The new cuts will yield £80 million a year and the 
increased fees for overseas students nearly as much. However the 
‘saving’ is shared out among the British universities, the 
consequences will be bad for the quality of British university 
education. The government’s expenditure plan says laconically 
(in a one-sentence paragraph) that ‘‘the plans assume a significant 
tightening of staffing standards’’, which is a euphemism for a 
further decline in the ratio of teachers to students. The plan also 
says that the universities collectively will admit fewer students in 
the years ahead. The plain implication is that the system will have 
to shed teachers. That, in the last resort, is why the vice- 
chancellors are up in arms. 

So how should the universities respond? As they should have 
done in the previous crises of the past three years, by organizing 
themselves for flexibility. With a few exceptions, the objectives of 
most university institutions in Britain are similar — the pursuit of 
the highest academic standards in the teaching of undergraduates 
and of excellence in research. For most universities and almost all 
academics, the ideal is Oxbridge. And there is very little 
encouragement, in the way the government subvention is 
disbursed on the recommendations of the University Grants 
Committee, for them to aim at distinctive goals. The result is that 
too many British universities are trying to do the same things with 
such inappropriate resources that they are bound to fail. 

Would it not, however, be preferable that they should aim at 
excellence in what they already do well? The system includes half a 
dozen institutions which are what would be called liberal arts 
colleges in the United States but which nevertheless waste endless 
time and money on graduate education in the traditional pattern 
without recognizing that their graduate schools will always be too 
small to be viable. It would be better for the institutions 
concerned, their students and the system as a whole, if this were 
recognized. The strong civic universities in Britain, foundations 
of the late nineteenth century, are another distinctive category of 
universities. Not so long ago, they drew a great deal of strength 
(and substantial amounts of cash) from the cities in which they 
were sited. Although local loyalties are still in many places strong, 


Nature Vol. 290 19 March 1981 


they are nowehere as strong as they used to be when it was no 
shame for a young person to become a student at the nearest 
university. In the serious crisis about to inflict itself on them, the 
civic universities will regret the way that the old loyalties have been 
eroded. Some of them may even find themselves in sneaking 
sympathy with the plan which the government is said to be 
hatching for replacing the present system of maintenance grants 
for students (over and above tuition fees) with a smaller grant and 
the offer of a loan. There could hardly be a better device for 
channelling students towards the nearest university, while 
stronger local links would give these universities opportunities to 
increase their present interest in the retraining of local adults — 
professionals, technicians, even craftsmen. 

The benefits of reorganization for diversity are several, not 
least the direct economies there would be once the universities 
stopped aping each other. In such a pattern, the system could 
hope to match courses to students more expertly than at present, 
while a clear knowledge of their distinctive roles would make it 
possible for individual institutions to tell a more convincing tale. 
when asked (as they will be frequently in the years ahead) why they 
continue to exist. But how is such a pattern (or any other pattern) 
to be brought about? The conventional wisdom among academics 
is that universities are so incapable of making long-term policy, 
and of imposing change upon themselves, that change must be 
forced from outside, either by the University Grants Committee 
or by some seemingly impartial committee made up of academics 
from elsewhere. This is too depressed a view. 

Although the occasions in the past when individual 
universities have changed radically have been times of plenty, 
there is no reason why the penury now in prospect should not also 
be a spur to change. Sheer self-interest dictates that it should be, 
but the University Grants Committee could do much to help. 
Institutions willing to take painful steps — closing, say, a 
particular department, or all graduate schools — need and 
deserve compensation. The snag, in present circumstances, is that 
an institution making substantial savings in its internal operations 
cannot be sure that it will benefit in the long run. The University 
Grants Committee can always in its wisdom recommend that the 
funds should be spent elsewhere in the system. So would it not 
make sense, for the duration of whatever transitional period lies 
ahead, that institutions making voluntary sacrifices should 
benefit from some kind of salve for their wounds? The University 
Grants Committee, more used to sharing resources according to 
its own hidden definitions of equity, is not used to the 
encouragement of entrepreneurship. But even the University 
Grants Committee will have to change before this crisis is over. 

So too will many other institutions. Even if the outcome of the 
next few years is a concentration of graduate education in a sub- 
set of the universities, it would be intolerable if academics and 
graduating students from elsewhere were denied opportunities for 
research. This would require that sources of research support, the 
research councils in particular, should change. Then, given the 
need for compatibility within a mobile and diversified system, 
most universities would find it necessary to restructure their 
undergraduate curricula. Many, no doubt, would rediscover the 
virtues of the four-year undergraduate courses, of less specialized 
(if still competitive) entry requirements and of less narrow courses 
of study. In other words, there may be benefits in the present 
adversity. 

In the wake of last week’s shock to British universities, many 
despondent academics will consider this cheerful outcome a 
delusion, Is it not more likely, they will ask, that the University 
Grants Committee will recommend that misery should be evenly 
distributed, with the result that all universities become less good? 
That, certainly, is possible. It is, however, unlikely that all 
universities within the system will be equally passive. When they 
have recovered their breath, the strongest among the universities 
will be thinking of how to secure for themselves a greater measure 
of independence than they have enjoyed for years. In due course, 
all those that survive will follow suit. For what the latest crisis in 
the British system shows is that universities, jealous of their claims 
to autonomy, are safest when they are also independent. 
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Kiss of life for Clinch River breeder 


Reagan ditches 
Carter policy 
on proliferation 


Washington 

Despite the objections of his economic 
advisers, President Ronald Reagan has 
decided to pay off some of his political 
debts by letting construction work begin on 
the liquid metal fast-breeder reactor at 
Clinch River in Tennessee, which critics 
claim is both economically unnecessary 
and technically out of date. However, Mr 
Reagan is holding back from providing 
further federal support for the repro- 
cessing of spent nuclear fuel until it 
becomes clear whether the private sector is 
prepared to take on this reponsibility. 

Both the fast breeder programme and 
commercial spent-fuel reprocessing had 
been held in check by President Carter on 
the grounds that they contributed to the 
growth of the ‘‘plutonium economy” and 
thus raised the risk of the proliferation of 
nuclear weapons. But both decisions have 
come under strong attack from the nuclear 
industry as an unnecessary restriction on 
the growth of nuclear power, an attitude 
known to be held by the new Energy 
Secretary. 

In his budget request to Congress, the 
full details of which were released last 
week, President Reagan is requesting a 
total of $737 million for support of fast- 
breeder research in the fiscal year 1982. A 
substantial proportion of this increase will 
go towards the start of construction work 
on the Clinch River reactor as a ‘‘demon- 
stration project’. Development funds 
have already paid for the design and much 
of the component fabrication, but con- 
struction had previously been held up by 
President Carter’s request to the Nuclear 
Regulatory Commission not to issue a 
construction licence. 

The Clinch River reactor has a high 
symbolic value for the US nuclear industry. 
Many used it to focus their opposition to 
Mr Carter’s general non-proliferation 
policies. Others argued against the Carter 
Administration’s conclusion that the 
declining rate of increase in the demand for 
electricity, and a short-term surplus in 
domestic uranium supplies, reduced the 
need for an intensive breeder development 
programme. 

Environmentalists now point out that 
they have a new — and perhaps surprising 
— ally, Mr David Stockman, director of 
the Office of Management and Budget and 
the chief architect of Mr Reagan’s austerity 
budget. Using the same arguments put 
forward by the Carter Administration, Mr 
Stockman circulated a letter to fellow con- 


gressmen in 1977 describing plans to sub- 
sidize the construction of the Clinch River 
reactor as ‘‘totally incompatible with the 
free market approach to energy policy”. 
Critics of fast-breeder reactors, such as 
the Natural Resources Defense Council, 
claim that in order to find the money for 
increased spending on nuclear programmes 
in general, including the liquid metal fast- 
breeder reactor, the Department of Energy 
is intending to cut back significantly in 
research and development on alternative 
energy sources. It is proposed to cut the 
solar energy research budget, for example, 
from $625 million in 1981 to $241 million in 
1982, and research and development in 
conservation from $558 to $195 million, 
while research on fission reactors would 
increase from $1,166 to $1,247 million. 
Even the Office of Management and 
Budget is said to have argued that there is 


an inconsistency in cutting off support for 
“‘demonstration”’ projects in solar and 
fossil energy, while supporting just such an 
approach for fast breeders; Mr Stockman 
is said to have put up a fierce battle against 
Clinch River funding, although he was less 
opposed to the increased budget request 
for design work ona larger, more advanced 
fast breeder. 

In a report published by the 
subcommittee last week, a former member 
who left Congress last autumn, Republican 
congressman John Wydler of New York, 
reported on a visit to the British fast 
breeder programme, and used the British 
(and French) experience to bolster his 
argument that completion of Clinch River 
is the logical next step for the United States. 

Mr Wydler also reported that British 
scientists were attracted to the idea of 
cooperation with the United States, a move 


British academics up in arms 


British universities were in a state of 
shock last week after the government’s 
announcement of its spending plans for the 
next three years. Spending on home 
students is to be cut by 8 per cent in real 
terms by 1983~84. The Committee of Vice- 
Chancellors and Principals estimates that 
the total reduction in university income 
could be as high as 15 per cent when the 
shortfall in overseas students, expected 
after the government’s decision to charge 
them economic fees, is taken into account. 
Sir Alec Merrison, chairman of the 
Committee of Vice-Chancellors, last week 
described the expenditure plan as madness. 
He said he was not aware that the 
government was reducing the universities’ 
grant for any reason other than saving 
public money. 

The cuts will undoubtedly force the 
universities to review the services they can 
offer, which is a fact acknowledged by the 
government in its white paper on 
expenditure published on budget day, 10 
March. The vice-chancellors and the 
University Grants Committee seem to have 
persuaded the Secretary of State for 
Education that money should be set aside 
for the scaling down operation. But, 
instead of making more money available, 
as the universities must have hoped, the 
government announced on 13 March that 
£20 million should be taken out of the 
1981-82 recurrent grant — at £979 million 
already 3 per cent less than for 1980-81 — 
for the purpose. 

The Committee of Vice-Chancellors 
estimates that making necessary economies 
could be more expensive than maintaining 
the universities at their present level. The 
problem is that after several years of static 
budgets, further economies cannot be 
made without reducing staff. Salaries and 
related costs at present consume 72 per cent 
of the recurrent grant, more than half of 


that going on academic pay. 
Redundancies, which would break the 
contracts of employment of tenured 
academics (approximately 80 per cent hold 
tenure), would involve the universities in 
costly litigation and large redundancy 
payments. And the committee’s estimate 
that one in eight jobs will have to go would 
certainly mean the closure of departments 
and possibly entire universities. Nobody 
yet knows whether the £20 million set aside 
will be enough to help meet these costs. 
The University Grants Committee will 
begin dividing what money there is between 
institutions in May. It is not thought to 





“Madness” says Merrison 


favour cutting any university’s grant 
completely, but neither does it want to 
spread the money too thinly. Possible 
alternatives are to close selected 
departments — a new move for the 
committee, which normally leaves 
individual universities to run their own 
affairs — or to restructure the system, 
leaving some universities to develop as 
centres of excellence and turning others 
into something akin to American liberal 
arts colleges. The trouble is that the 
committee has never had to be so dirigiste 
in the past and has not formed a proper 
mechanism to take the necessary decisions, 
Judy Redfearn 
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committee, particularly because of 
problems with leakage in the existing 
British fast reactor steam generator 
components. Mr Wydler also said, 
however, that UK Atomic Energy 
Authority officials felt that cooperative 
agreements with the United States 
presented unique difficulties because of the 
Freedom of Information Act and the 
Atomic Energy Act requiring the disclosure 
of proprietary business information. 

In contrast with his defeat in the fast 
breeder debate, Mr Stockman seems to 
have won on the other point of dispute with 
nuclear advocates in the Department of 
Energy, namely renewed federal support 
for spent fuel reprocessing from 
commercial reactors. The nuclear industry 
has been pushing for the reopening of the 
Barnwell reprocessing plant in South 
Carolina, which was denied funds by the 
Carter Administration; no money for 
commercial reprocessing is, however, 
included in the budget request, although 
there are funds for the West Valley 
Demonstration Project. 

Backing up its general stance in favour of 
reprocessing, however, the Reagan 
-Administration has decided to discontinue 
the spent-fuel programme intended to 
provide storage facilities away from power 
station sites. This programme is being 
refocused within the Department of 
Energy to concentrate on the development 
of alternative spent-fuel storage techno- 
logies which can be used by utilities at 
existing rector sites. 

Although the Administration has set its 
face against subsidies for commercial 
reprocessing, it has in the past few days 
become known that plans to dismantle at 
least this aspect of the Carter anti- 
proliferation policy are being worked out. 

David Dickson 


German big science 


Win some, lose some 


Germany should spend an extra DM 800 
million (£170 million) on big science 
projects over the next ten years, 
recommends the committee set up a year 
ago by the previous minister of science, 
Volker Hauff — and another DM 425 
million of projects should be accounted for 
under the current budget. 

The ‘‘big science’’ committee, chaired 
by Professor Klaus Pinkau (who was 
recently appointed director of the Max 
Planck Institut für Plasmaphysik at 
Garching) reported last week to Minister 
Andreas von Bülow on a shopping list of 
ten major projects (Nature 3 July 1980, 
p.8}) ranging from high-energy physics to 
geology, which, if they were all undertaken 
now, would have cost Germany at least DM 
2,015 million (430 million). On being given 
the task, Pinkau said it would be a “work 
of art” to steer the right course between 
scientific worthiness and the government’s 
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which had previously been endorsed by the _ 


ability to pay — for the committee was 


interim, the German economy has 
weakened, and the Pinkau committee felt 
obliged to take cost strongly into account. 

However, some sleight of hand reduces 
the bill. The committee recommends that 
Germany support LEP, the large electron- 
positron collider which physicists would 
like to see as the next major facility at 
CERN, the European subnuclear physics 
laboratory in Geneva. LEP will cost 
Germany DM 350 million; but as it is likely 
to be built within CERN’s current budget 
and staff, the committee reckons it will 
mean no extra expenditure. Similarly, a 
DM 75 million replacement for Meteor, 
Germany’s principal and ageing ocean- 
ographic research vessel, can be paid for 
within the current geosciences budget. 

Of the other projects, the committee says 
the refitting and expansion of the BER H 


“research reactor at the Hahn—Meitner 


Institut, Berlin, costing DM 47 million, 
should be undertaken immediately’’; so 
should the construction of the DM 33 
million SUSE, a 250 MeV superconducting 
cyclotron for heavy ion physics proposed 
by the Technical University of Munich — 
provided the university can raise part- 
finance from the regional government of 
Bavaria, and make the accelerator a 
national facility. An equivalent facility 
proposed by the Jülich nuclear laboratory 
near Cologne was rejected (it cost more). 

The committee puts some of the most 
expensive projects on ice. HERA, a high 
energy proton—electron collider for the 
DESY subnuclear physics laboratory at 
Hamburg which would cost DM 600 
million (in two parts) is recommended ‘‘in 
principle”, but a decision should await 
developments in superconducting 
technology; and the question of a relativ- 
istic heavy ion accelerator for GSI 
Darmstadt (DM 190 million) is to ‘‘remain 
open’. 

The latter raises an interesting question 
in physics: will relativistic heavy ion 
collisions lead to entirely new states of 
nuclear matter (as in neutron stars) as some 
nuclear physicists predict, or will it just 
lead to a mass of high energy but otherwise 
familiar fragments? The feeling in 
Germany is that some low cost test of this 
question should be made first, for 
example, by feeding heavy ions into the 
intersecting storage rings at CERN. But if 
such experiments were done, German 
thinking goes, it should be outside CERN’s 
budget or there will be no money for LEP. 

On this issue, on HERA, and on others 
such as the proposed spallation neutron 
source (where Jülich and Karlsruhe have 
competing proposals) and the deep drilling 
programme of the Deutches Forschungs- 
gemeinschaft, Germany will also be 
looking for increased international col- 
laboration. The European synchrotron 
radiation source, however, proposed by 
the European Science Foundation, is said 
to be “not of high priority’. Robert Walgate 
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Detente denied 


Western leaders have failed to react 
‘realistically’? to Mr Brezhnev’s latest 
proposals for detente, a Pravda editorial 
complained last week. The proposals, put 
forward at the party congress last month, 
covered three main issues: the extension of 
‘confidence building measures’? (CBMs) 
to all Soviet territory west of the Urals, and 
the possibility of introducing similar 
measures in the Far East, special 
negotiations on the Persian Gulf and 
Afghanistan, and a moratorium on 
medium-range nuclear weapons in Europe. 

The party congress coincided with the 
closing weeks of the Madrid review 
conference on implementation of the 
Helsinki Final Act. CBMs, as specified in 
the Final Act, cover notification of major 
military manoeuvres (more than 25,000 
troops), exchange. of observers for 
manoeuvres and also notification of major 
troop movements, though this last clause is 
left to the discretion of the participating 
states. Notification of manoeuvres, 
moreover, in the case of a participating 
state whose territory extends beyond 
Europe, is mandatory only for an area 
within 250 km of its European frontier. 
The suggestions that the Helsinki clauses 
on CBMs should extend as far as the Urals, 
came, initially, from the French delegates 
to Madrid, and were not greeted with 
enthusiasm by the Soviet delegation, until, 
on 23 February, Mr Brezhnev made them 
his own. Not surprisingly, Mr Brezhnev 
suggested some kind of reciprocity from 
the West. Since the whole of Europe falls 
within the CBM zone, this would 
presumably have to be of a qualitative 
nature, such as the discretionary noti- 
fication of smaller-scale troop movements, 
or, judging from hints in the Soviet media, 
curtailing ‘‘provocative’’ broadcasts to the 
Soviet bloc. 

Afghanistan, too, was an issue which the 
Soviet delegation at Madrid at first tried to 
block as *‘irrelevant’’ (because the Helsinki 
Final Act referred to security and cooper- 
ation in Europe). Mr Brezhnev’s call for a 
moratorium on nuclear arms seems to 
reiterate the Polish proposal at Madrid for 
a European disarmament conference in 
autumn 1981. Unfortunately, none of Mr 
Brezhnev’s peace proposals touched on the 
sensitive issue of declaration and 
verification of troop and armaments 
strength — the point on which all similar 
negotiations have broken down for the past 
35 years. His suggestion of an ‘‘authorit- 
ative international committee” whose 
members ‘‘might include the most 
prominent scientists’? of the countries 
concerned, which would ‘‘demonstrate the 
vital necessity of averting a nuclear 
catastrophe’’ has, however, been passed on 
to the international Pugwash council as a 
matter of urgency. 

On the other aspects of detente, the 
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| Moscow seminar threat 


The Moscow Sunday seminars for 
| Jewish refusnik scientists, which have 
been held (official harassment permit- 
ting) since 1973, now face a new threat. 
Last Friday, Dr Irina Brailovskaya was 
informed by the deputy chairman of the 
local municipal council that if she 
continued to host the seminars, she and 
her whole family would be liable to 
internal exile. 

This official told Dr Brailovskaya that 
there had been complaints from the 
neighbours about the holding of the 
seminars. ‘‘We do not object to scientific 
meetings’’, he explained, ‘‘but the devil 
only knows what is going on here!”’ 

The seminars have only recently 
resumed after a KGB clamp-down last 

-pautumn. Following the arrest of Dr 

“+ Viktor Brailovskii, on 13 November, for 
several weeks the apartment was 
surrounded on Sundays by security police 
who turned away intending participants. 
Early in the new year, the seminars 
resumed on Saturday evenings, and then, 
a few weeks ago, reverted to the 
traditional Sundays. 

In a recent message to Western 
scientists, Dr Brailovskaya said that her 
husband has been held in custody beyond 
the legal limit (three months) within 

| which he should have been either charged 
:-f or released. He is, she said, in a poor state 
of health, suffering from chronic 
hepatitis and a blockage of the gall duct. 


auspices seem good for renewed East-West 
cooperation. President Reagan’s assistant 
secretary designate on human rights, Dr 
Ernest Lefever, is reported to favour 
keeping such matters distinct from inter- 
national politics. The several thousand 
Western scientists who signed personal 
moratoria pledges bound themselves to 
limit their contacts with the Soviet Union 
only until the end of the Madrid conference. 
However, at the meeting of the United 
Nations human rights commission in 
Geneva last week, a motion from the 
Canadian delegation was dropped from the 
agenda. Vera Rich 


Science education 


Tap turned off 


Washington 
The Reagan Administration is proposing 

to eliminate alł support at US universities 
for undergraduate and graduate science 
students at present provided by the 
National Science Foundation. 
- The cuts are part of a plan to phase out 
the foundation’s responsibilities for 
science and engineering education, 
justified by the claim that these are of lower 
priority than the need to support basic 
research. But the proposed cuts may have 
been partially instigated by conservatives 
upset by some of the foundation’s 
- educational activities. 


The cuts would eliminate several 
programmes introduced over the past few 
years, primarily at the direction of 
Congress. These include support for 
women, minorities and ‘‘talented 
individuals’? in science, strengthening 
science teaching in middle and high 
schools, and efforts to improve public 
understanding of science. 

The new Administration argues that 
such efforts are of low priority, and that 
they are too broadly spread and narrowly 
focused to have any significant effect. 
Science teaching has, however, always 
been treated better by Congress than by 
either the National Science Foundation 
itself or the Office of Management and 
Budget; and there remains a good chance 
that some of the money will be put back 
during the congressional review process. 

In response to the report last year by the 
foundation and the Department of 
Education which drew attention to the 
growing ‘‘scientific illiteracy’? among the 
US public and to concern over the lack of 
adequate technical graduates in fields 
related to energy and military technology, 
President Carter had proposed in January 
that the 1982 budget for the foundation 
should include an allocation of $119.9 
million for science and engineering edu- 
cation, a significant increase over the $80.7 
million allocated in the current year. 

In contrast, the new Administration 
suggests that the current budget be reduced 
to $64.7 million, and that support for 
science and engineering education next 
year be reduced to $9.9 million. All of this 
sum would be used to meet existing 
commitments to students receiving 
fellowships. 

Other cutbacks include the elimination 
of three major programmes: science 
education resources improvement ($21.8 
million in 1980), aimed at improving 
undergraduate instruction in two- and 
four-year colleges by upgrading 
instructional equipment and teacher 
competency; science education develop- 
ment and research ($13.8 million) for 
developing new and more effective 
materials and methods of instruction in 
science and engineering; and science 
education communication ($8.5 million), 

Reaction to the proposed cuts has been 
sharp. Dr Alan Bromley, professor of 
physics at Yale University and president of 
the American Association for the 
Advancement of Science, warned that ‘‘to 
expect scientific and technological progress 
while abandoning efforts at improving 
science and engineering teaching in our 
schools is illogical and a disservice to the 
nation’s interest’. The association had 
previously announced that science 
education was to become a principal target 
of its own efforts over the coming year. 

Dr Gerald Liebermann, dean of research 
at Stanford University, last week voiced 
the universities’ anxieties: ‘‘In the past we 
have had to put little of our general funds 
to the support of graduate students in 


179 


Argentinians face charges 

Dr Jose Federico Westerkamp, 
formerly professor of physics at the 
University of Buenos Aires, was arrested 
on 27 February 1981 during a police raid 
on the human rights organization CELS 
(Centro de Estudios Legales y Sociales, 
Centre for Social and Legal Studies). He 
was held in custody for a week, then 
released. Police investigations into his 
human rights activities are, however, 
continuing. 

Dr Westerkamp, who had been active 
on behalf of human rights in Argentina 
for several years, was a co-founder of 
CELS, together with two lawyers — Dr 
Emilio Fermin Mignione and Dr Augusto 
Conte Mac Donell. The group, which was 
set up early in 1979 and legally registered 
in March 1980, investigates human rights 
abuses, including the defence of political 
prisoners and the gathering of data 
on ‘‘disappeared’’ persons. Dr 
Westerkamp, whose son Gustavo has 
been a political prisoner since 1975, has 
been particularly active on behalf of 
imprisoned and ‘‘disappeared’’ scientists 
and academics, and has on numerous 
occasions spoken on their behalf at inter- 
national scientific meetings. 

According to the Argentinian 
newspaper, La Razon, CELS members 
face charges under article 224 for 
possessing plans and diagrams of military 
installations, carrying a possible penalty 
of two to eight years imprisonment. 


science and engineering, but it is likely that 
we will now have to reevaluate our whole 
policy in this area”. Dr John C. Crowley, 
of the Association of American 
Universities, claims that the cuts would 
wipe out ‘‘one of the two functions for 
which the foundation was established” and 
“calls into question the basic purpose of 
the National Science Foundation’’. 

At the foundation itself, where it has 
been frequently claimed that science 
education has received less support than 
basic research, officials admitted that the 
cuts were “‘hard to square’’ with the report 
presented to President Carter last autumn. 

Federally-sponsored science education 
programmes have some powerful 
opponents on the right. Some argue that, in 
principle, the federal government should 
play a minimal role in curriculum develop- 
ment, leaving it to state and local schools 
boards; others have criticized the 
foundation’s education activities in the 
past, for example in developing biology 
and social science courses which, they 
claim, reinforce ‘‘relativist’’ values by 
portraying man and woman as part of 
nature, rather than unique creations. The 
cuts in the science education budget seem 
to have been orchestrated by groups such 
as the conservative Heritage Foundation 
and are likely to receive support from con- 
servative members of Congress. 

David Dickson 
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Swiss nuclear power 


Sanctions bite 


Zurich 

There is growing concern in Switzerland 
about uranium supplies for the nuclear 
energy programme. Indigenous deposits 
are too small to reduce foreign 
dependence, and the efforts of the chief 
suppliers, Canada and the United States, to 
prevent nuclear proliferation have led to 
acts which the Swiss consider to verge on 
blackmail. Although the pro-nuclear lobby 
maintains that the long-term prospects are 
‘not unfavourable’’ and that the present 
supply hitch is merely a temporary in- 
convenience, there are signs that the 
country’s independence, self-determin- 
ation and neutrality will be threatened if 
nuclear power becomes a major element in 
its energy mix — just as today they are 
threatened by an overwhelming depen- 
dence on imported oil. 

The nuclear plan — yet to go through 
parliament — foresees a capacity of about 
7,000 MWe in conventional nuclear 
reactors by the beginning of the next 
century. With an average reactor life of 30 
years, total requirements of uranium will 
be around 40,000 tonnes. A laborious 
search for indigenous deposits over the 
past 20 years has turned up several occur- 
rences of interest, none of them econo- 
mically viable. 

The highest grade mineralizations occur 
in the Vallorcine granite in the Vallée du 
Trient (Valais) with average uranium 
contents of 0.1 to 0.2 per cent. But exten- 
sive exploratory drilling and trial shafts 
revealed reserves of less than 2,000 tonnes. 
Larger reserves are suspected in the upper 
Rhine valley near Trun (Graubiinden), but 
there the average grade is too small 
(0.02-0.1 per cent). An unpublished 
government report in 1977, after an initial 
exploration costing 6 million francs (£1 = 
SF 4.33), concluded that the deposits in the 
Alps can be regarded only as emergency 
reserves. Normally, Swiss reactors will be 
completely dependent on imported fuel. It 
is this dependence which is beginning to 
cause some alarm. 

The present dispute with Canada illus- 
trates the issues. Since 1958, Canada has 
been the main supplier of natural uranium 
under a bilateral treaty. In 1977, however, 
the Canadian government refused per- 
mission for the transfer of yellow cake to 
the fuel fabrication plants in the United 
States which the Swiss utilities had already 
paid for. Since then, almost 1,000 tonnes of 
uranium have been blocked, and the Swiss 
utilities have been forced to buy alternative 
supplies on the international market — at 
far higher prices. 

The reason for the blockade is the 
reluctance of the Swiss government to give 
in to Canada’s demand for inspection and 
control rights with respect to some Swiss 
exports. Since the explosion of an Indian 
nuclear device in 1974, Canada has insisted 
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that every effort must be made to prevent 
sensitive materials, goods and technologies 
of ‘‘essentially’’ Canadian origin from 
being passed on to third countries without 
Canadian permission. 

The Swiss government is in an extremely 
awkward position. The Bundesrat is being 
pressured from all sides and is still 
vacillating. The utilities consider Canada 
as their main long-term supplier and want 
the Canadian demands to be met at once, 
with as little fuss as possible. In fact, they 
have already negotiated the required 
amendments to the treaty, with rather 
furtive government backing. But this 
document has been gathering dust since 
1979 because of its political explosiveness. 
The opposition by industrialists and 
politicians to a treaty modified under 
duress is expected to be loud and strong. 
The former see it as a completely un- 
warranted interference in the free market 
and object to controls not governed by 
Swiss laws. The latter see the loss of 
sovereignty and capitulation to outside 
pressure as matters of principle. Jurists 
have even suggested that Canada’s failure 
to supply is a breach of the treaty which 
should be taken to the international courts 
— an interpretation which the Bundesrat 
has vehemently denied. And anti-nuclear 
members insist on asking awkward 
questions in parliament. 

The general public, which is already 
rather sceptical of the future of nuclear 
energy, is confused. Industry and govern- 
ment experts maintain that the situation is 
under control and that it is only an initial 


More interferon cloned 


The interferon genes of a and 
8 interferon, produced respectively by 
lymphocytes and fibroblasts, have been 
cloned successfully in Escherichia coli at 
the University of Warwick, according to 
an announcement this week from the 
university. The project, led by Professor 
D.C. Burke, has been under way for the 
past three years. The Wellcome Foun- 
dation, one of several sources of finance, 
is also collaborating technically. 

Although the two interferon genes 
have been successfully cloned in a 
bacterial plasmid, the genes have not yet 
been incorporated at plasmid sites where 
they are expressed, so as to produce the 
protein interferons. 

Although at least three other groups 
(Biogen, Genentech and G.D. Searle) 
have successfully cloned interferons, 
doubts about the patentability of the 
techniques imply that being fourth is not | 
necessarily to be robbed of reward. 

For cloners of interferon, however, the 
most obvious prize for the immediate 
future is the cloning of gamma- 
interferon, otherwise known as immune 
interferon, which may have more 
interesting physiological properties than 
the two now in clinical trials. 


difficulty which, once mastered, will be 
followed by long-term guarantees of fuel 
supply. International cooperation and the 
direct financial participation of the utilities 
in uranium exploration will, they say, 
ensure that future requirements will be 
met. But the signs are hardly encouraging. 
. Two tendencies suggest that uranium 
mining and export will become increasingly 
controversial issues in the internal politics 
of the producing countries — the inevitable 
exploitation of lower grade ores, resulting 
in greatly increased environmental impact, 
and the increasing concern about the 
spread of nuclear weapons. The rapid 
development of nuclear power elsewhere 
will keep the world uranium market under 
pressure — and minor users like 
Switzerland at a constant disadvantage. If 
Switzerland’s uranium supply today is being 
adversely affected by the explosion of a 
bomb nine years ago on another continent, 
what next? Geoff Milnes 


Indian community health 
Cure for all ills 


Lucknow 

The Indian government’s target of 
‘*health for all” by the year 2000 will not be 
met unless present policies are radically 
changed, according to a study group set up 
by the Indian Council of Medical Research 
(ICMR) and the Indian Council of Socia! 
Science Research (ICSSR). 

Their report stresses that health should 
be recognized as a function of the overall 
development of society. An ‘‘alternative 
health care model’’ is presented which 
includes programmes for national 
economic growth with the objective of 
doubling national income per capita by the 
year 2000, full-scale employment at 
reasonable wages, improvement in the 
status of women, adult education, 
elementary education for all children 
between 6 and 14, welfare of backward 
classes, rural electrification, housing and 
organization of the poor. The report also 
suggests setting up a National Population 
Commission with the objective of 
stabilizing the total population at 1,200 
million by the year 2050. 

The ‘‘alternative health care model” 
encompasses promotive, preventive and 
curative aspects and combines ‘‘the 
valuable elements in Indian culture and 
tradition with the best elements of the 
Western system’’. t 

The report suggests that a Medical and 
Health Commission should be set up to 
look after the quantitative and qualitative 
aspects of health education. It recom- 
mends that drug production should be 
correlated with disease patterns with a bias 
towards the economic production of basic 
and essential drugs. On the research side, 
the important areas are delineated as 
parasitic diseases, problems of environ- 
ment, sanitation and indigenous medicine. 

Zaka imam 
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Oil tanker hazards 


Inaction at sea 


Brussels 

The recently published Liberian report on 
the Amoco Cadiz disaster draws attention to 
the belief widely held in shipping circles that 80 
per cent of accidents at sea are due to human 
error. In March 1978 the tanker went aground 
off the coast of Brittany spilling 230,000 
tonnes of oil. And now the captain is to get his 
licence back despite his failure to send out a 
distress signal at the earliest opportunity. 





Amoco Cadiz — what happens next time? 


The incident prompted the European 
Commission to spend two and a half years 
in preparing a set of proposals on how such 
accidents could be prevented and cleaned 
up in the future. The proposals were 
published last June, and despite pressures 
from the French government they run the 
risk of never being accepted. 

The most controversial issue concerns a 
requirement that member states should 
identify sub-standard ships using their own 
ports and order deficiencies to be rectified. 
Now that Greece has joined the European 
Community, 30 per cent of the world’s 
shipping falls under Community 
jurisdiction. A recent debate in the 
European Parliament on the idea that the 
port state should check the standards of 
shipping ended in uproar, with the Greek 
representatives defending themselves 
against accusations that most defective 
ships were Greek-owned. 

Conventions on shipping safety have 
already been established by the Inter- 
governmental Maritime Consultative 
Organization (IMCO), but signatory 
countries have been slow to enforce them. 
The Commission’s directive would make 
the IMCO conventions mandatory. 

Dissatisfaction at the slow progress of 
both IMCO and European Commission 
proposals led France to hold a conference 
on shipping safety and pollution in 


0028-0836/81/120181-02$01 .00 


December last year. The Paris conference, 
which was attended by Spain, Portugal and 
Nordic countries as well as the European 
Community, set up acommittee, which has 
been meeting in the Hague, with the 
declared aim of drawing up rules on the 
obligations of port states which would be 
acceptable to all European countries. 
While these deliberations go on, the 
European Commission has made still more 
proposals, intended to stand more chance 
of being adopted quickly. One directive, 
already adopted, calls for all relevant data 
on tankers and their movements to be 


stored on a computer. Another requires 
details of the contingency plans of all 
member states to be computerized, and the 
Commission wants to run training schemes 
and equipment testing programmes. Many 
such precautions are already in operation 
in the United States, causing operators 
with sub-standard ships to concentrate on 
European trade. 

Whatever the various European 
Community bodies decide, nothing much 
is likely to happen for some time. The 
United Kingdom and Denmark still refuse 
to countenance giving the Community 
competence in this field. 

In the meantime, France is still pressing 
for the £670 million estimated to be the cost 
of damages caused by the Amoco Cadiz. 

Jasper Becker 


US animal research 
Stricter safeguards 


Washington 

Although the United States has so far 
avoided violent demonstrations against the 
use of animals in research such as those in 
Canada and the United Kingdom, public 
pressure for stricter safeguards is 
mounting. Three separate bills have been 
introduced in the new session of Congress. 
One, first introduced by Representative 


Frederick Richmond in 1979, would permit 
the withdrawal of public funds from any 
research project in which laboratory 
animals were judged to be used 
unnecessarily. 

The research community, and officials 
at the National Institutes of Health (NIH), 
are dismayed at the prospect of new 
regulations. At a meeting last month con- 
vened by NIH, scientists and animal 
welfare groups discussed the feasibility of 
the wider use of in vitro testing methods 
and mathematical modelling as alter- 
natives to the use of live animals. Dr 
William Raub, associate director at NIH, 
said that he would approach the Office of 
Science and Technology Policy (if it sur- 
vives under the new Administration) to 
suggest a regular forum for the discussion 
of alternatives to animals. 

This proposal should at least satisfy 
Congressman George Brown, previously 
chairman of the House of Representatives 
Science and Research Committee, who 
came out in favour of more open discussion 
between scientists and their critics after a 
flood of correspondence supporting the 
Richmond bill. One of Mr Brown’s 
objectives is to avoid trouble such as that in 
Canada, where radical anti-vivisectionists 
last year broke into National Research 
Council laboratories, setting free labor- 
atory animals. 

In the United States, protests against the 
widespread use of laboratory animals have 
taken the form of lobbying, led by groups 
such as United Action for Animals, based 
in New York. 

One result so far stems from the 
campaign last year by more than 400 
animal welfare groups against the Draize 
irritancy test for cosmetics, in which liquids 
are dropped on rabbits’ eyes to test for 
inflammation. Revlon, one of the largest 
cosmetic manufacturers, was singled out 
for criticism and last November gave a 
$750,000 grant to Rockefeller University to 
investigate cell culture alternatives. 

The passage of new legislation will not, 
however, be straightforward. Present legis- 
lation goes back to the 1960s and is 
concerned with the care of laboratory 
animals, not with the tests to which they are 
subjected. The Scientists’ Center for 
Animal Welfare is pressing for the wider 
adoption of a procedure already intro- 
duced by the Veterans Administration in 
which research proposals are vetted in 
advance to ensure that appropriate pro- 
cedures are followed in the use of 
laboratory animals. 

Mr Richmond’s bill, the front runner in 
Congress, would establish a centre for the 
development of methods of research and 
testing not involving the use of live 
animals. Supporters of the bill say that 
such a centre could operate in much the 
same way as the National Toxicological 
Program, introduced three years ago, 
which coordinates research on toxic sub- 
stances in the major federal agencies. The 
centre would have power to direct between 
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30 and 50 per cent of NIH funds for animal- 
based research into the development of 
alternative testing methods. 

Critics, such as the National Society for 
Medical Research, argue that the bill would 
give federal regulators ‘‘potentially catas- 
trophic’ powers and that scientists use 
alternative methods voluntarily when they 
are available. Feelings on both sides run 
high, however. NIH officials, previously 
cool to the demands of the animal welfare 
groups, seem now to be hoping that if they 
can bend with the wind, legislation will be 
avoided. David Dickson 


UK animal research 


Legislation unlikely 


British legislation on laboratory animals 
is hanging fire until the draft of a Council 
of Europe convention is agreed, 
supposedly in May. The government has 
said that new legislation will not be based 
on the amended version of the private 
member’s bill first introduced into the 
House of Lords by Lord Halsbury last 
session and reintroduced this session. 
Members of the Lords committee that sat 
to amend that Halsbury bill now fear that 
further delays, due to tardiness in the 
Council of Europe or in drafting a new bill, 
could jeopardize agreement reached by 
opposing sides during the committee's 
deliberations. 

The government hopes to avoid passing 
legislation clashing with the convention's 
aims. British legislation, however, is bound 
to be more stringent than the lowest 
common denominator between the 
Council's member states laid down in the 
convention. The latest available draft 
contains nothing that contradicts the 
Halsbury bill or that is likely to give the 
government’s bill drafters pause. 

Whether further amendments will cause 
problems remains to be seen. But the 
government’s objections to the Halsbury 
bill are clearly on other grounds. During 
the second reading debate before 
Christmas, Lord Belstead for the govern- 
ment said that the bill leaves too much to 
the discretion of the Home Secretary and 
invests too many powers in an advisory 
committee that would be set up to review 
regularly ethical matters and the replace- 
ment and use of laboratory animals. 

Lord Halsbury is far from content. He 
suspects that the main objections to his bill 
have come from Home Office inspectors 
who fear that an advisory committee, along 
the lines laid down in the bill, would disrupt 
their well-tried methods of working. 
Despite government assurances that the 
Original timetable still stands, Halsbury 
fears that delays in the Council of Europe 
could push it back. He plans to keep the 
issue alive by pushing his amended bill 
through the committee and report stages in 
the Lords in May even though it is now 
clear that it will never get a reading in the 
Commons. Judy Redfearn 
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Commonwealth meeting 
Food for reserves 


Dacca 

Moves to bolster the dangerously low 
level of world food stocks were the main 
outcome of a meeting of Commonwealth 
ministers for agricultural and rural 
development held in Dacca, Bangladesh, 
on 11-13 February. The ministers agreed 
that by mid-1981 negotiations should be 
completed to create a new International 
Grains Arrangement aimed at providing 
some of the 500,000 tons of cereals needed 
annually to replenish the International 
Emergency Food Reserve. 

This was the first full-scale Common- 
wealth ministerial meeting of its kind, and 
was attended by 21 of the 44 member 
countries. The Commonwealth is made up 
of 20 nations showing a food deficit, and 21 
with a surplus in food production. The 
remaining 3 nations, including host-nation 
Bangladesh, are on the verge of becoming 
self-sufficient. 

The ministers urged quick action from 
international funding agencies, especially 
the World Bank and the International 
Fund for Agricultural Development, which 
are concentrating on aid to the poorest 
countries. Extra resources were called for 
to enable the Commonwealth Fund for 
Technical Cooperation to give more aid to 
developing Commonwealth countries. 

M. Kabir 


Romanian agriculture 
Research expansion 


President Nicolae Ceausescu of 
Romania called last month for greater 
research effort in agricultural sciences. He 
was addressing the 11,000 delegates at the 
Second Congress of Workers in 
Agriculture, including experts on 
agriculture as well as workers from 
cooperatives, collectives and the small 
residual private agricultural sector. 

Although, according to Angelo 
Miculescu, the Minister of Agriculture, 
agricultural production went up by 26.4 
per cent during the 1976-80 Five Year 


Romanian workers — due for some changes 


Plan, President Ceausescu had pre- 
viously pointed out, at a working meeting 
on agriculture in January, that targets 
during the past five years had not been 
fulfilled, and that ‘‘resolute’’ measures 
would still be needed. Such measures, he 
has now told the congress, must include 
expansion of research on plant and animal 
genetics, soil quality and, for the 
economists, the logistics of a switch from 
the traditional farming structure of the 
countryside, to the development of agro- 
industrial complexes. The latter scheme, by 
which food-processing plants are located in 
the countryside, not only eliminates the 
need of transporting perishable foodstuffs 
to the cities for processing, but provides 
additional jobs to reduce the drift to the 
cities. 

The new research priorities will be met 
from the present budget, apparently by 
switching funds from other sectors. 

In all these changes, said President 
Ceausescu, the Academy of Agricultural 
Sciences in Bucharest must have an 
increased involvement both in planning 
and coordination. The Academy, and, 
indeed, the whole educational system, he 
continued, must train more agricultural 
specialists. 

Higher education in the agricultural 
sciences, however, is not to be open to all. 
President Ceaucescu says that only 
workers or former workers in agriculture 
may go to university to study agriculture. 
The practice by which a young city-dweller 
can go to an agricultural institute simply to 
qualify for a clerical job nominally 
connected with agriculture is to stop. 

Similarly, agronomy centres where 
specialists are trained are to be 
reorganized. At present, future experts are 
trained at ‘‘picturesque’’ centres, whose 
sites are frequently chosen for reasons 
other than agricultural suitability. At one 
such centre near Bucharest, for example, 
experts are trained in handling tractors in 
hilly areas, although the centre itself is 
remarkably flat. The reason is simple, said 
the president. ‘‘Comrades from the 
Ministry of Agriculture’’ want the centre 
there, because it is a convenient place for 
them to go and make speeches. 

Vera Rich 
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CORRESPON DENCE 





Genesis of genetics 


Sir ~~ 1 find the current interest among 
biologists in the findings of Gorczynski and 
Steele! somewhat surprising, since a report 
of Lamarckian inheritance was published 
about 3,000 years ago. It is written that: 
“And Jacob took him rods of green 
poplar, and of the hazel and chestnut tree; 
and pilled white strakes in them, and made 
the white appear which was in the rods. 
And he set the rods which he had pilled 
before the flocks in the gutters in the 
watering troughs when the flocks came to 
drink, that they should conceive when they 
came to drink. And the flocks conceived 
before the rods, and brought forth cattle 
ringstraked, speckled, and spotted.’*? 
Were these findings ever reproduced? If so, 
would it not be more appropriate to speak of 
Jacobinic genetics? 


KIRSTEN FISCHER LINDAHL 


Basel Institute for Immunology, 
Basel, Switzerland 


1. Gorezynski, RM., & Steele, E.J. Proc. natn. Acad. Sci. 
tL S.A. TT, 2871-2873 C1980). 
2. Gorezynski, R.M. & Steele, E.J. Nature 289, 678-68} 
(98h). 
3. Genesis Ch. 30, v. 37-39, 


Ethics of genes 


Sir — It was with considerable surprise and no 
little confusion that I read Richard Dawkins’ 
letter on genetic determination (Nature 12 
February, p.528). In his commendable desire 
to dissociate himself from the National Front, 
he has left me totally perplexed about his 
actual views of the relation between genotype 
and phenotype. Near the end of his letter, he 
associates himself with the views of S.J. 
Gould, that the genetic basis of IQ is “trivially 
true, uninteresting, and unimportant’. Yet 
earlier in the same letter, he says that genetics 
is sort of relevant since we may need to ‘‘fight 
all the harder” against genetic tendencies. But 
in his book The Selfish Gene, Dr Dawkins 
wrote that we are ‘robot vehicles blindly 
programmed to preserve the selfish molecules 
known as genes’ (preface) and that these 
genes ‘‘swarm in huge colonies, safe inside 
gigantic lumbering robots, sealed off from the 
outside world . . . manipulating it by remote 
control. They are in you and me; they control 
us body and mind” (p.21). 

It really is very vexing, Just as I had learned 
to accept myself as a genetic robot and, 
indeed, felt relieved that | was not responsible 
for my moral imperfections, Dr Dawkins tells 
mie. that, after all, I must try hard to be good 
and that | am not as manipulated as I thought. 
This is a problem I keep having in my attempt 
to understand human nature. Professor 
Wilson, in his book on saciobiology, assured 
me that neurobiology was going to provide me 
with ‘‘a genetically accurate and hence 
completely fair code of ethics’’ (p.575). I was 


euphoric at the prospect that my moral 
dilemmas at last had a real prospect of 
resolution, when suddenly my hopes were 
dashed by an article in which Professor Wilson 
warned me against the naturalistic fallacy 
(New York Times 12 October, 1975). You can 
imagine my perplexity. I do wish I knew what 
to believe. 

Perhaps I am just asking for that foolish 
consistency which Emerson tells us is the 
hobgoblin of small minds. But I see that Dr 
Dawkins himself is uncertain. I can only echo 
the question he asks in his letter. ‘“Where on 
earth did the myth of the inevitability of 
genetic effects come from? Is it just a 
layman's fallacy, or are there influential 
professional biologists putting it about?” 


ISADORE NABI 


Museum of Comparative Zoology, 
Harvard University, Cambridge, 
Massachusetts, USA 


Cancer causation 


Sir — The Epstein~Swartz article which 
appeared in Nature! (and was essentially 
identical to the manuscript these authors 
presented at the autumn meetings of the 
American Public Health Association in 
Detroit) will elicit a variety of critical 
responses from those in the scientific 
community who are familiar with the specific 
aetiological links between cancer and the 
environment, 

But here I would like to point out one major 
fallacy in the Epstein and Swartz piece — their 
premise (that lifestyle factors have been over- 
stated in discussions of the aetiology of 
cancer) is based largely on the assumption that 
occupationally-induced cancers are more 
prevalent than previously thought. Epstein 
and Swartz criticize Dr Peto for dismissing 
“recent estimates of the importance of 
occupational carcinogens in a report by the US 
Public Health Service as exaggerated, unsound 
and unreasonable”. This alleged ‘report’ 
conchided that ‘‘as much as 20% or more”’ of 
cancers in the near term and future may reflect 
past exposure to specific carcinogens in the 
workplace. 

Epstein and Swartz attempt to build up the 
credibility of this estimate by stating that the 
report was ‘‘prepared by nine named and 
internationally recognized experts in cancer 
epidemiology, statistics and carcinogens from 
three federal research agencies’’ and go on to 
add that ‘‘there is no basis whatsoever for 
recent unsubstantiated allegations by Peto and 
others that all or most of the authors of the 
government report have disowned or rejected 
it or its conclusions”. 

Epstein and Swartz are in error on two 
points in their discussion of occupational 
cancer and the so-called ‘‘estimates paper’’. 
First, nobody except those two authors and 
perhaps some regulators who wished to bolster 
their requests for more legal control over 


occupational chemicals has ever cited the 
‘207% estimate in a serious, scientific 
context. Second, according to a detailed article 
by Ruth B. Schwartz in our publication ACSH 
News and Views* “7 of the 10 scientists 
responsible for these statistics believe they may 
be incorrect. Only one scientist defends them 
as reasonable”. Two could not be reached for 
their opinions. Ms Schwartz’s conclusions 
were based on her in-depth discussions with 
the various “‘contributors’’. 

Perhaps the most succinct evaluation of the 
‘estimates paper’ on which Epstein and 
Swartz rely so heavily was made by Sir 
Richard Doll: “I regard it (the “‘estimates 
paper’’) as scientific nonsense’, 


ELIZABETH M. WHELAN 


American Council on Science and Heaith, 
New York, USA 


1. Epstein, 5.5. & Swartz, J.B. Nature 289, 127-130 (1981). 
2. Schwartz, R.B. ACSH News and Views Nov/Dec (1980). 


Badger debate 


Siz — Dr Flowerdew’s recent letter (Nature 26 
February, p.742) makes me wonder what 
purpose the Mammal Society intended to serve 
by engaging in what can indeed now be called 
“the badger controversy’. Dr Flowerdew says 
that the society spoke out because my report 
provided a ‘‘one-sided”’ interpretation of the 
evidence (“‘biased’’ in Dr Harris’s letter of 11 
December; Nature, p.532), and because my 
“categorical” conclusions and 
recommendations did not take sufficient 
account of “the complexity of the problem”, 
But in Dr Harris’s letter it was also said that 
the society was intervening because it was 
necessary to correct certain ‘‘factually 
misleading statements” that I had made. Yet 
neither letter adduces any new “‘fact’’. Those 
that they use are the ones which I had 
assembled. Nor did either correspondent spell 
out any “anomalies” in the story other than 
those which I had considered. Dr Flowerdew 
now says that there is no unequivocal evidence 
that the gassing policy will produce a long- 
term solution, by which I presume he means 
stamp out the disease. But no one has ever 
claimed that it would. Above all, the Mammal 
Society, on whose behalf Drs Flowerdew and 
Harris have written, does not propose any 
alternative policy which the Government could 
pursue in order to lower the level of the 
reservoir of the bovine tubercle bacillus in the 
affected areas of the South West — the 
existence of which, as Dr Plowright pointed 
out (Nature 1/8 January, p.8), they first 
denied, but which in Dr Flowerdew’s present 
letter he, or the Mammal Society, now seems 
to accept. 

I intended no ‘‘attack on the Mammal 
Society and some of its members” — Dr 
Flowerdew’s words — when I asked on what 
scientific authority the society based its 
presumed criticisms. The authorities on whom 
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$ myself relied were first, the many scientists. 
and veterinary surgeons from the Ministry of 
Agriculture, Fisheries and Food whom I 
cross-examined during my enquiry; second, 
the three internationally-known students of 
animal disease whose help I acknowledged in 
my report — Sir William Henderson, FRCVS, 
FRS, Dr L. Goodwin, FRCP, FRS, and Dr W. 
Plowright, DVSc, FRCVS; and third, 
Professor T. McKeown, FRCP, well known 
for his studies of trends in tuberculosis and 
other diseases; the authorities in the Medical 
Research Council and Department of Health 
and Social Services who are concerned with 
tuberculosis; and Dr B.R. Cook, until recently 
with the New Zealand Ministry of Agriculture. 

The officers of the Mammal Society may 
believe that their society is exempt from the 
usual convention that no scientific society has 
the licence to make corporate statements of a 
scientific nature on behalf of all its members. 
But if it is exempt, one is entitled to ask — 
indeed, one is in duty bound to ask, since we 
are talking about a matter of animal and 
public health that is of international concern 
— who were the authorities on whom the 
Mammal Society leant, and whose counsel was 
denied me. Dr Flowerdew bluntly declares that 
the officers of the society were responsible for 
the statements that have appeared over his and 
Dr Harris’s name. But apart from Dr Frazer, 
not one of the officers listed by the society is 
shown as having either a medical or veterinary 
qualification, and while some of its members, 
in particular Dr Neal, are well-known badger 
naturalists, none has written — unless in some 
unquoted journal — either on TB in cattle or 
on disease in badgers. Indeed, apart from Dr 
Neal’s writings, I can find only one paper on 
badgers by any officer of the society, and that 
is a note by J.F.D. Frazer on badgers in Kent. 
The society’s publications appear in the 
Mammal Review and in the form of ‘‘notes’’ 
in the Journal of Zoology, published by the 
Zoological Society of London. 

Four of some 120 papers that have appeared 
in the lifetime of the Review concern badgers, 
and only seven deal with pathological matters 
(mainly ectoparasites — none deals with TB or 
with diseases in badgers); while only 15 of 311 
“notes” concern badgers, and not one TB. In 
the circumstances, I find it more than a little 
strange that Dr Flowerdew suggests, 
presumably on behalf of his society, that the 
Ministry of Agriculture, Fisheries and Food 
should establish a Scientific Advisory Group 
“containing a small number of independent 
scientists such as wild-life epidemiologists and 
statisticians” — he offers no names — to 
‘analyse the data in detail’’ for the ministry’s 
Consultative Panel on Badgers and 
Tuberculosis, with the unfortunate imputation 
that in the view of the Mammal Society the 
ministry’s scientific and veterinary officers are 
incompetent, and that their analyses of the 
data they collect cannot be relied upon. 


LORD ZUCKERMAN 


University of East Anglia, 
Norwich, UK 


Sir — Why has the Mammal Society (Nature 
26 February, p.742) not attempted a reasoned 
reply to the criticisms contained in the letters 
by Dr Plowright (Nature 1/8 January, p.8) 
and myself (Nature 22 January, p.218), and by 
Zuckerman in his further article (Nature 19 
February, p.628)? 

If it is now accepted that the use of gassing 


by the ministry has substantially reduced herd 


„breakdown in affected areas, its continuation 


is clearly indicated. There does not at present 
appear to be any other way of tackling this 
source of infection. Reduction of badger 
densities in affected areas not only reduces the 
chance of infecting cows because there are 
fewer badgers around, but offers the best hope 
of greatly reducing and possibly, as more is 
learnt, substantially eliminating tuberculosis 
from the badgers themselves. In this respect 
badgers are fortunate in that there is now no 
major external source of infection and the TB 
monitoring of dairy herds gives early warning 
of the presence of infected setts in a locality. 

In their earlier letter the Mammal Society, 
while suggesting that ‘‘other more subtle 
factors may be significant’’, did not dispute 
that density might be of importance in the 
spread and maintenance of TB in the 
badgers. They have now gone back on this, 
stating that ‘‘there is no unequivocal evidence 
that TB in badgers is density-dependent’’. This 
statement is based on the maps of badger 
density and herd breakdowns included in the 
Zuckerman report (p.68,70) which, they say, 
show that ‘‘TB is not only prevalent in areas 
of high density, but also in areas such as South 
Dartmoor where the badger population is very 
low”. Had they referred to the subsidiary 
reliability diagram relating to the badger 
density map they would have found that the 
cluster of infections in South Dartmoor falls in 
an area classified on the reliability diagram as 
‘‘mainly guesswork”. They have completely 
ignored Zuckerman’s discussion in his article 
of the statistical laws governing the 
propagation of infectious diseases, and his 
deduction that the establishment and 
maintenance of TB among badgers in an area 
is likely to be strongly density dependent, from 
which it follows that, as a matter of long-term 
policy, badger population densities should not 
be allowed to become excessive, as they 
certainly appear to be in parts of the South 
West at present. 

The reactions to our other criticisms are 
similarly irresponsible and misleading. They 
dismiss Dr Plowright’s letter with the 
comment that it ‘‘presented no new 
information nor did he answer any of the 
points we raised”. The main point of my letter 
was to cast doubt on the Mammal Society’s 
suggestion that the apparent success of the 
gassing campaign might be due to the decline 
of TB throughout the country. They appear 
now to have partially, but not wholly, 
conceded this point. They make much of the 
large decline from 5.5 to 3.2 per cent of herd 
breakdowns in Cornwall from 1975 to 1976 
“highlighted” by my graph, and claim that it 
could not have been wholly produced by the 
gassing compaign. That there was a marked 
rise all over the country in 1975, followed by a 
corresponding decline in 1976, was clearly 
shown by my graph, and was pointed out in 
my letter, but this does not preclude that a 
large part of the Cornish decline was due to 
the removal of infected badger groups, some 
of which may have been done by farmers 
without the cooperation of the ministry. In 
any case, if the Mammal Society wished to 
comment on the irregularities of the Cornish 
data they might better have directed attention 
to the disturbing rise of infection between 
January 1977 and September 1979 which, 
however, was matched by a substantial fall 
between October 1979 and March 1980, 

There are two further glaring distortions of 
the evidence in their current letter. The first is 


my “contention”, for which I gave reasons, 
that the 15 per cent of Cornish herd 
breakdowns attributed to badgers in the report 
was clearly much too low. That this contention 
was indeed correct was substantiated by the 
further information that Lord Zuckerman 
gave in his article. The Mammal Society accept 
this, but by lumping together the figures for 
1974~75 and 1976-78 they conceal the 
progressive reduction in the proportion of 
“unknowns” and were able to claim that 
‘‘since 1974 badgers were still only believed 
responsible for a minority of breakdowns’’. 

A similar concealment of the full evidence 
occurs in their comment on the origins of 
infection from specific badger setts. 
Zuckerman reported that he had been 
informed that for the whole of Cornwall 72 
per cent of the 51 outbreaks definitely 
attributed to badgers were within 2 miles of 
infected setts and 33 per cent were within half 
a mile, and that for the West Penwith area the 
corresponding percentages were 97 and 47. All 
that they state is that for the whole of 
Cornwall 28 per cent (100 minus 72) were 
attributed to setts more than 2 miles away and 
that badgers rarely travel this distance in areas 
of high density. A glance at the herd 
breakdowns map (p.20) of the report shows 
that the West Penwith area, which covers the 
western tip of Cornwall, contains the major 
pocket of infection and was clearly the source 
of the majority of the herd breakdowns. 

Finally, in connection with their long and 
almost unintelligible argument on the effects 
of the moratorium on gassing, may I make it 
clear that neither Zuckerman nor I ever argued 
that ‘‘TB in badgers and cattle immediately 
increased as a result of the moratorium”; we 
merely reported the latest available data. 
Obviously there are time lags. The full effects 
of the moratorium cannot be properly assessed 
until data for a further year are available. Also 
in this connection, what is one to make of the 
statement: ‘‘This. . . totally ignores the 
likelihood of natural cyclic trends in TB 
prevalence, as discussed in our original letter 
and the reply by Dr Yates’’? There is no 
mention of cyclic trends either in their letter or 
in my reply! 

FRANK YATES 


Rothamsted Experimental Station, 
Harpenden, UK 


Sir — You have recently drawn attention to 
the controversy over the badger-gassing issue. 

The Zuckerman report shows a rise and fall 
of tuberculosis in the South West and also in 
the rest of England from 1974 to 1980. Some 
factor, common to the South West and the 
rest of England, must therefore be sought. I 
believe that factor is one which the Zuckerman 
report carefully avoids —- the resumption of 
health-certification of the Irish cattle imports 
in June 1976 after nearly two years of 
importing TB-infected cattle into the United 
Kingdom during the Irish veterinary 
inspectors’ strike. 

The reluctance of the Animal Health 
Authority to suspend Irish cattle imports at 
that time contrasts sharply with their present 
enthusiasm to destroy badgers on scant 
evidence. 

Peter H. ROBERTS 


Compassion in World Farming, 
Petersfield, UK 
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Propagating rifts in seafloor 


spreading patterns 


SPECIALISTS from diverse geological fields 
recently gathered together to discuss 
mutual studies in the Cascadia region of 
western North America. One of the 
highlights of the meeting was the showing 
of a computer simulation of propagating 
rifts in the Juan de Fuca region by Richard 
Hey of the Hawaii Institute of Geophysics. 
Ever since Vine and Wilson! applied their 
seafloor spreading description to the well 
mapped magnetic anomalies of this region, 
enthusiasts have been cutting and pasting 
coloured maps, trying to explain the 
oblique fractures and other complexities in 
the pattern. For several years Hey and his 
colleagues have been developing and 
refining the notion of propagating rifts% 
to explain data collected along the 
relatively remote Galapagos spreading 
centre. When they applied the concept to 
the Juan de Fuca anomalies, the many 
complexities became easily understood and 
predictable. 

Probably the most convincing evidence 
for seafloor spreading, continental drift 
and plate tectonics lies in the configuration 
of linear magnetic anomalies from the sea 
floor. Vine and Matthews* and Vine‘ 
showed these anomalies to be indicators of 
symmetrical additions of new material 
along mid-ocean ridges and Wilson® and 
Vine and Wilson' showed that these 
anomalies are offset along transform faults 
and their fossil traces, fracture zones. The 
now classic pattern of anomalies and 
offsets is that shown in Fig.a. This pattern 
is constructed assuming that the transform 


from Tanya Atwater 


offset was inherited from the original shape 
of the spreading boundary and that it con- 
stitutes impenetrable end points for the two 
ridge segments which abut it. 

The simple pattern of Fig.a is a useful 
model both for explaining the gross 
configurations of seafloor features and for 
determining world plate motions. For fine 
details, on the other hand, the pattern is an 
oversimplification. Anomaly profiles 
commonly show occasional local sections 
of extra or missing space compared with 
predicted symmetrical patterns. These 
perturbations have generally been 
attributed to small ‘ridge jumps’ at which 
time the centre of spreading suddenly 
shifted sideways to a new location, 
breaking a section off from one plate and 
adding it to the other. In interpretations of 
sparse magnetic profiles, the detected 
spreading centre jumps have generally been 
assumed to be instantaneous breaks across 
new ground. More dense surveys have 
shown this not to be the case, however. 
Rather, the new ridges appear to tear 
through the crust at rates comparable to 
spreading rates, ‘propagating’ forward 
from their tips and gradually overlapping 
and extinguishing the previously existing 
spreading centres. 

The magnetic pattern created by such a 
propagating rift is most easily visualized in 
its stepwise form, as shown in Fig.b after 
Hey. At regular intervals, the lower right- 
hand rift propagates past the transform 
fault, taking over the spreading for a new 
length of ridge and establishing a new 


transform fault at its tip. 

The third figure, after Hey ef al.?, shows 
the anomaly pattern formed by a 
continuous, slow propagation of the lower 
rift and continuous shifting of the 
connecting transform zone. The oblique 
V-shaped traces left in the anomaly pattern 
appear at first sight to be fault lines along 
which the anomalies were broken and 
offset after their formation. Hey* notes 
that, in fact, no fractures ever occurred in 
these directions. They are inherited 
patterns which he calls ‘pseudofaults’. 
V-shaped patterns like these are very clear 
in the Juan de Fuca magnetic surveys’, in 
the Surveyor surveys further offshore® and 
in the Galápagos surveys’. In the 
Atlantic, magnetic anomalies are much less 
clear because of slow spreading rates, 
but V-shaped patterns have long been 
noted in the topography near the 
Reykjanes ridge!’ and at mid latitudes'’. 

Another phenomenon clearly related to 
the propagators is the occurrence of ferro 
basalts and related high-amplitude 
magnetic anomalies'?. These unusual 
basalts erupt primarily near the growing 
rift tips and may help us to understand the 
special environment in which these rifts 
occur. 

The reason why one rift propagates to 
supercede another is not clear. It is 
common for the new rift to have a slightly 
different trend than the old, suggesting this 
is the mechanism by which spreading 
centres adjust to changes in stress 
directions. However, the propagation of 


Marine magnetic anomaly patterns generated by seafloor spreading at: (a) A stable spreading-transform fault system '; ; (b) An oblique rift 
propagating northwards in discrete steps*; and (c) An oblique rift propagating steadily northwards*. Oblique ‘fractures’ mapped at the Juan de 
Fuca and other spreading centres may actually be pseudofaults as shown in (c). 
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_ sifts can be seen. to. accomplish’ other 
interesting results, as well. In the 
Galapagos area, for instance, the rift has 
‘jumped’ south several times (via 
propagating rifts), thereby maintaining a 
location near the Galapagos hot spot. 
Another suggestive relationship is that the 
propagators commonly migrate outwards 
from the proximity of hot spots’. 

The examples of propagators thus far 
documented occur at transform faults of 
small offset. However, Hey et al.? suggest 
that all rifts begin as propagating cracks. 
The present East Pacific Rise in the South 
Pacific seems to have slowly grown, 
gradually replacing one that hes, now 
extinct, to the east!?. Similarly, the original 
rifting of the Atlantic may have been 
progressive as suggested by the non- 
isochronous edge of the magnetic quiet 
zone'*, A more recent version of 
continental rifting can be seen in the Gulf 
of Aden and Gulf of Tadjourah where the 
rift appears to have propagated westwards 
Tanya Atwater is Professor of Marine 


Geophysics at the University of California, 
Santa Barbara. 


into the African continent at a rate of about 


30 mm per years. _ 

The propagating rift idea is really only a 
small modification to our understanding of 
seafloor spreading. Yet, it is an extremely 
satisfying one since it explains so many 
diverse ‘imperfections’ in the record in 
such a simple way, and it gives us a much 
better insight into the processes by which 
rifts form and readjust to changing 


ES 


conditions. o 
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The detection of cellular 
transforming genes 


from Peter W.J. Rigby 


THE demonstration that the transforming 
genes of retroviruses are derived from 
cellular genes, designated proto- 
oncogenes'?, has considerable 
implications. If certain cellular genes are 
oncogenic when placed under the influence 
of viral control elements, perhaps other 
genes, or indeed the same ones, mediate 
chemical carcinogenesis by being expressed 
at high levels as the result of carcinogen- 
induced mutations. Recent work from the 
groups of Robert Weinberg (MIT) and 
Geoffrey Cooper (Harvard University) has 
shown that genes involved in chemical car- 
cinogenesis can be detected by DNA- 
mediated gene transfer experiments. 
Weinberg’s group has been able to 
induce transformation by transfecting into 
non-transformed mouse fibroblast DNA 
from lines of mouse fibroblasts trans- 
formed in vitro by the chemical carcinogen 
3-methylcholanthrene (MC)*. Efficient 
transfection occurs with only one such line, 
NIH3TS3, the cells of which are presumed, 
for some reason, to be particularly efficient 
at taking up and expressing exogenous 
DNA. DNAs from fifteen transformed 
lines were tested and successful transfer of 
the transformed phenotype was obtained 
with DNA from five lines of MC- 





Peter W.J. Rigby is a member of the Cancer 
Research Campaign Eukaryotic Molecular 
Genetics Research Group, Imperial College of 
Science and Technology, London, 
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transformed cells. High-molecular-weight 
DNA ( ~ 30 kilobases in length) was used 
and the efficiency observed was roughly 0.1 
focus forming unit per ug of DNA (FFU 
ug). Cell lines derived from the foci were 
subsequently shown to exhibit another 
parameter of transformation — the ability 
to grow in soft agar. Infection of the trans- 
formed cells with murine leukaemia virus 
failed to rescue a transforming virus, 
suggesting that transformation was not due 
to the activation of an endogenous 
retrovirus. The transformed phenotype 
could be passaged through a second round 
of transfection. Note that the DNA of the 
majority of cell lines tested could not 
transfer the transformed phenotype and, 
more important, neither could the DNA of 
some MC-transformed lines. 

In a second report’, restriction 
endonuclease digestion of MC- 
transformed cell DNA was used to assess 
the number of transforming genes. A gene 
will be inactive in the transfection assay if 
an enzyme cuts within it whereas enzymes 
that cut outside the gene will have noeffect. 
In each of four cases tested, EcoRI and 
Hindlll abolished transformation whereas 
digestion with Baml, Xhol and Sall had no 
effect. It thus appears that the same gene is 
involved in transformation in each of the 
four cell lines. The transforming genes of 
other cell types, a rat neuroblastoma and a 
line of cells transformed by transfection 
with normal mouse DNA, exhibited 


distinct patterns of restriction enzyme 


sensitivity. The lines showing the same 
pattern were all derived by in vitro 
transformation of mouse fibroblasts with 
MC. The DNA of many MC-transformed 
cells was not active in the transfection 
assay, so it seems likely that only a subset of 
MC-responsive sequences was being 
examined. 

In this issues of Nature (p.261), Shih and 
his colleagues extend their observations by 
showing that the phenomenon is not 
confined to genes involved in the trans- 
formation of mouse fibroblasts. Cellular 
transforming genes can cross cell-type and 
species barriers — DNA from three out of 
four rat neuroblastomas induced by 
ethylnitrosourea transformed NIH3T3 
cells as did DNA from a MC-induced 
mouse glioma. In each case the primary 
transfectants were tumorigenic and a 
second cycle of transfection could be 
demonstrated. Similar results were 
obtained with a variety of carcinomas, 
including the Lewis lung carcinoma of the 
mouse, a 7,12-dimethylbenzanthracene- 
induced mouse bladder epithelial 
carcinoma, a benzo-a-pyrene-induced 
rabbit bladder epithelial carcinoma and a 
human bladder epithelial carcinoma. The 
phenomenon was again not general, the 
DNAs of several neuroblastomas and car- 
cinomas being inactive, and rescue experi- 
ments argued against the involvement of 
retroviruses. This paper provides direct 
evidence that mouse cells transformed by 
human carcinoma DNA have acquired 
human sequences. In DNA-mediated gene 
transfer experiments, cells generally seem 
to take up not only the gene that is being 
selected for (in this case the carcinoma 
transforming gene) but also any other 
DNA that happens to be in the calcium 
phosphate precipitate. Human DNA con- 
tains a repeated sequence family, known as 
the Alu family, that is not detectable in the 
mouse genome. Using a cloned Alu 
fragment as hybridization probe it was 
shown that the transformed mouse cells 
had also acquired many copies of the 
human Alu sequence. 

Cooper’s laboratory has reported 
similar results although there are important 
differences of detail’. Using DNA 30 
kilobases or more in length (the same size as 
used by Weinberg’s group), they obtained 
no transformation with DNA from MC- 
transformed cells of murine and avian 
origin or with DNA from corresponding 
normal cells. However, if the DNA was 
sheared to between 0.5 and 5 kilobases, 
transformation was obtained with both 
normal and transformed cell DNA. 
Cooper and his colleagues examined only 
one line of MC-transformed mouse cells so 
their failure to detect transformation with 
high-molecular-weight DNA does not 


conflict with the data from Weinberg’s 


group, who found that only one-third of 
such lines scored positive in the trans- 
fection assay. The frequency at which 
Cooper’s group observed transformation 
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with normal cell DNA, even after 
sonication, was extremely low and Shih 
and colleagues, observing such trans- 
formation, in fact at a higher frequency, 
regarded these data as of dubious signi- 
ficance. When Cooper ef al. used DNA 
extracted from their primary trans- 
~ formants in a second cycle of transfection, 
they again observed transformation but at 
a much higher frequency (0.1-0.2 FFU 
ugt), comparable with that obtained by 
Shih ef al. for the lines that they scored as 
positive. Cooper etal. have also performed 
virus rescue experiments which argue 
against a role for retroviruses and have 
used restriction enzyme digestion to show 
that there are at least two normal chicken 
cell genes capable of inducing 
transformation. 

The following general picture emerges 
from these results. DNA from some 
chemically induced and spontaneous 
tumours will induce transformation even in 
high-molecular-weight form. In these cases 
the transforming gene is dominant and the 
genetic lesion causing transformation is 
likely to be cis-acting, for example an up 
mutation in the promoter controlling 
transcription of the gene. It is not possible 
to conclude that the gene detected is the 
primary target of the chemical carcinogen. 
In many other cases, however, the 
transformed phenotype is not transferable 
and the genetic lesion may therefore be 
trans-acting, for example a defect in a 
diffusable regulatory molecule. In these 
cases transformation may be induced if the 
. DNA is sonicated to a small size before 
_ transfection. The model favoured by 
Cooper’s group is that the sonication 
separates the transforming gene from 
regulatory sequences that normally control 
its expression. In the primary transfection, 
which is very inefficient, transformation 
occurs if the gene integrates close to a 
strong promoter. In a secondary 
transfection a high efficiency is obtained 
because the lesion is now cis-dominant. 

This model depends on dosage. It says 
that genes which during normal expression 
are not deleterious, and may even be vital 
for normal growth and development, can 
be oncogenic when joined to regulatory 
elements which increase their expression. 
This model has received direct support 
from experiments by Vande Woude and his 
colleagues’. They have cloned a proto- 
oncogene, the murine cellular src gene, 
from normal mouse cells and shown that it 
does not transform when transfected into 
cells. If, however, the cellular src gene is 
joined to sequences from the 5S’ end of 
murine leukaemia virus which contain the 
strong viral promoter, the resulting recom- 
binant DNA molecules transform 
_ efficiently. 

Many questions remain. Clarification of 
the ability of normal cell DNA to 
transform and the effect of DNA size on 
transformation frequency is particularly 
important. While Weinberg’s group have 
treated their data with great caution, they 





are amenable to the interpretation 
favoured by Cooper and his co-workers, 
and one eagerly awaits the results of more 
detailed comparative studies. A second 
question is how many transforming genes 
are there and what is their relationship to 
the genes found in transforming retro- 
viruses? The transfection assay should 
allow the detection of many transforming 
genes and Rapp and Todaro? have 
published experiments suggesting that it 
will be possible to rescue genes capable of 
inducing a wide variety of tumours using 
retroviruses as vectors. The demonstration 
that the malignant phenotype of 
chemically transformed cells can be trans- 
ferred by DNA transfection provides a 
ready assay which will allow the corres- 
ponding genes to be cloned. The 
availability in cloned form of genes 
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involved in chemical carcinogenesis will 
surely lead to enormous advances in our 
understanding of this process. Of critical 
importance is the demonstration that 
human transforming genes can be detected 
by transfection because the failure to 
isolate human transforming retroviruses 
has meant that we remain totally ignorant 
of the properties of the proto-oncogenes 
which are surely present in the human 
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Proline and protein 


procrastination 


from Roger H. Pain 


EVER SINCE it was realized that a 
polypeptide could not afford the time to 
explore all possible configurations before 
settling in the unique native conformation, 
the main thrust of work in the field of 
protein folding has been concerned with 
understanding how folding can take place 
so rapidly. The sequences of proteins are 
designed not only to ensure appropriate 
stability and biological function but also, 
and of equal importance, to direct the 
folding reaction along pathways which 
shortcut the majority of configurations and 
allow the native conformation to be reached 
in well under a minute. The broad outlines 
of how this happens are now fairly clear. 


It is therefore strange, at first sight, to 
find that a mechanism currently the object 
of a substantial amount of effort is one 
whereby this highly sophisticated physico- 
chemical process is actually delayed by the 
molecular eccentricity of a few proline 
residues (see Freedman Nature 279, 756; 
1979). The biphasic kinetics of refolding 
exhibited by many proteins have been 
explained by the general model 


Ute uar N 


where U, is an unfolded conformation 
which folds to the native state, N, with 
relatively slow kinetics because it has to 
undergo a prior rate-limiting change into 
the fast refolding form Up. Up contains 
prolines in the cis or trans isomers which 
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occur in the state N, but U, is a form in 
which a proportion of non-native isomers 
have arisen by slow cis-trans 
isomerization. Thus, the kinetics of 
refolding are modified by a transformation 
which is itself almost spectroscopically 
invisible. 

The evidence for this explanation is, in 
the words of Jullien and Baldwin (J. molec. 
Biol. 144; 1981), ‘‘strong but not yet 
complete’’. It has been supported by the 
key double-jump type of experiment. If 
state N is perturbed to state Up by thermal, 
acid or solvent denaturation (jump 1), the 
kinetics of the refolding to N after removal 
of the perturbation Gump 2) will depend on 
the time allowed for the U; v Up 
equilibrium to become established. It is 
found that the slow phase becomes more 
pronounced the longer the time interval 
between the first and second jumps and 
that the activation energy is similar to that 
for proline isomerization. Furthermore, 
strong acid, which catalyses proline 
isomerization, also increases the rate of 
equilibration between Up and Ug. 

The above equilibrium is the simple 
model initially put forward in 1975 by 
Brandts, Halverson and Brennan 
(Biochemistry 14, 4953). However, it has 
always seemed intuitively possible that U, 
could fold to a compact configuration, still 
containing the ‘wrong’ proline isomer, but 
then reorganize itself on subsequent 
isomerization to state N. Baldwin and his 
collaborators have shown that for 
ribonuclease this is true and, indeed, that 
the isomerization process can be speeded 
up in this folded state by as much as 
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50-fold. The more general basic model for 
refolding is now 


slow 
U; —————- U 


(a) fast fast (b) 


Do mente NY 


where I represents one, or a sequence, of 
intermediate states with improper prolines. 
Levitt has drawn attention to the con- 
sequence inherent in this model that the 
refolding route taken will be a function of 
the difference in conformational energy 
between the native state N and the similar 
though pertubed conformation containing 
the wrong proline isomer (J. molec. Biol. 
144; 1981). The higher the strain associated 
with the incorporation of incorrect proline 
isomers into the native conformation, the 
greater the relative importance of pathway 
(b) and the more the system will 
approximate to Brandts’ original model. 
At the other extreme, if the difference in 
energy is low, pathway (a) will predominate 
and isomerization only be detectable 
insofar as the folded state I differs 
spectroscopically or in stability from state 
N. State I will be expected to be 
significantly populated under conditions 
favouring the ‘native’ state. 

Levitt, on the basis of conformational 
enthalpy calculations, postulates three 
levels of strain energy resulting from the 
insertion of incorrect proline isomers, 
types I, H and HI corresponding to energy 
differences of approximately 1, 10 and 30 
kcal molt. Types HI and I correspond, 
respectively, to the two cases cited above, 
while in type H the folded state containing 
an incorrect proline would be relatively 
stable but significantly less so than the 
native state. 

Jullien and Baldwin have taken up this 
classification and have suggested kinetic 
and environmental criteria whereby the 
three types may in principle be recognized 
experimentally. On the basis of spectro- 
scopic and urea gel electrophoresis 
(Creighton J. molec. Biol. 137, 61; 1980) 
investigations on about ten proteins, they 
find definite evidence for proteins with 
type II prolines only, although the 
existence of type I prolines cannot be ruled 
out. Thus, in any system some molecules 
refold fast, others slowly. Generalizations 
about globular proteins are notoriously 
prone to contradiction, however, and 
investigation of a wider range of proteins 
may reveal different behaviour. 

Levitt’s main contribution is to calculate 
the strain energies for each of the four pro- 
lines placed, as the incorrect isomer, in 
bovine pancreatic trypsin inhibitor (BPTI). 
The effect on the protein is shown to 
involve mainly local and relatively small 
shifts from the native conformation. He 
finds that the destabilization of the native 


(therefore type D, 11 kcal mol! for Pro 2 
and Pro 9 (type H) and 33 kcal mot?! for Pro 
8 (type IID). On the basis of these assign- 
ments, one can calculate the proportion of 
BPTI molecules which will refold rapidly 
and Levitt obtains a value of 0.77. Jullien 
and Baldwin, who carry out a detailed 
experimental investigation of the refolding 
of a slightly modified BPTI, find that the 
relative amplitude of the fast folding U, 
-N reaction is 75 per cent, in good 
agreement with the prediction. They also 
find one slow folding reaction which 
satisfies the criteria for a type H residue 
together with preliminary evidence 
strongly suggestive of one or two type I 
residues. Type III behaviour has not been 
found, although this may be due to greater 
conformational mobility in the modified 
BPTI which they study. The ‘catalysis’ of 
isomerization found experimentally has 
been studied by Levitt who calculates that 
states intermediate between trans and cis, 
with the peptide bond angle w ~ 90°, have 
lower energies than the strain energies in 





from Jar Kocourek and Vaclav Hofejsi 


Recent correspondence (see Nature 285, 
66; 1980) demonstrates that there is an 
urgent need to formulate a definition of 
lectins which clearly delineates the 
meaning of the term. However, Goldstein 
et al.’s proposed definition of a lectin as 
‘‘a sugar-binding protein or glycoprotein 
of non-immune origin which agglutinates 
cells and/or precipitates glycoconju- 
gates’’ seems to disregard some 
important points. In particular, because 
the role of lectins in living objects 
is unclear, it does not seem approp- 
riate to define lectins by their in vitro 
biological activities. The agglutination of 
cells — a complex and poorly understood 
phenomenon — may, in the majority of 
cases, be a fortuitous effect of lectins. 
The definition of lectins should be based 
primarily on their most important phys- 
icochemical properties, that is, on their 
interaction with carbohydrates. 

The inclusion into the definition of 
some in vitro activities of lectins, like 
agglutination of cells and precipitation of 
glycoconjugates, would exclude those 
lectins which have only one binding site 
and/or show some toxic or hormone-like 
activities. This is especially true in the 
case of the toxins of Ricinus communis 
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the cis form. The protein seems to be able 
to accelerate the rate of isomerization by 
applying a couple to the w angle. 

Taken together, these two different 
approaches provide more circumstantial 
evidence for proline isomerization as the 
explanation for the biphasic refolding of 
proteins. If the fast and slow phases do, in 
fact, correspond to the sequential U.-1 
and I->N reactions where I is a compact 
configuration, and if most proteins turn 
out to fold as type II or type I, the proline 
quirk affects theexquisite efficiency of the 
folding process less than might have been 
initially feared. The polypeptide chain still 
collapses rapidly, as suggested by 
Creighton, toa compact form within which 
the prolines can sort themselves out at 
leisure. The collapse may be the most 
important feature in that it reduces the 
possibilities for entanglement between 
elements of different domains. Pre- 
sumably the conformational requirements 
for proline residues in the folded protein 
outweigh the necessity for an overall rapid 
folding process. C 


Defining a lectin 


and Abrus precatorius which are struc- 

turally related to the ‘agglutinins’ and 

occur in the same sources so that their 
common evolutionary origin is obvious. 

Recent research shows that many of these 

agglutinins (including that of R. 

communis) may exert very similar 

properties to their toxic counterparts, if 
acting in cell-free systems (Barbieri et al. 

Biochem. J. 182, 633; 1979). 

As long as we consider lectins as 
recognition molecules and assume that 
they mediate information in various (but 
still largely unknown) physiological 
reactions, their definition should be 
based on only three distinct features 
which they all have in common. Lectins 
(1) have at least one binding site which 

can bind free or glycosidically linked 
carbohydrates: this interaction can 
be inhibited by low-molecular- 
weight sugars; 

(2) are not synthesized due to an im- 
mune response and do not have im- 
munoglobulin structure; 

(3) do not show enzymatic activities 
towards carbohydrates to which 
they bind. 

We thus suggest the following 
definition: lectins are sugar-binding 
proteins or glycoproteins of non-immune 
origin which are devoid of enzymatic 
activity towards sugars to which they bind 
and do not require free glycosidic 
hydroxyl groups on these sugars for their 
binding. 
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Chondritic meteorites: a changed 


and changing view 


from R.T. Dodd 


Two decades of intensive study of 
meteorites has drastically changed our view 
of their role in Solar System history. What 
R.A. Daly regarded in 1943 as fragments of 
ashattered tenth planet! , we now recognize 
as samples of at least 20 (ref.2) and perhaps 
more than 70 parent bodies’, most or all of 
which were no larger than Ceres, the largest 
modern asteroid (with a radius of 385 
km):4. Some of the meteorite parent 
bodies experienced partial melting and 
fractional crystallization to yield the 
diverse rocks that we know as iron, stony- 
iron and achondritic stony meteorites. 
Others escaped such differentiation and 
yield samples of rocks — chondritic meteo- 
rites — that formed during or very shortly 
after condensation of the solar nebula and 
underwent little physical and less chemical 
alteration thereafter. While the differen- 
tiated meteorites provide valuable insights 
into planetary evolution’, chondrites 
contain a unique record of the earliest 
stages in Solar System history, and some of 
them contain isotopically bizarre materials 
that may predate formation of the solar 
nebula and/or come from beyond it®. All 
meteorites are important, but the 
chondrites alone among accessible 
materials are survivors of the first steps in 
the 4.55 Gyr progression from interstellar 
gas to modern man. 

Chondrites are more or less 
recrystallized agglomerate rocks (see the 
figure) whose bulk chemical compositions: 
(ignoring H, He and other gases) resemble 
the composition of the Sun. Though all 
chondrites are, in this sense, chemically 
primitive, they show discontinuous 
variations of oxidation state and ratios of 
major non-volatile elements that divide 
them into three chemical classes and at least 
eight smaller chemical groups (see the 
table). There is general agreement that 
these variations reflect processing of 
chondritic material before or during its 
accumulation in at least eight parent 
bodies, though the nature of that pro- 
cessing remains unclear*’*. There is also a 
consensus that the recrystallization evident 
in most ordinary and enstatite and some 
carbonaceous chondrites signifies the 
thermal metamorphism int? or on®!°!! the 


surfaces of the parent bodies; the specific 
mechanism is again unclear’. 

Much discussion of chondrites centres 
on the origin of chondrules, the millimetre- 
sized, drop-formed or irregular bits of rock 
from which these meteorites take their 
name (see the figure). Chondrules are 
present in most carbonaceous and all 
enstatite and ordinary chondrites, and 
their origin is highly controversial. Of the 
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Photomicrograph, in transmitted light, of the 

Manych ordinary chondrite. Chondrules, 

which comprise almost 90 per cent by volume 

of this meteorite, consist chiefly of olivine, 

pyroxenes and residual glass. The field of view 
is 16 mm wide. 





many processes invoked to explain them — 
condensation of droplets from nebular gas, 
fusion of nebular dust by various means, 
shock melting of dust or rock on parent 
body surfaces, explosive volcanism and 
metamorphism — only the last two have no 
modern proponents, and only the last is 
clearly inconsistent with the properties of 
chondrules. 

Debate over the origin of chondrules 
remains spirited, but new analytical 
methods (electron microprobe, neutron 
activation and isotope dilution analysis) 
have provided analyses of individual 
chondrules that place tight constraints on 
models. Chemical trends among 
chondrules in carbonaceous chondrites 
strongly suggest that these objects, like the 
refractory inclusions in such meteorites, 
formed in the condensing solar nebula, by 
condensation of droplets and/or fusion of 
solid condensates'*. On the other hand, 
chemical variations among chondrules in 


ordinary chondrites suggest that they post- 
date condensation and formed through 
shock melting associated with the growth 
of parent bodies'?. It thus appears 
necessary to appeal to different processes 
and/or times of formation’ to explain 
chondrules in carbonaceous and ordinary 
chondrites. 

Chondrules in enstatite chondrites have 
received little attention to date, largely 
because of the perception that all such 
meteorites are metamorphic rocks'*. Two 
recent papers on such chondrules!*:!® are 
therefore welcome. They suggest that 
metamorphism is a less severe problem 
than believed, and that the chondrules in 
enstatite chondrites are remarkably 
complex objects that may require yet 
another explanation. 

Leitch and Smith showed that 
chondrules in the Indarch chondrite con- 
tain two types of clinoenstatite (essentially 
MgSiO,)'> and two types of olivine 
(essentially Mg,SiO,)'® that differ in minor 
element contents and  cathodo- 
luminescence colour. That these and 
similar phases in the Kota-Kota chrondrite!® 
occur together but do not intergrade 
makes it unlikely that either meteorite experi- 
enced significant metamorphic alteration. 
In the standard classification of chondrites 
by composition and degree of recrystal- 
lization'*, they probably belong to type E3 
rather than E4. 

Leitch and Smith (ref.15 and see this 
issue of Nature p.228) observed that the 
distribution of the two pyroxenes and two 
olivines is very complex — some 
chondrules contain all four minerals — and 
hard to reconcile with a direct connection 
between chondrule formation and nebular 
condensation. They suggest that enstatite 
chondrites bring together materials from at 
least two nebular sources, whose history 
included condensation, formation of 
planetesimals, collisional destruction of 
these objects and accumulation of the 
resulting debris. 

Many aspects of this scenario need 
further study, as its authors admit. It is 
important, for example, to characterize the 
fine material between crystals in 
chondrules, which Leitch and Smith 
assume to be dust and vapour deposits. 


This writer is also troubled by their 
explanation of droplet chondrules, which 
tend to contain either red- or blue- 
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Abundances and chemical properties of chondrite classes 


Atomic luminescing pyroxene (or orange or blue 
Class Groups Falls Fe/Si Fe°/Fe Me/Si olivine) and are thought to sample 
different planetesimals. It is not clear why 
Carbonaceous >4 33 1.6~1.8 0.0-0.1 0.90-0.92 liquids generated by collisions should 
Ordinary 3 314 1.2-1.6 <0.1-0.6 0.80-0.83 sample only one of the colliding objects. 
Enstatite >l 1 1.1-2.0 0.7-0.8 0.63-0.68 R.T. Dodd is Professor of Mineralogy in the 
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Abundance data from ref.8; approximate ranges of ratios from ref. 4, State University of New York at Stony Brook. 
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, The Leitch-Smith model for chondrule 
formation is at present skeletal, but their 
demonstration that essentially pristine 
enstatite chondrites exist is very important. 
It encourages those (for example ref.16) 
who are attempting to study chemical 
variations among chondrules in these 
meteorites. It should also encourage other 
workers to move into this neglected corner 
of chondrite research. 

Evidence that the chondrules in carbon- 
aceous, ordinary and enstatite chondrites 
tell quite different stories illustrates very 
well the marked change in view alluded to 
at the beginning of this article. Daly! 
interpreted chondrites as samples of a 
planetary mantle and thus, by implication, 
chemically and physically differentiated 
materials. Had he proved to be correct, we 
might now know more than we do about 
the interior of our planet, but we would 
surely know much less about its origin. A 
shattered tenth planet is emotionally 
appealing, but it would tell us much less 
about the Solar System’s history than 20 or 


more smaller objects caught at various 
stages of internal evolution. That the 
meteorite parent bodies were numerous 
and varied might disappoint Daly, but it is 
very good news for planetary scientists. O 
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Why is the moon 
slowing down? 


from David W, Hughes 


THE Moon orbits the Earth every month 
and on average moves 13.2° per day across 
the sky. As long ago as 1695 Edmond 
Halley (Phil. trans. R. Soc. 19, 1960; 1695) 
suspected that the Moon was slowing 
down in its orbit. Now, that the effect has 
been confirmed, two main causes have been 
proposed: tidal dissipation and variation in 
the value of G, the universal ‘constant’ of 
gravitation. Measurements of this 
acceleration have been reviewed and inter- 
preted by F.R. Stephenson of the 
Department of Geophysics, Liverpool 
University in a recent edition of the Journal 
of the British Astronomical Association 
(91, 136; 1981). 

Tidal friction retards the Earth’s 
rotation. The length of the day is thus 
slowly increasing at a rate of about one 
second in 50,000 years. As an autonomous 
system conserves its angular momentum, 
the angular momentum lost by the Earth is 
gained by the Sun and Moon. The Sunis so 
massive that the reciprocal effect on it is 
negligible but the Moon does, however, 
gain a significant amount of angular mom- 
entum at the expense of the Earth. This 
causes our satellite to drift away at arate of 
about 4 cm per year. 

The acceleration of the Moon can be 
calculated in two independent ways. The first 
relies on the analysis of ancient eclipse 
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observations which extend back over 2,000 
years. The difference between the pre- 
dicted lunar position, if we neglect 
acceleration, and the observed position 
which obviously is affected by the 
acceleration, increases as the square of the 
elapsed time. Over 2,000 years this differ- 
ence is as large as two or three degrees. The 
most recent result obtained using this 
technique is -30 + 3 arc sec century?. An 
indirect method based on the observations 
of the transits of Mercury since 1743 
produced a result of -26 + 2 arc sec 
century?. 

The second approach is through the 
study of oceanic tides. Recent research has 
shown that the sea level has not varied by 
more than a few metres over the last three 
millennia and there is no evidence of any 
significant change in the lunar tidal friction 
over the past 2,500 years. It has also been 
found that the vast open oceans are the 
major energy sink and not, as previously 
thought, shallow regions such as the Bering 
Sea. Calculations of the mean rate of work 
done by the Moon on the ocean surfaces 
resulted in an acceleration of -30.643.1 arc 
sec century’. Ocean tides perturb the 
orbits of Earth satellites and an analysis of 
these perturbations lead to a result of 
-27.443 arc sec century”. 

The recession rate ris related to the accel- 
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eration n and the rate of change of the 
constant of gravitation G by the following 
equation: 


If n is measured and G is assumed to be 
zero, f can be easily calculated. The present 
value for r is 4.0+0.3 cm yr?. The Moon 
was once much closer to the Earth than it is 
now. G.H. Darwin (Scientific Papers 2, 
208, Cambridge, 1908) originally extended 
this deduction to claim that the Moon may 
have originated as part of the Earth. The 
recession rate is inversely proportional to 
the sixth power of the distance. The 
assumption that the present rate of energy 
dissipation has always been active would 
bring the Moon catastrophically close to 
Earth less than 1.5 x 10° yr ago. The Earth 
is three times older than this. Here, to 
quote W.H. Munk (Quarterly Journal of 
the Royal Astronomical Society 9, 352; 
1968), ‘‘we are extrapolating from a few 
thousand years to a few thousand million 
years, always a dangerous undertaking, 
and a harrowing one when the very process 
is in doubt’’. Fortunately it has been shown 
that even moderate changes in the shape of 
oceans and adjacent seas may materially 
affect the tidal dissipation and hence the 
recession rate. The astronomical approach 
thus seems to be of little help in solving the 
problem of exactly where the Moon was in 
the geological past. 

The difference between the acceleration 
measured as a function of Ephemeris Time 
and the acceleration measured as a 
function of Atomic Time yields the non- 
tidal component and consequently the rate 
of change of G. Some 7,000 observations 
of lunar occultations of stars have been 
used by Van Flandern to find an Atomic 
Time value of the acceleration of -36+5 arc 
sec century’. Laser reflectors have been 
also placed on the Moon by Apollo 
astronauts and have been used to give a 
lunar acceleration with an Atomic Time 
value of -23.8+4 arc sec century?. 

Stephenson carefully combines the 
Ephemeris Time and Atomic Time values 
of the acceleration. There seems to be 
considerable overlap between the two data 
sets and he concludes that the present 
observational evidence is quite consistent 
with the interpretation that G is zero and 
the universal constant of gravitation is not 
varying. 

What will be the end result of lunar 
recession? The day (the Earth’s spin 
period) and the month (the lunar orbital 
period) are both increasing, the day faster 
than the month. Eventually it will take 
Earth fifty-five of our present days to spin 
once. It will also take the Moon fifty-five 
days to orbit. Day and month will be equal 
and the same part of the Earth’s surface 


go, 


will always face the Moon. a 
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Intergenic conversion and reiterated genes 


from Richard Egel 


GENE conversion between reiterated genes 
is currently gaining recognition as a novel 
means for exchange in the genome. The 
term gene conversion stands for the 
replacement of a particular DNA sequence 
by a different one. This process is usually 
initiated by the formation of hybrid DNA 
between two partially complementary 
single strands. In general, they belong to 
two double-stranded molecules. The 
following discussion, however, deals 
particularly with the special case when both 
originate from slightly different parts of 
the same chromosome. 

Until recently, gene conversion has been 
the esoteric refuge of a few fungal- 
geneticists who studied the hidden secrets 
of recombination from aberrant tetrad 
configurations, joined only by a few deter- 
mined drosophilists who examined ‘half 
tetrads’ of ‘attached X’ chromosomes, in 
which the two homologues are connected 
by a common centromere. These studies 
suggest that heteroduplex or hybrid DNA 
is a local intermediate in recombination 
events of any sort. In a single meiosis, any 
pair of allelic markers should segregate 2:2 
unless they are drawn into a recombination 
event, in which case various deviations 
from the regular 2:2 distribution may and 
do occur. In fungi with four spores per 
tetrad, 3:1 events are the easiest to detect. 
In other fungi with eight spores per tetrad, 
6:2 and 5:3 events were the first aberrant 
classes analysed. Originally, such a skewed 
segregation pattern, where one of the 
markers had fallen into minotiry, was 
classified as ‘gene conversion’, but it is now 
common practice to call the formation of 
hybrid DNA a conversion event, irre- 
spective of whether the final segregation 
pattern becomes skewed or remains 
symmetrical. 

To understand recombination, one must 
focus on a single intermediate — the piece 
of hybrid DNA where two single strands 
from different molecules have reannealed 
(Fig. 1). In general, such a reannealing will 
not lead to a perfect match as any 
difference in base sequence will reveal itself 
as a misalignment, comprising single bases 
or larger loops of noncomplementarity (a). 
Such discontinuities are either left alone 
until they are resolved by replication (b), or 
are erased before replication by repair 
synthesis (c), using one or the other strand 
as the conserved template. 

If one now considers the adjoining 
 §tretches of homoduplex DNA on either 
side of the hybrid, there are two basic 
possibilities (Fig. 2): the flanking 
sequences can originate from the same 
molecule (a), or they may come from the 
two molecules that contributed to the 
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Hybrid DNA as an intermediate in recombination 


Fig. 1 A stretch of hybrid DNA (a), 
including a noncomplementary region, can 
be replicated directly (b) or first corrected 
by repair synthesis (c). 


Fig. 2 The hybrid region can be part of a 
continuous molecule (a) or recombine two 
different ones (b). 


Fig. 3 The ‘Aviemore model’ of hybrid 
DNA formation between two molecules! 
Newly synthesized DNA; 

degraded strand. e s...» 





hybrid (b). In the first case a limited piece 
of single-stranded DNA has invaded 
another duplex without disrupting the 
overall arrangement of that molecule. In 
the second, the outer parts have assumed a 
recombinant configuration. 

Usually both the DNA molecules 
engaging in recombination come off intact. 
This conservation can be accounted for by 
the following dynamic model', which also 
takes care of other observations (Fig. 3). At 
special sites, one of the strands is opened 
(O), and one of the single-stranded ends 
begins to invade the partner molecule. The 
leaving strand is peeled off further, and the 
gap in its wake is filled by DNA synthesis, 
using the remaining strand as a template. It 
may, in fact, be this synthesis that actually 
drives the reaction. In the receptor 
molecule, the strand displaced by the 
invader seems to be degraded initially, but 
at any moment (S), it can likewise start to 
invade the partner molecule, whereafter 
the further formation of hybrid DNA will 
be symmetrical. This two-phase scenario 
with a switch from asymmetrical to 
symmetrical formation of hybrid DNA has 
been verified experimentally in the fungus 
Ascobolus*. 

At the final stage (H), the connected 
molecules are known as the ‘Holliday 
structure’ or a ‘half chiasma’. The junction 
is relatively free to move back and forth by 
the concerted rotation of the four double- 
stranded arms. Eventually, however, this 
connected structure needs to be resolved. 
In meiosis, where recombination is 
generally thought to occur between two of 
the four chromatids available after 
replication, the Holliday structure must be 
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broken by the cutting of two equivalent 
strands — the two ‘inner’ ones or the two 
‘outer’ ones, as placed in the drawing (H). 
These two alternatives may well assume a 
less asymmetrical configuration when 
viewed in three dimensions, In mitotic 
recombination, however, when hybrid 
DNA appears to be formed at the two- 
chromatid stage, resolution is more likely 
to result from replication through the 
Holliday structure’, rather than by strand 
cleavage before replication. 

A priori, there is no reason why the 
recombination processes outlined above 
cannot occur within families of reiterated 
genes, such as the rRNA, globin or 
antibody genes. Hybrid DNA can still be 
formed as long as there is sufficient 
sequence homology. As the flanking 
regions may not be homologous, however, 
their rearrangement by crossing-over will 
not, in general, be tolerated as this might 
lead to a change in the arrangement of genes. 
However, the invading strand can also be 
disconnected from its source, so there 
could be recombination between the 
reiterated coding sequences alone. In this 
way the overall arrangement of the 
receptor chromatid would remain the 
same. This type of information transfer 
between related but different loci has 
recently been documented in various 
organisms. 

That recombination essentially depends 
on local DNA homology is widely 
accepted. For example, when the rosy gene 
of Drosophila is placed inside a 
heterozygous inversion, the frequency of 
gene conversion is not changed‘, whereas 
crossing-over in the inverted region is 
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deleterious, generating a dicentric 
chromosome together with an acentric 
fragment. 

Duplicated gerfes are often located in a 
tandem arrangement. This situation can 
now be simulated experimentally by gene- 
cloning techniques. Klein and Petes® 
selected a yeast transformant, in which the 
wild-type /eu2* gene, together with a 
bacterial vector, was integrated in the 
vicinity of the chromosomal /eu2 gene, 
which was marked by two frameshift 
mutations. This strain was then crossed 
with a /eu2+ partner. Hence, one of the 
chromosomes of the diploid carried two 
feu2 genes in tandem, only separated by the 
vector DNA. In the absence of 
recombination, all four spores of a tetrad 
should receive a copy of the /eu2* allele 
and grow without leucine. Occasionally, 
however, tetrads were observed in which 
one spore was auxotrophic, due to one or 
both of the original frameshift mutations. 
When these aberrant tetrads (12 of 306) 
were analysed further, the largest fraction 
(6) was due to conversion between the 
duplicated genes. Four cases were due to 
conversion between non-sister chromatids, 
and only one was due to crossing-over. One 
tetrad was apparently caused by a multiple 
event, but it could also be explained by 
early conversion, if hybrid DNA was 
formed before the premeiotic S phase — 
similar to what is usually observed for 
mitotic recombination. On the basis of 
these results, the authors conclude that the 
cells can use gene conversion to maintain 
sequence homogeneity in a family of 
reiterated genes. For this purpose, 
conversion is more efficient than crossing- 
over at staggered places in a tandem series, 
the rectification mechanism previously 
proposed’ because with conversion the 
overall number of genes will be maintained. 

Circumstantial evidence for the 
occurrence of similar events outside the 
laboratory has recently been detected in the 
DNA sequences of three human globin 
genes’, two of which were reiterated on the 
same chromosome with the third allelic to 
one of the others. As is usual for globin 
genes, the expressed parts of these genes are 
interrupted by several introns, and it is one 
of these that apparently has been subject to 
intergenic conversion. This conclusion was 
based on the observation that two 
equivalent introns of the reiterated genes 
contained a segment more similar to each 
other than to the allelic counterpart. 
Interestingly, this segment was located 
adjacent to a presumptive hot spot of 
recombination, 

Working with quite a different system, 
Munz and Leupold? reported genetic 
evidence for the specific exchange of 
information between reiterated tRNA 
genes in fission yeast. They studied the 
reappearance of suppressor-active alleles 
that had been inactivated by secondary 
mutations. This exchange was also most 
easily interpreted as intergenic conversion. 

Intergenic conversion has also been 
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applied to an analogous phenomenon — 
mating-type switching in homothallic yeast 
strains!®-!2, It appears that a certain piece 
of DNA is transferred from a silent 
position to an expressible site, where it 
replaces the piece of information 
previously residing there. This switches the 
functional mating type to the opposite 
type. The information transfer is highly 
asymmetrical in the sense that the source 
segment is usually left unaffected, and the 
target segment to be displaced usually 
discarded. The organism has thus adopted 
aconversion mechanism for the purpose of 
gene control, and it has done so by 
channelling the course into a unique 
direction, 

What other systems are likely to benefit 
from similar explanations? Gene 
conversion may perhaps play a role in the 
generation of antibody diversity. 
Reciprocal recombination can apparently 
explain a host of data from V-C joining to 
class switches. However, the experts still 
appear divided over whether hypervariable 
regions can recombine as mini—genes}}. 
Their independent incorporation into the 
framework of the V genes would certainly 
increase considerably the combinatorial 
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years ago 


In a paper ‘‘presented to both Houses of 
Parliament” the subject of ‘‘oelomargarine”’ 
as manufactured in the United States is dis- 
cussed. This substance is made from beef suet 
by disintegrating in warm water, passing 
through a fine seive, melting at 120° F., sett- 
ling, draining off the oil, and allowing to 
solidify. During the year ending June 1880, 
18,833,330 Ibs. of oleomargarine were 
exported from New York, the greater part 
going to Holland. The manufacture and sale 
of this substance is strongly condemned by 
many butter merchants, and as strongly rec- 
ommended by various well-known American 
chemists. Analyses given in the report show 
very small differences between oleomargarine 
and natural butter, except in the particular of 
soluble fats, of which oleomargarine contains 
considerably less than natural butter. 


Cave Animels and Multiple Centres of Species 

The readers of Semper’s ‘‘Existenzbedin- 
gungen der Thiere, now translated into 
English, will find (vol. ii, p.268 of the German 
edition) an interesting discussion of the 
question of monophyletic or polyphyletic 
evolution of species, the author decidedly 
inclining to the latter hypothesis. Considering 
that at the reot of the manifold and difficult 
problems here involved, there is the relatively 
simple one of single or multiple centres of each 
species in a biographical sense, I take leave to 
ask the following question, hoping for an 
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possibilities. This idea, alas, was badly hit 
by the discovery of a full set of 
hypervariable regions in the first V gene 
from the germ line to be sequenced. 
However, that blow need not be as fatal as 
it seems, because only the downright 
insertion of new sequences is immediately 
excluded, and not the substitution of one. 
sequence for another of equivalent length. 
That is precisely what conversion has to 
offer. So there is still room for mini-genes 
to jump about, and the search for more 
evidence need not be called offjustyet. © 
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answer from among your readers versed in 
these matters. 

To me it seem impossible to maintain the 
single centres of species in a strict and definite 
sense without also maintaining the single 
progenitor of each species, which latter view, 
formerly considered as a necessary 
assumption, has been given up by Mr. Darwin 
in Chapter IV. of the later editions of ‘‘Origin 
of Species” (Sth ed. p.103, 104). Of course the 
acceptance of single centres, in the sense of 
more or less restricted areas of origination, 
may remain valid for the vast majority of 
species, | 

Now, I have sometimes thought that there 
might be a test for the possibility of multiple 
centres, which, eventually, would amount 
almost to an experimental demonstration — 
namely: whether there are cases of the same 
species of blind animals occurring in different 
caves distant from and without subterranean 
communication with each other? Should such 
cases occur it would be most improbable that 
the animals in question had been transported 
from one cave to the other in the modified 
state, and most probable that they had been in- 
dependently evolved in each cave from 
identical species which entered it from 
without, I formerly noted one instance 
perhaps in point, viz. a statement of Prof. 
Cope’s (Nature, vol.vii, p.11) that “the blind 
fish of the Wyandotte Cave is the same as that 
of the Mammoth, the Amblyopsis speclaeus, 
Dekay,’’ but I am not aware whether subter- 
ranean communication is, or has been, impos- 
sible in this instance, Perhaps more decisive 
cases have become known of late? 

Freiburg im Breisgau, March 4 


D. WETTERHAN 





from Nature 23, 17 March, 458, 469, 
1881. 
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COMPUTERS iN THE NEN LABORATORY 


Where will the revolution end? 


Computers have come to stay. And the uses of computing 
machinery are by no means confined to the first and more obvious 
applications, the solution of problems in large-scale arithmetic. 
The pages that follow are intended to point to some of the more 
conspicuous ways in which computing machinery is being used 
for the solution of problems in scientific research which are not 
mere computation. What follows is not, however, a survey of this 
now vast field but rather a pointer to some of the trends that have 
become apparent in the past few years. There is every prospect 
that, in the years ahead, the scientific uses of computing 
machinery will grow still further. Where will it allend? And what 
will be the consequences for the practice of scientific research? 

One of the most conspicuous developments in the past few 
years has been the use of computing machinery in the handling of 
data, but the passage of time serves only to emphasize how much 
remains to be done. In many circumstances, there is no alternative 
to computerized handling. It is unthinkable that the data collected 
by, say, the Einstein X-ray satellite could be handled in any other 
way. The same is true of the vast amounts of data collected by 
detection equipment in high-energy physics, some of which yield 
information in a thousand or so parallel channels in intervals of 
time no greater than a microsecond. In these respects, computers 
have literally made possible some kinds of experiments. But data- 
handling techniques also enhance the value of data. The Einstein 
satellite is again a striking illustration of what can be done (see 
page 197). If the detectors (by their nature) record the time at 
which X-ray photons arrive, or their energy, why not design the 
data-handling system to exploit this extra information? In this 
respect, computers can wring more out of an experiment, or a 
series of observations, than is possible with more traditional 
techniques of data handling. It is natural that astronomers of all 
kinds should be alive to the possibilities with which they are now 
presented. Others will no doubt follow suit. 

Another of the important trends of the past few years (hardly 
referred to in what follows) is the use of computing machinery for 
simulation. Some of the most ambitious essays of this kind are the 
climatic models that have been developed at half a dozen centres 
around the world. The objective is to represent within the 
circuitry of a computer the physical processes occurring in the real 
atmosphere. Climatic models are notorious in their demands of 
the computer hardware, while the development of climatic 
programs is hampered not only by the complexity of the problems 
but by ignorance of, or at least uncertainty about, some aspects of 
the underlying processes. Even so, climatic models have brought 
valuable understanding to some important aspects of the problem 
of climatic change. They have surprisingly been less effective at 
the identification of the physical problems that must be better 
understood before reliable models can be designed. 

Already there have been some striking and successful 
applications of simulation in the study of the nervous system for 
example. In other fields, however, simulation by computer model 
has lived up fully to its purpose, to demonstrate the validity of a 
theory or to identify its weak points, and to serve as a convenient 
and rapid means of telling what will happen in the real world. This 
is another persistent trend. 

Computers that run experimental equipment are also on the 
march. Again, it is unthinkable that the instruments carried aloft 
by rockets and satellites could be operated differently, but the 
sophistication of the technology now in use is a quite remarkable 
demonstration of what has been accomplished in the past twenty 


years, partly no doubt because of military interest in the same 
techniques. That experimental equipment in, for example, high- 
energy physics should be controlled in the same way is also easily 
understood — there is no choice. With the introduction of 
relatively cheap microprocessing equipment, however, other 
surprising applications of this kind have come to light. In some 
quite small laboratories, it turns out to be worthwhile to use sucha 
piece of machinery for controlling a piece of standard equipment 
from which a sequence of observations is required. The benefits 
are certainty, speed and the saving of research assistants’ time. 
The cost is often small. 

In the nature of things, however, most excitement in the years 
ahead will lie in directions not now foreseen. To many people, the 
use of computers for carrying out routine algebraic calculations 
(see page 198) will be a surprise. With hindsight, of course, this 
development seems natural enough. But how many would have 
staked money or reputation on the feasibility and the success of 
this development ten years ago, when computer algebra was in its 
infancy? And who now can guess what other developments, 
perhaps more radical, are buried in embryonic form in the 
research programmes of the computer laboratories? 

Many of the applications of computers in past decade have 
made possible tasks that otherwise could not (or would not) have 
been attempted. Most of the same applications have been 
conceived of by the people most concerned to benefit from them 
— researchers themselves, not the manufacturers of computer 
hardware. And the chances are that the burden of innovation will 
continue to fall on the ultimate beneficiaries. With this in 
prospect, there would seem to be an urgent need that researchers. 
in all fields, not simply those in the physical sciences, should be 
equipped by their education to be able to appreciate the possible 
benefit of computer applications. Although, as the experience of 
recent decades suggests, the most unlikely disciplines appear to 
accrete their own bands of computer enthusiasts, it seems unwise 
that they should rely on such a random process. The implications 
for the education of graduate students are obvious. Some 
practical experience of how to put a computer to good use is 
essential. But it may be even more important that graduate 
students should be led to understand the limitations of computer 
machinery — and to appreciate the pitfalis of over-dependence. 

Like all blessings, the new computer technology is, after all, a 
mixed blessing. Making computers work well can rarely (outside 
the computer laboratories) be an end in itself. And the pace of 
discovery would be constrained if too many working scientists 
spent too much time writing programs for machines, It may also 
be damaged if the seductiveness of computing machinery, and the 
temptation to ask too much from simple computer programs, 
leads laboratories into spending too great a proportion of their 
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resources on what is, after all, merely a means to an end. G 
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Computers and the biologist 


Among biologists, physiologists have 
inevitably taken most readily to the use of 
computers; people brought up to know the 
difference between d.c. and a.c. amplifiers 
are naturally more inclined to give house- 
room in their laboratories to further 
electronic equipment. Yet the past few years 
have seen the infiltration by computers of 
most other kinds of research laboratories. 

In all kinds of laboratories, the chief use 
of computers is still in the storage and 
analysis of data. The principles are as old as 
computers themselves. Data are digitized, 
stored within the accessible part of the 
computer or dumped onto magnetic tape, 
and analysed by whatever computer 
program is appropriate. In the 1960s, most 
large biological laboratories found it 
expedient to install substantial main-frame 
computers to provide their members witha 
data-processing service. Now, however, 
with the arrival of mini-computers and 
microprocessors, the trend is towards dis- 
tributed computer capacity. Individual 
laboratories are acquiring their own mini- 
computers, while many pieces of 
equipment are now designed to operate 
with their own built-in microprocessors. 
(Most manufacturers of substantial pieces 
of equipment, for radioimmunoassay, for 
example, now provide floppy disks which 
allow the users to play games such as Star 
Wers as well as the more sober programs 
required to analyse the data, no doubt 
from compassion for those working in 
laboratories with time on their hands.) 

This trend is probably inevitable, and 
unstoppable. For the user, the obvious 
advantage is to be fully independent, able 
to process one’s data whenever necessary. 
Central machinery working on a batch- 
processing basis is necessarily by 
comparison an encumbrance. And there 
has grown up a certain air of disenchant- 
ment, at least among biologists and bio- 
chemists, with computer systems designed 
to be accessible by means of computer 
terminals in the laboratory. 

Nevertheless, some of those concerned 
with the provision of computing facilities 
in general purpose laboratories are uneasy. 
Although the new small computers and 
microprocessors are cheap, the software 
required for specific specialized function 
may make serious demands of program- 
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ming skills. The end result, some gloomy 
calculations suggest, may be that the 
central cost to laboratories may be greater 
than at present. The alternative, that 
individual researchers should themselves 
become skilled at programming their own 
machines, is regarded with apprehension. 

Laboratory administrators are also 
uneasy about the cost of measuring 
equipment with built-in microprocessors. 
The convenience and efficiency of these 
machines is beyond dispute. The suspicion 
is merely that the value added by the manu- 
facturers of the equipment may not give the 
user a fair share in the cost benefits of the 
cheaper hardware now available. 

The truth is probably that laboratory 
administrators are learning a painful lesson 
in economics. The development cost of 
software for a commercial measuring 
instrument is likely to be greater than that 
of writing a program in a particular 
laboratory. But the manufacturers of the 
measuring instruments with built-in micro- 
processors also find that demand is 
buoyant, suggesting that people able to 
afford the new equipment are prepared to 
pay for its convenience. 

There are several well-attested illus- 
trations of the costs that can be saved by 
home-made equipment. Thus one West 
Coast neurophysiologist, unable to afford 
from his current grant the $20,000 to buy a 
suitable wave-form analyser, reckons that 
he was able to produce a better system fora 
quarter of the cost and at the same time 
produce a system of analysis better suited 
to his needs. The underlying dilemma is 
familiar — to what extent should research 
laboratories spend their time and energy on 
the construction of instruments which are 
nevertheless obtainable commercially. 

Not all of the tasks of the general bio- 
logical laboratory have as yet been 
delegated to the instrument manufactur- 
ers, however. Indeed, even in some of the 
most familiar tasks, the analysis of 
electrical output from physiological pre- 
parations for example, formidable 
intellectual difficulties keep cropping up. 

The standard record in such experiments 
consists of a voltage (or several voltages) 
varying with time, on a time scale of 
milliseconds or thereabouts. Given a visual 
trace of such a voltage, it is possible with a 
ruler to estimate parameters such as the 
peak voltage, the time taken to reach that 
voltage and so on. Computer systems store 
the same information in digital form, and 
there are constant (if groundless) worries 
about the extent to which such data 
embodies ‘‘everything’’. More seriously, 
physiologists are likely to insist that some 
form of visual record should be obtained in 
parallel with whatever computerized 
analysis is found convenient. Machines 
may be abie to analyse complicated sets of 
data once they have been provided with 
criteria for setting about this task, but 


cannot recognize novel kinds of patterns. | 

So much is evident in the difficulties 
which keep cropping up in the research 
programmes intended to provide more 
sophisticated monitoring of the 
physiological condition of hospital 
patients, people in intensive care units for 
example. Many of the systems developed 
for this purpose depend on the recognition 
of abnormal trends in, for example, heart- 
beat rate, or variation from one cycle to 
another. One difficulty is that too little is 
known about the statistical properties of 
normal heart-beats to provide a sure 
yardstick for abnormality. The result is 
that false warnings abound, while few are 
confident that the systems now in use are 
capable of recognizing more than a small 
proportion of impending crises. 

But what of the application of 
computers to tasks in biological research 
that have hitherto been beyond the scope of 
conventional techniques? 

Many of the innovations in the past few 
years are comparable with those in other 
fields. It is unthinkable that X-ray 
diffraction data should, these days, be 
analysed by the traditional methods, and 
computer techniques are used as a matter 
of routine in construction of the models of 
most molecules, biological or otherwise. 
Quite apart from the way in which 
computing machinery has given people the 
courage to tackle problems that would 
otherwise have been neglected, the more 
economical use of data has made it possible 
to work with lower X-ray intensities. — 

Another development of this kind is in 
the construction of molecular models. 
Modelling biological molecules of any 
complexity is a formidable task, and this is 
the principal incentive for the development 
in the past decade or so of computer 
programs which can handle such tasks 
quickly but, more important, can in 
principle explore all possible 
configurations of a complicated molecule. 

These are essentially data-handling 
tasks. The most recent development of this 
kind has been prompted by the sheer size of 
the nucleotide sequences now being 
accumulated. It is natural that these should 
be stored in computer form, and plans for 
the development of such a computer bank 
have been discussed between the National 
Institutes of Health in the United States 
and the European Molecular Biology 
Organization. One obvious elaboration of 
such a system is the use of computer 
programs for searching nucleotide 
sequences for particular configurations of 
nucleotides, for example for configura- 
tions that define the points of action of 
particular restriction enzymes. But the 
construction of a complete nucleotide 
sequence is not always straightforward, 
given that it may have to be inferred from 
the nucleotide sequences of overlapping 
fragments of a complete DNA molecule, 
which is why there are now ambitions to 
solve such essentially combinatorial prob- 
lems by using computing machinery. © 
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Computers cheaper 


One of the most surprising additions to 
the language brought about by the use of 
computers in high-energy physics is the 
verb “‘to Monte Carlo”. (It is not clear 
whether the root of the verb should be 
hyphenated.) The verb is a reference to the 
now standard procedure by which 
somebody planning a high-energy physics 
experiment must recognize that he will not 
get the grant he needs unless he has first 
simulated the efficiency of his detector set- 
up by means of a computer calculation. 
The principle is that the path of any particle 
through the sequence of detectors and 
other recording devices that may be 
involved in an experiment will not only 
depend on the origin and momentum of the 
particle within a beam (whose dimensions 
are never negligible) but also on the strictly 
Statistical chance that it will interact or 
decay at some stage. Analytical cal- 
culations are rarely possible; instead 
physicists use Monte Carlo calculations, in 
which the hypothetical paths of individual 
particles with parameters chosen by means 
of random number generators, and 
chances of interaction similarly deter- 
mined, are followed through the equip- 
ment in the computer simulation. Success- 
ful applicants for grants and successful 
experimenters know that much depends on 
the skill with which their experiments have 
been ‘‘Monte Carloed’’ in advance. 

This, however, is a relatively indirect use 
of computers in the high-energy physics 
laboratories. A much more direct use of 
computing machinery is in the control and 
management of experiments, and here 
perhaps the most striking application of 
computer techniques is in the control of the 
beam of 400 GeV protons in the SPS 
proton synchrotron at CERN. 


The CERN system 


The problem is easily stated. The 
machine consists of a vacuum chamber 
arranged roughly as a spherical ring 2,000 
metres in diameter. The circulating beam 
of protons is intended to have a fixed orbit 
within the vacuum chamber while, to 
prevent collisions with the walls of the 
vacuum chamber and thus the loss of 
protons, the diameter of the beam itself 
should be of the order of 1 centimetre. But 
the beam circulates in the form of a pulse or 
package of protons, thereby increasing the 
electrostatic repulsion between them and 
adding to the inevitable space charge whose 
consequence is further to spread out the 
proton beam. 

To avoid this difficulty, the proton 
synchrotron has been provided with a 
control system consisting of magnets for 
correcting the position of the beam within 
the vacuum chamber based on signals 
picked up by detectors elsewhere in the 
ring. It is tempting to describe this as a way 
in which the position of the beam is 
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adjusted in the light of information about 
its characteristics a few microseconds 
earlier, at the other end of the 2,000-metre 
diameter ring. In practice, of course, that 
description is an over-dramatization. It is 
entirely possible to accommodate 
departures of the proton beam from its 
intended position, or its spread beyond the 
intended width, for several orbits around 
the ring. 


Computer control 


Inevitably the beam adjustment has to be 
controlled by a computer. While in 
principle the system is not markedly 
different from those which make decisions 
on the ways in which detection equipment 
should operate based on observations of 
the properties of a particular particle 
entering the equipment, there is a sense in 
which the development of these systems 
has helped to make very high-energy 
accelerators feasible — or at least to reduce 
their cost or to improve their efficiency. 
The quality of a beam, after all, depends on 
its intensity (the number of particles in a 
single pulse) and on its small dimension. 
Too many particles lost in collision with the 
walls means too much beam intensity 
sacrificed. But the obvious solution to this 
problem, to use a larger vacuum chamber 
or stronger focusing magnets, adds 
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enormously to the cost of what is, after all, 
the most expensive part of such a machine, 
the magnet system in the poles of which the 
vacuum chamber sits. i 

Inevitably, such sophisticated control 
systems, already in use at CERN and at the 
Fermilab in the United States, will be 
incorporated in all large machines built in 
the years ahead. When funds are hard to 
come by, and when high-energy physicists 
must necessarily be seen by their sponsors 
to be making all possible economies in their 
proposals, it is clearly advisable to spend a 
little money on the computer control of the 
particle accelerator so as to save what may 
be a substantial percentage of the total cost 
of electromechanical construction. 


Bubble chambers 


These uses of computing machinery in 
high-energy physics are inconspicuous 
although now familiar. During the past 20 
years, however, one of the most eagerly 
sought developments has been that of the 
computerized handling of the photographs 
of the tracks left by charged particles in 
bubble chambers — the modern versions of 
the Wilson cloud chamber. Tracks in 
bubble chambers consist literally of strings 
of bubbles forming in, say, liquid hydrogen 
at points where electrical ionization has 
been created. Especially with the 
improvement of accelerating machines and 
the inexorable trend towards higher 
energy, bubble chamber photographs 
(which come in stereoscopic pairs or 
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.multiples) consist mostly of uninteresting 
tracks left by particles which have passed 
through the chamber unaffected (although 
perhaps deflected in one direction or the 
other, according to their charge, by the 
external magnetic field of a magnet). 
Traditionally, the analysis of such 
photographs, like the analysis of tracks in 
photographic emulsions, has been carried 
out in high-energy physics laboratories by 
small armies of part-time workers, usually 
women. Pressure to computerize the task 
of analysis has arisen not merely for 
economic but also for managerial reasons. 
A complete analysis of all the interactions 
recorded on a single bubble chamber image 
is too great to be attempted except in 
exceptional circumstances. The first 
attempts at simplifying the task required 
that the human operator should follow 
only tracks judged to be interesting with 
some device whose position in two 
directions could be recorded auto- 
matically, by pressing a button perhaps, 
stored in digital form and analysed to givea 
3-dimensional reconstruction of the track. 

In the past 15 years, however, the 
analysis of the complicated sets of images 
of which only some are interesting has been 
further simplified by the development of 
the so-called Hough-Powell device, 
essentially a means of scanning a plate or of 
scanning an image photometrically with a 
flying laser spot constrained on a 
predetermined raster. A digital output is 
thus provided in a simple form — each spot 
on the image is either black or white. 


Limitations 

In principle, appropriate analysis of two 
stereoscopic photographs of this kind can 
reconstruct the tracks of all charged 
particles passing through a bubble 
chamber. In practice, even with the use of 
computer hardware, the task is too slow 
and too demanding of storage space. 
Accordingly, it is still standard procedure 
for somebody, by means of visual in- 
spection, to select those particular tracks in 
an image which are interesting enough to 
justify detailed analysis. One by-product 
of these computer systems is that they yield 
not merely a detailed geometrical re- 
construction of a track but also a 
kinematical analysis of those particles 
involved. Whether they will ever be capable 
of operating entirely automatically, 
ignoring uninteresting tracks and singling 


out those which, by predefined criteria, are. 


especially interesting or significant is 
another matter — and a problem in pattern 
recognition. 

The development of these systems has 
been to an encouraging extent a colla- 
borative business, in which the large high- 
energy accelerator laboratories have 
played a central part. In Europe, for 
example, one direct result of this colla- 
boration has been the development of a set 
of standards (called CAMAC) intended to 
ensure compatibility of informatio 
processing equipment. | 
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Logic circuits before computers 


When nobody was especially well 
supplied with equipment, but when 
nuclear physicists were better supplied 
than anybody — in the late 1940s and 
early 1950s — it was relatively easy to 
predict who the first users of computers 
would be. It is tempting to think, at least 
where the nuclear physicists are 
concerned, that they learned their habits 
during the Manhattan Project. In truth, 
the search for ways of applying 
computational techniques to the task of 
observing what you want to observe and 
not some tedious background signal came 
two decades earlier, in 1931. 

Then, for practical purposes, there 
were merely a handful of techniques for 
observing the effects of energetic charged 
particles, one of which consisted simply 
of measuring the rate at which a charged 
electroscope would lose its charge. The 
most interesting technique was C.T.R. 
Wilson’s cloud chamber, which had for 
the first time made it possible to visualize 
the tracks of charged particles travelling 
through its confined volume, but which 
to begin with could take snapshots of the 
flux of charged particles through it only 
at randomly chosen intervals. The chance 
of finding something interesting cannot 
have been much greater than that of 
finding a needle in a haystack. 

Geiger counters, also widely used in the 
1920s, were more discriminating than 
cloud chambers in that they would 
produce an electrical discharge only if the 
energy of the charged particle traversing 
them was greater than a certain amount 
determined by the quantity of precise 
composition of the gas with which the 
vacuum was filled — so much argon, so 
much nitrogen and so on. The snag witha 
Geiger counter (1930s vintage) is that it 
was simply a device for answering ‘‘yes’’ 
or ‘‘no’’ to the question ‘‘Where (and 
when) did a charged particle with more 
than the threshold energy pass by?”’ 

But what more natural than to couple a 
layer of Geiger counters connected in 
parallel to the expansion mechanism of a 
cloud chamber so as to ensure that the 
cloud chamber photographs would 
include the track of at least one charged 
particle whose energy was greater than 
the threshold energy? This, in 1930, is 
what P.M.S. Blackett and G. Occialini 
(then at the Cavendish Laboratory) set 
out to do. Blackett used ruefully to 
complain that if Occialini had not takena 
long holiday, they would have found the 
positron before P.W. Anderson. 

From that point on, the use of 
elementary logic circuits, answering 
“tyes” or no’ to questions such as **Has 
such and such a kind of charged particle 
passed through?’’, wasinevitable. Arrays 
of Geiger counters working in 
coincidence (‘A charged particle went in 
and another came out the other side’’) or 


in anti-coincidence (‘‘It went in, but 
nothing came out’’) were all the fashion. 
Chadwick proved the existence of the 
neutron by such a technique. 

By the outbreak of the Second World 
War, people’s ambitions had grown, 
while detection techniques had become 
more complicated — sophisticated is 
hardly the word. By encasing cloud 
chambers in magnetic fields, and 
arranging that the chamber would not be 
triggered into action unless a charged 
particle ‘‘went in’’ and emerged virtually 
unchanged in direction (indicating that its 
energy was very large), it was possible to 
ensure that all cloud chamber 
photographs included at least one track 
of an energetic particle (which is how the 
‘‘strange’’ particles of matter were 
eventually discovered, in 1948). 

Long before then, however, logic 
circuits and the development of detecting 
devices had made it possible not merely to 





P.M.S. Blackett 


record the arrival of a charged particle 
but to assign it to some range of energy. 
The outputs from the devices used for 
such purposes were essentially digital, so 
why should they not be accumulated in 
digital form? This is how it came about 
that nuclear physics laboratories in the 
1950s, but especially those connected 
with semi-secret enterprises, were the first 
to be blessed not merely with huge racks 
of electronics fitted out with tube-driven 
logic circuits but with slave electric 
typewriters as well, recording the data the 
detectors generated. (Most secretaries in 
those same laboratories still used manual 
machines.) 

Frivolity apart, the outcome has been 
important. The high-energy physicists 
have been among the leaders in the use of 
computers for the control of 
experimental equipment. Most of the 
detection equipment now run in 
connection with high-energy particle 
accelerators consists of an elaboration of 
the counter-controlled cloud chamber 
now exactly half a century old. The 
difference is that the primitive logic 
circuits of the old devices have been 
replaced by computing machinery. 
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Astronomy by numbers 


Computers have taken astronomy by 
storm in the past decade or so, and for 
obvious reasons. Need has been matched 
by opportunity, but astronomers have also 
been temperamentally attuned to com- 
puterization by the space programmes of 
recent years. Once it became necessary to 
work with data transmitted in digital form 
by telemetry from rockets and satellites, it 
was certain sooner or later to become 
habitual to use the same techniques for 
dealing with other sources of data. 

Astronomy has traditionally been 
profligate in its regard for data. A single 
plate from a large Schmidt camera, 
covering a patch of sky just six degrees in 
each dimension, may include up to 10% 
images of different kinds. Merely 
recording the positions of these images 
would occupy a skilled technician for the 
best part of a lifetime. The libraries of the 
world’s observatories most probably 
contain enough information to keep the 
world’s astronomers usefully employed for 
the rest of their lives — perhaps on 
problems of no particular interest. 

The simple solution to the problem of 
counting stars and measuring plates is 
similar to that to which high-energy 
physicists were forced in the 1960s, when it 
became impracticable to measure the 
tracks of fast particles in bubble chambers 
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by hand and eye. The first need is a device 
for converting star images into numerical 
records of the density of exposure at 
different points on a plate. Plate reading 
systems have been developed at several 
observatories. As always, the tricks lie not 
in the hardware but the software — in this 
case the rudimentary programs for telling 
which image is what. Is itastar? Ora galaxy 
(and if so which kind)? Or something else? 

One neat way of describing the benefits 
of these systems is that it has taken some 
fifty man-years of programming time to 
develop the software used with the 
COSMOS plate measuring system at the 
Royal Observatory, Edinburgh and that 
the result is to make possible the 
measurement of the images on a single 
Schmidt plate in one day, not one lifetime 
(also fifty man-years). This figure of merit 
is also an index of the true cost of these 
devices — £500,000 is probably an under- 
estimate of the true cost of developing 
COSMOS. 

The other component in the recent com- 
puterization of astronomy is the 
digitization of the data base. The most 
striking illustration so far of the benefits of 
this technique is the Einstein X-ray satellite 
(now, happily and surprisingly, restored to 
working order). The essence of the X-ray 
telescope is a system of conically shaped 





glass surfaces from which X-ray photons 
are deflected at more or less grazing 
incidence. The detectors are inherently 
electronic, borrowed from nuclear physics. 
So the data are inherently digital in form, 
literally consisting of the spatial 
coordinates in the image plane of 
individual X-ray photons. So why not 
record not merely the angle from which 
these photons have arrived but the time of 
their arrival and even information about 
the energy of the incident photons? 

In practice, the Einstein satellite is 
equipped with a variety of X-ray detectors 
which separately provide different kinds of 
data. The detector with the highest 
resolution, called the High Resolution 
Imager, is designed to record the arrival of 
X-ray photons on the MgF, plates from 
which cascades of electrons are generated 
to within 1 second of arc and within 8 
milliseconds. The working spatial 
resolution of the instrument is less than this 
(some tens of seconds of arc) because of the 
properties of the mirror system, but this 
high resolution instrument provides no 
spectral information worth speaking of, 
with the result that the computer systems 
store merely spatial and temporal 
information. 

Other instruments in the Einstein 
Observatory, which can generate spectral 
information (but whose spatial resolution 
is not as high), yield data streams from 
which spatial, temporal and spectral 
information can be regenerated. The 


Some things old, some new 


Electronic computers are merely the latest stage in the computerization of 
the laboratory. The earliest aids to laboratory computation were probably the astro- 
lobes and armillary circles going back to the antiquity of astronomy. The first explicit 


W.H. Smyth's clockwork-driven telescope, 1829 


aids to laboratory computation 
were probably Napier’s logar- 
ithmic systems of coloured rods 
(called ‘‘bones’’) introduced 
early in the seventeenth century, 
and quickly followed by 
Pascal’s logarithmic scale, much 
used (with the help of a 
pair of dividers) by navigators 
in the eighteenth century. 
The needs of astronomers 
stimulated interest in what 
may have been the first 
computerized aid to 
laboratory observation — 
Sky-following telescopes. 
Robert Hooke appears to 
have been the first to have 
conceived of this innovation, 
but his proposal for a 
clockwork-driven telescope 
was built for G.D. Cassini at 
the Paris Observatory and 
commissioned in 1682. 
This was a huge device, with 
the objective mounted at the 
centre of a clockwork-driven 
Structure and with the 





eyepiece mounted separately at a distance 
of more than 100 feet. Cassini’s tele- 
scope was known as his machine 
parallatique. 

Attempts at the further development of 
clockwork-driven telescopes appear to 
have been few and far between in the 
eighteenth century. Such instruments seem | 
to have come into their own only in 
the early decades of the nineteenth 
century. 

Dr John Darius (Science Museum, 
London) writes: 

Driving telescopes around their polar 
axis to follow the diurnal apparent motion 
of the stars is useful for visual observations 
but absolutely vital for astronomical 
photography. The earliest drives, dating 
from the beginning of the nineteenth 
century, were purely mechanical, 
depending on a clockwork mechanism 
driven by weights to rotate the telescope in 
the equatorial plane at the rate of 15 degrees 
of arc every hour. By around 1870, 
telescope drives regulated by an electric 
pendulum clock had been invented, but by 
1910 electric motors were coming into 
regular use. Nowadays digitally controlled 
synchronous motors as uniform as the 
frequency of the mains supply have almost 
wholly replaced their historic forebears. 
The most modern systems now use 
servomechanisms which are controlled by 
computer. 
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An image of comet Bradfield taken by the 
Fine Image Sensor of the IUE satellite 
observatory 


practical value of this complication is that 
some X-ray sources are especially 
interesting because of their rapid 
fluctuation with time. Thus some X-ray 
sources that consist of binary star systems 
in which material is being transferred from 
one star to the other intermittently 
fluctuate in X-ray intensity on time-scales 
of a few minutes. Others, for example 
quasars, also fluctuate in time. Some of the 
earliest observations with the Einstein 
Observatory (see, for example, 
Tananbaum, H. et al., Astrophys. J. Lett. 
234, L9; 1979) were used to demonstrate 
variability of X-ray intensity from distant 
quasars over a period of a few hours on the 
basis of a mere 50 or so X-ray photons. 

It goes without saying that the planning 
of a series of observations with such a 
satellite requires that the on-board 
computers should be explicity instructed 
on what information to store, and in which 
form, while the planning of the way in 
which a high-resolution instrument scans a 
small patch of sky requires some 
forethought about the way in which the 
data will be analysed. Programs by which 
the field of view moves in overlapping steps 
across the sky are often advantageous. It is 
commonplace that observations of part- 
icular objects are pre-programmed not for 
arbitrary periods of time but in such a way 
as to yield statistically significant results 
(which entails concurrent measurement of 
the background radiation). 

Astronomy as a whole now seems 
destined to move in these directions, helped 
by the development of a variety of 
detection devices whose chief purpose has 
been to improve the sensitivity of 
telescopes (optical, radio, infrared, what- 
have-you) but which as a by-product yielda 
strearn of numbers as the crude data. Quite 
what balance will in the end be struck 
between positional, spectral and temporal 
information is, however, still very much a 
matter for astronomers to decide. For the 
plain truth is that while it may in principle 


be possible to record every detail of every 
quantum event occurring at the light- 
sensitive surfaces of the image intensifiers, 
there is no hope of being able to store sucha 
wealth of data. 

Accordingly, there is no sense in which 
the computerization of astronomy can be 
said to have robbed the craft of the need for 
discrimination and judgement. Although 
the coming of more efficient light detectors 
has often made possible dramatic 
reductions in the length of time needed to 
gather significant information about some 
distant object, observing time is still at a 
premium. The need for deciding clearly in 
advance what questions it is hoped to 
answer, and for collecting the smallest 
amount of data required, has therefore not 
diminished. Indeed, it has been intensified 
by the ease of discrimination in the 
collection of data. 

The bugbear that remains is that the craft 
has become almost inextricably bound up 
with computer programming. Research 
students have repeatedly found themselves 
caught up in projects for writing programs 
to recognize, say, elliptical galaxies, or to 
measure the ellipticity of globular clusters. 
Educative though these exploits may be, 
there is obviously a danger that too much 
creativity may be lavished on what is 
essentially repetitive work. 

This is part of the incentive for the 
development in the United Kingdom of a 
linked network of six astronomy centres in 
a project funded by the Science Research 
Council under the trekky name of 
STARLINK. The plan is that five British 
centres (the Royal Greenwich Observatory, 
the Royal Observatory Edinburgh, Univer- 
sity College London and the Universities of 
Manchester and Cambridge) should be 
provided with identical computer systems 
and linked by low-capacity data links to a 
coordinating centre at the council’s 
Rutherford—Appleton Laboratory. 

The objective is to make possible the 
more economical use of people’s pro- 


gramming energies. Schemes for the 
development of novel programs will be 
worked out on an ad hoc basis by the 
collaborating laboratories. Programs but 
also images (containing 500 x 500 picture 
elements or pixels to begin with, perhaps 16 
times as many later on) can be transmitted 
from one centre to another. There are some 
ambitions that the system may be extended 
internationally, to Europe, possibly the 
United States and, with luck, to Australia. 

The STARLINK system is interactive in 
that the DEC VAX computer system pro- 
vides astronomers with a graphic display of 
an image which can be manipulated this 
way or that, to yield profiles across an 
object for example. Much of the work so 
far, however, has been the development of 
programs for the analysis of spectra. How 
does one extract from a record of intensity 
as a function of wavelength numerical data 
for line frequencies and line depths? 
Superficially, the problem resembles that 
which crops up in quite different fields. In 
medical physics, people are forever trying 
to decide how best to characterize 
heartbeats. 

The system is not yet fully a going 
concern, although it is hoped that a full 
package of software will be available ‘in 
months rather than years’’. For some 
purposes, however, the response of the 
system is plainly not fast enough — people 
who want to follow the motion of features 
in the atmosphere of Jupiter, for example, 
need more sophisticated image processing, 
with a much faster response. This is why, 
for instance, some of those concerned with 
the processing of data from the recent 
series of planetary probes have inde- 
pendently developed more sophisticated 
image processing systems. One such is the 
IPSIS system at University College 
London, which gives scientists access to a 
large number of satellite images stored in 
digital form. The interactive nature of the 
system permits a detailed examination o 
all aspects of the data. 


Algebra made mechanical 


The notion that computers are mere 
number crunchers is fast being exorcised by 
one small group of people — the computer 
algebraists. In the past twenty years, 
several classes of problems which require 
analytical and not numerical solutions 
have been tackled successfully. Now, for 
example, there are computer programs that 
can yield analytic expressions for inde- 
finite integrals a good deal more reliably 
than the ‘‘random undergraduate’’, as one 
practitioner puts it. 

Neither the need nor the feasibility of 
these tasks is self-evident. And, as things 
are, the community of computer 
algebraists is small and scattered. Yet, in 
some fields, it is now commonplace for 
people with time-consuming algebraic 
calculations on their hands to use a 
computer program for the purpose. And 
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the fields in which these techniques are 
being used are so diverse that there seems 
every prospect that computer algebra will 
spread. 

The feasibility of computer algebra is 
demonstrated easily enough — perhaps 
most easily by the manipulation of poly- 
nomial expressions such as a+ bx+ cx. 
Adding second-degree polynominals 
together requires an algorithm for adding 
together the coefficients. Multiplication 
and subtraction are similarly straight- 
forward. Division is (as always) more 
difficult, but there is no reason why the 
rules of school algebra should not again be 
applicable. 

Producing analytical forms of indefinite 
integrals, or analytic solutions to 
differential equations, is necessarily more 
difficult, not merely because the computer 
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programs used for these purposes must in 
some sense “‘know’’ the essential mathe- 
matical properties of functions such as sin. x 
or e*, but also because the analogy with the 
way in which students are taught to solve 
such problems (by classification around 
: Solvable standard forms) is not sufficiently 
general. 

Yet programs for these purposes have 
been developed at several centres. Put to 
work on sets of problems taken from 
standard textbooks, they typically yield 
success rates of 97 or 98 per cent — they 
have more than the competence expected 
of undergraduates but are not yet good 
enough to satisfy the purists. But these, of 
course, are not the fields in which 
computer algebra is likely to make its 
mark, 

There are many more telling applications 
_ Of the technique, in fields where in the past 
heroic individuals have battled with for- 
bidding mountains of algebra or have, as 
likely as not, decided that discretion is the 
better part of valour. 


The successes 

One of the first and most striking 
successes in this field was in celestial 
mechanics — the theory of the Moon. The 
problem is straightforward but daunting. 
Since Newton’s time, a knowledge of the 
geocentric longitude of the Moon as a 
function of time has been an essential 
‘ingredient of the craft of navigation. To 
state the problem is simple enough — it isa 
classical problem in Newtonian mechanics. 
It is, however, a three-body problem even 
-without the gravitational effects of Jupiter 
and the other planets and is thus incapable 
of yielding an exact solution. 

In the circumstances, only perturbation 
methods of solution will suffice. 
Numerical solutions, widely used, have one 
serious and for some purposes insuperable 
drawback — errors accumulate horren- 
dously as the span of the time variable 
increases, so that it is not, for example, 
possible to be sure of where and when some 
past eclipse should have occurred. 
Accordingly, there has always been great 
interest in analytical solutions of the 
problem of the Moon — essentially 
approximations in the form of convergent 
series whose terms are individually 
analytical. 

The only successful attack on the 
problem ‘‘by hand’’, so to speak, was that 
of Delaunay, whose two huge volumes on 
the subject were published by the French 
Academy in 1860 and 1867. The first 
hundred pages of the first volume are 
entirely given over to a representation of 
-Delaunay’s analytical expression of his 
“disturbing function” (essentially the 
departure of the gravitational potential of 
the Moon from simple Newtonian calcu- 
lations of the potential due to the Earth). 
This seems to have represented literally a 
lifetime’s algebra — Delaunay carried 
through his calculations to the seventh 
order in small quantities. Now, the same 


calculation can be run on a computer in a 
few tens of seconds, and to a higher order 
of approximation. Delaunay’s descen- 
dants need not be ashamed that the first 
computer programs showed that his 
algebra had not been immaculate. 

Similar analytical solutions of more 
intricate (and previously intractable) 
problems in celestial mechanics are now 
matters of routine — for example, the 
movement of putative Earth satellites 
about the Lagrangian points at which the 
gravitational forces of the Earth, Sun and 
Moon cancel out. The practical importance 
of these developments is considerable, if 
only because the error of an analytical 
approximation is more easily assessed than 
that of a numerical approximation. 


General relativity 


Curiously, as it may seem, one of the other 
well tried (and much used) applications of 
computer algebra is in general relativity the 
problem is this. Einstein’s general theory of 
relativity is general in the sense that it is 
possible to derive the gravitational field 
equations, typified, for example, by the gravi- 
tational forces on a test particle itself 
of negligible mass from an analytical 
expression for the metric of space-time. 
The simplest possible form of the metric is 

d? =de + dy? + d? - e? 
where cis the velocity of light, x, yand zare 
cartesian coordinates and ¢ is time. 
Substituting this metric into Einstein’s 
general theory merely recaptures the 
kinematic aspects of special relativity, as of 
course it should. 

More generally, the metric of space-time 
is written 

d? = G, dx dx’ 
where the indices pand v run from | to 4, x 
is one of the four coordinates of space-time 
and the quantities G,, are, in general, 
functions of these coordinates. The 
underlying convention adopted by the 
relativists is that indices which occur twice 
represent summations — in other words, 
the general metric consists of 16 terms of 
which the first is 
G,, dx'dx! = G (dx! } 

Regarded as a general theory, the General 
Theory is intractable. The field equations, 
the differential equations which predict 
how particles should behave, are nonlinear 
and therefore soluble only with special 
assumptions. So the standard way of 
tackling problems in general relativity 
consists either of guessing that a metric 
might illustrate some particular property of 
a gravitating universe, and to calculate 
from that the field equations, or alter- 
natively to look for approximate solutions 
of the field equations, valid in some narrow 
regions of space and time. In either case, 
the hapless relativist finds it necessary to 
calculate what are called the Christoffel 
symbols of which in general there are 64, 
each of them a combination of three first 
partial derivatives of the functions which 
define the metric. That, however, is only a 
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beginning. The next step is to calculate the 

Rieman—Christoffel tensor, which is in 

general a tensor with 256 distinct compon-. 
ents, each of which is a linear combination 

of partial differential coefficients of the 

Christoffel symbols. 

The sheer algebraic complexity (and 
tedium) of these calculations explains why 
only a few relatively simple metrics have 
been used in general relativity. Even the 
simplest of the more general metrics, the 
general case of an orthogonal metric 
ds = Dd F ~ A(dx Y 

- Bidx*y? ~ Cidey 
in which the symbols D, A, B and C stand 
for functions of the four coordinates x! etc. 
presents formidable problems of 
computation. Herbert Dingle in 1933 
published a list of the Christoffel symbols 
(Proc. natn. Acad. Sci. U.S.A. 19, 559; 
1933) which represented the fruit of several 
years work and which remains a standard 
reference list. The likelihood that such 
calculations would now be attempted with 
more general metrics is exceedingly small, 
which is why computer programs for 
making these calculations are widely used. 

Probably the most widely used set of 
computer programs with applications in 
theoretical physics is, however, that called 
SCHOONSCHIP, developed in the late 
1960s at CERN in Geneva as a means of 
calculating physical quantities in quantum 
electrodynamics. Briefly, such problems 
invariably create the need to calculate the 
trace (the sum of the diagonal elements) of 
a four-dimensional matrix which is itself 
the sum of what may be a large number of 
four-dimensional matrices obtained by 
multiplying together the so-called Dirac 
matrices. Although the elements of the 
Dirac matrices are simple (either 0 or 1), the 
algebraic task of computing by hand the 
product of say eight of them is enormous, 
and the chance of making a mistake is very 
great. (In practice, the multiplication of 
Dirac matrices goes hand in hand with the 
evaluation of four-dimensional integrals, 
now also computerized.) In some 
applications, as for example in the 
application of similar techniques to unified 
field theories or quantum gravity, many 
vital calculations have not been carried out 
simply because of the complexity of the 
task. Inevitably, with the passage of time, 
programs such as SCHOONSCHIP have 
therefore become widely used. 


Versatility 


These three applications in theoretical 
physics of computer programs are tangible 
and valuable. But if the object of 
computerizing algebra is to provide 
theoretical physicists with what Professor 
Joel Moses has called an algebraic assis- 
tant, surely computer systems should be 
more versatile. This consideration under- 
lies the attempts which have been made 
since the late 1960s to develop general- 
purpose algebraic computer programs, the 
best known of which is called MACSYMA 
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and lives in a PDP-10 computer at the 
Massachusetts Institute of Technology 
(MIT). A similar computer system called 
REDUCE was developed during the same 
period at the University of Utah. 

In principle, these programs are 
designed to deal with whatever algebraic 
problems may be thrown at them. In their 
development, handling polynomial algebra 
and matrix multiplication was relatively 
straightforward. The problem of inte- 
gration, requiring that the program should 
make decisions about the most appropriate 
way of solving a problem, was necessarily 
more difficult, Even differentiation creates 
problems when irrational functions are 
involved. Now, however, MACSY MA has 
more than a thousand users, many of 
whom make use of it by means of inter- 
national communications systems such as 
the ARPA network. Versions of the 
program are soon to be made available ina 
dialect of the computer language LISP, 
when MACSYMA is likely to be as easily 
available as its competitor, REDUCE. 


Data stores 


Inevitably, with such ambitious pro- 
grams, the storage capacity required is very 
large. For practical purposes, the program 
has to be provided with a comprehensive 
knowledge of mathematics. Professor 
Moses estimates that MACSYMA at 
present uses a million 32-bit words of 
storage capacity but users may be able to 
get by with less if they make do without 
some of the more general functions. 

Storage capacity appears to be a 
recurring problem in computer algebra, 
not merely for comprehensive systems such 
as MACSYMA and REDUCE, but also for 
more straightforward algebraic programs. 
The reason is easily understood. If the 
objective, for example, is to compute the 
polynomial expression (a + bx)", it is clear 
that the result must be a polynomial of 
degree n with n + l distinct coefficients. 
But the number of terms that arise by 
multiplying together one of the two 
elements in each of the n factors is 2”. If n 
were anything like as large as, say, 100, it 
would be physically impossible to store the 
terms separately in the computer. In 
practice, of course, this particular 
computation is straightforward. But the 
problem of storage does compel the 
designers of algebraic programs constantly 
to be on the lookout for algorithms that 
make economies. For the simple binomial 
expansion above, for example, it plainly 
makes sense that the factors should be 
multiplied together consecutively. 
Nevertheless, program designers have 
found it necessary to provide overspill 
storage in case a problem should have need 
of it, often by means of buffer storage on 
magnetic tape which has then to be 
searched regularly and reincorporated in 
the accessible memory of the computer if 
the program so decides. 

Users of both comprehensive programs 
such as MACSYMA and more specialized 
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Plenty of programs 


Altogether there are probably more 
than 50 computer algebra systems now 
available. The following are the best 
known or most widely used. 
© MACSYMA. Developed since 1968 at 
the Mathlab at the Massachusetts 
Institute of Technology by Professor Joel 
Moses and his colleagues. The objective 
has been a comprehensive system, 
capable of solving all algebraic problems. 
Development continues. Hitherto the 
system has been accessible only at MIT 
but the program is soon to be made 
available to outside purchasers. It is 
slower in specialized applications than 
purpose-designed computer programs. 

@® REDUCE. Largely developed by 
Professor A.C. Hearn, originally at 
Stanford University and then at the 
University of Utah. (Hearn is now at the 
Rand Corporation, Santa Monica.) The 
objective is a comprehensive system. 
Development has been dependent on 
collaboration and, collaborators say, has 
profited therefrom. The program is 
usable on a variety of machines (although 
some would-be users have found that 
adaptation is difficult). The system is still 
being defined and made more com- 
prehensive. Users say that newly available 
programs are much more sophisticated 
than earlier versions. 

e SCHOONSCHIP. Developed by 
Veltman at CERN in 1972 with the 
objective of solving problems in quantum 


systems such as SCHOONSCHIP testify to 
the complementarity of the two kinds of 
systems. The comprehensive systems are 
inevitably slower than the specialized 
systems and also less convenient to use in 
practice. On the other hand, access to the 
comprehensive systems can be of great 
value in the amendment of an existing 
program. Users also say that there are 
pitfalls to be avoided when programs such 
as REDUCE are purchased on magnetic 
tape and used with computing machinery 
different from that on which they were 
originally developed, which is part of 
MIT’s justification for not hitherto 
making MACSYMA widely available. 
Curiously enough, although the 
algebraic computer programs are in general 
demanding of computer storage, they are 
relatively undemanding of programming 
time. MACSYMA, largely the product of 
people working at MIT since 1968, is 
estimated to have taken between 50 and 100 
man-years of programming effort. Other 
systems designed for specialized purposes 
can be relatively simple to design and write. 
One practitioner, for example, says that 
the time required to write a program for 
simple polynomial algebra is not much 
more than a quarter of an hour. No doubt 
the relatively undemanding nature of some 
of the programming required reflects the 
character of the problems to which 


electrodynamics. Within its range of 
applications the system is fast and its 
demands on computer storage modest. 
The program is easily usable on large 
CDC computers but less easily on 
machines of smaller word length. 

@ CAMAL. The system developed at the 
University of Cambridge in the 1960s for 
solving problems in celestial mechanics. 
Fast for what it does and modest in 
demands on storage. Still widely used but 
now losing ground to more sophisticated 
systems, for example that developed by 
the Boeing Space Sciences Division. 

èe MUMATH. Developed by 
Stoutemyer at the University of Hawaii 
and intended for use with micro- 
processors. Suggested uses include teach- 
ing but also an application to small re- 
search problems, and in particular for 
system design. 

Most computer manufacturers have 
algebraic programs as do the Bell 
Telephone Laboratories. 

Such coordination as there is of 
academic interest in algebraic computing 
is undertaken in the United States by 
SIGSAM, a special interest group of the 
Association for Computing Machinery, 
which organizes meetings (the next at 
Snowbird, Utah in August this year) and 
which also publishes a quarterly bulletin. 
In Europe, coordination is through the 
Symbolic Mathematics Committee, 
organized by J.A. van Hulzen (T. 
Hogeschool Twente, Enschede, The 
(Netherlands). "E 


computer algebra has so far been applied 
— their intrinsic tedium. And, of course, 
nobody pretends that writing programs to 
carry out integration, to solve differential 
equations or to tackle problems in 
mathematics such as the enumeration of 
finite groups can be solved in a 
straightforward way. 

What the future holds for the 
applications of computer algebra remains 
to be seen. Already, however, some of the 
practitioners hold that the availability of 
these techniques provides a means by 
which shortages of mathematics teachers, 
even at the school level, might be remedied. 
Indeed, the University of Hawaii has 
developed a computer algebra program 
(commercially available) that can be run on 
home computers, while there are ambitions 
to use MACSYMA in the education of 
undergraduates. 

What educationists will have to say 
about this prospect is unclear. The hand 
calculator, once considered a threat by 
elementary school teachers, seems now to 
have been recognized as a stimulator of 
interest. It is harder to see how more formal 
computer programs will be used in teaching 
algebra, and it is widely thought that too 
indiscriminate use of computers for 
algebraic computations in research may 
blind users to the physical significance of 
what they are doing. x 
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Human cancer risks are inversely correlated with (a) blood retinol and (b) dietary B-carotene. Although retinol in the 
blood might well be truly protective, this would be of little immediate value without discovery of the important external 
determinants of blood retinol which (in developed countries) do not include dietary retinol or B-carotene. If dietary 
B-carotene is truly protective—which could be tested by controlled trials—there are a number of theoretical mechanisms 
whereby it might act, some of which do not directly involve its ‘provitamin A’ activity. 


eemi ra r pepe et eo 


THE possibility of discovering anticancer substances that can be 
prescribed rather than carcinogens that must be proscribed is 
attractive, for people may be more willing to accept prescription 
than proscription. If inhibitors of the late ‘stages’ of neoplastic 
transformation could be found, they would have the added 
advantage of conferring their benefits without an impracticably 
long latent period, Since there is growing evidence that retinoids 
and perhaps also carotenoids can be anti-carcinogenic, we 
review the intake and metabolism of ‘preformed vitamin A’ 
(retinal and retinol and its esters) and of the carotenoids (some 
of which exhibit ‘provitamin A’ activity), and we review the 
epidemiological evidence correlating blood levels or dietary 
intake of one or other of these with low cancer risks. Two 
independent questions will be considered. 

First, within the range of variation of total blood retinol levels 
consistent with the avoidance of hyper- and hypo-vitaminosis A, 
is there any material variation in human cancer risks attributable 
to a protective effect either of unbound retino! or of carrier- 
bound retinol in the blood, and, if so, what are the important 
extrinsic determinants of the concentration of carrier-bound 
retinol in human blood? (Paradoxically, within the wide range of 
dietary intake rates consistent with avoidance of both hyper- 
and hypo-vitaminosis A, the amount of retinol derived directly 
or indirectly from the diet makes no material difference to the 
blood levels of carrier-bound retinol.) 

Second, within the range of blood levels of B-carotene (or 
some other carotenoids) which are insufficient to cause 
cosmetically unacceptable skin yellowing, is there any material 
variation in human cancer risks attributable to a protective effect 
of circulating carotenoids, and, if so, what are the important 


extrinsic determinants of the concentration of B -carotene and ` 


other carotenoids in human blood? (In contrast with blood 
retinol, blood carotenoid levels are directly determined by 
dietary carotenoid levels, although they may also be affected by 
certain chronic disease states.) 

The evidence relating to the above two questions will be 
reviewed under three headings: 
(1) The qualitative difference between the pharmacodynamics 
of B-carotene and of retinol’? in the human body: which 


Caution 


suggests that the possible relevance of these two components of 
‘dietary vitamin A’ to cancer prevention should be assessed 
separately, 

(2) The inhibition by retinol and various synthetic retinoids of 
the later, rather than the earlier, processes of carcinogenesis in 
experimental studies with animals and cultured cells: which 
suggests that if such agents have any substantial anticancer 
effects on humans, a reduction in risk should be measurable 
within about 5 years, instead of after a latent period of some 
decades, as might be expected for inhibitors of the ‘early’ 
processes of carcinogenesis. 

(3) The tendency, observed in many epidemiological studies, 
for some human cancer risks to be inversely associated with 
blood retinol, and with blood or dietary B-carotene. 


Pharmacodynamics 


‘Vitamin A’ is a nonspecific term embracing two different 
families of dietary factors, one family comprising the various 
types of ‘preformed vitamin A’ (chiefly retinyl esters, but also 
retinol and retinal), and the other family comprising the various 
types of ‘provitamin A’ (chiefly B -carotene, but also those other 
carotenoids that can be metabolic precursors of retinol). If 
retinal (the aldehyde C,,H2,O) is written X =O, then retinol, 
the corresponding alcohol, is H-X-OH, and £ -carotene is the 
polyunsaturated hydrocarbon X = X, which may be oxidized by 
the enzyme dioxygenase to two molecules of retinal, chiefly in 
the intestine but perhaps also in the liver’. 

The various types of preformed vitamin A are converted 
efficiently by the human body into retinol, and a variable 
fraction of dietary B-carotene is converted in the human 
intestine into retinal. Nutritionists estimate? that even among 
poorly nourished people 8 -carotene usually yields only about 
one-sixth of its weight of retinol; furthermore, the fraction 
converted decreases as the amount of B-carotene in the diet 
increases so that even massive doses of 8 -carotene will not yield 
enough intestine-derived retinol to cause systemic toxicity 
(‘hypervitaminosis A’), unless massive amounts of preformed 
vitamin A are also taken. Despite this inefficient intestinal 
conversion of 8-carotene, and the even less efficient intestinal 


Unwary readers (if such there are) should not take the accompanying article as a sign that the consumption of large quantities of 
carrots (or other major dietary sources of 8-carotene) is necessarily protective against cancer, and the correlation between 
blood retinol and cancer avoidance is, for the time being, sub judice—Editor, Nature. 
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Table 1 Prospective studies of cancer in relation to total blood retinol 
in stored blood samples taken from apparently healthy people 


Relative risks 


(in sequence from low to No. of cancers 


Country high blood retinol quintile) (all sites) 
Georgia, USA”? 5,3: 2.9: 3.8: 3.0: 1* 85 
United Kingdom??? 2.2: 1.7: 1.6: Li: 1 86 





* Top quintile based on only seven cancers, and so unreliable. 


conversion of most other carotenoids, many people in rich 
countries and most people in poor countries derive the majority 
of their retinol from the provitamin A carotenoids in plants. 
However, some of the dietary 8 -carotene and other carotenoids 
is absorbed unchanged from the intestine, circulates around the 
body, and, being fat-soluble, is stored in adipose tissue. Various 
factors then affect its metabolism and excretion (for example, 
diabetes*, thyroid disease* and, paradoxically, anorexia 
nervosa*’ will elevate blood 8 -carotene levels), but other things 
being equal blood and adipose tissue levels of 8 -carotene and 
other carotenoids are directly related to the amounts ingested 
over the preceding few weeks*. Normally, a daily average of only 
a few milligrammes of B-carotene is consumed. This makes 
human fat appear yellow but is not sufficient to cause noticeable 
yellowing of the skin. However, if a few dozen milligrammes of 
B-carotene per day are consumed for several weeks by 
Caucasians, ‘hypercarotenaemia’ may develop, that is, skin 
yellowing may become cosmetically noticeable. No medically 
significant side effects of hypercarotenaemia are known”, and 
the condition disappears within a few weeks of reversion to a 
normal diet. 

The mechanisms for storing, transporting and excreting 
retinol are more specific than those thus far discovered for 
B-carotene. Intestine-derived retinol enters the blood as 
‘unbound’ retinol, esterified but not bound to the specific carrier 
protein for retinol (see below). Unbound retinol is rapidly 
absorbed from the blood by the liver, where it is stored. To 
transport controlled amounts of retinol from the liver to the 
peripheral tissues where it is needed, the liver synthesizes a 
carrier protein called retinol binding protein (RBP) at a rate 
which, unless the liver’s stores of retinol are almost completely 
depleted, is not strongly dependent on the amount of retinol 
currently stored in the liver. (The total rate of loss of retinol from 
the liver is, however, directly dependent on the total amount 
stored in the liver'’'', so other, presumably degradative, path- 
ways must also exist, and will provide some homeostatic control 
against unlimited accumulation of retinol in the liver.) 

RBP molecules can leave the liver as soon as they have picked 
up a retinol molecule from the liver stores; but if the liver stores 
are severely depleted RBP builds up in the liver, waiting for 
some unbound retinol to be derived from the intestine. This 
RBP build-up is characteristic of hypovitaminosis A, that is, 
vitamin A deficiency. At the opposite extreme, if due to regular 
heavy intake of preformed vitamin A the rate of derivation of 
unbound retinol from the intestine consistently exceeds the 
maximum possible rate at which the liver can get rid of retinol 
(both by steady carrier-bound release and by concentration- 
dependent degradation), the liver’s retinol storage capacity will 
eventually be exceeded, damaging the liver and allowing 
significant amounts of unbound retinol (not bound to RBP) to 
circulate. This may lead to serious symptoms of hypervitamino- 
sis A, since unbound retinol should never circulate in significant 
quantities except in brief transit from the intestine to the liver. 
However, most of the population of developed countries has a 
diet-derived intake of retinol within the wide range which avoids 
the well-defined physiological conditions of hypovitaminosis A 
(unbound RBP in the liver) and hypervitaminosis A (unbound 
retinol in the blood). Within this wide range, blood levels of 
carrier-bound retinol (retinol bound to RBP) are not materially 
dependent on the amount of free retinol derived from the 
intestine. For example, among Swedish acne patients an 





increase of the normal dietary dose of retinol by a few thousand 
per cent for a few weeks increased carrier-bound retinol by only 
about 10% (ref. 12). Likewise, in New York, liver retinol levels, 
which are directly related to dietary intake rates, are uncor- 
related with blood retinol levels’’. 

However, blood levels of carrier-bound retinol do have 

extrinsic determinants. For example, oral contraceptive users 
have substantially elevated blood retinol levels'*'*, and there 
are presumably also various other hormonal or non-hormonal 
determinants of the consistent differences between people in 
their long-term average carrier-bound retinol levels (including’® 
diseases of the liver, thyroid and kidney), although none seem to 
be well understood. The key finding for this whole review is that 
for most people in developed countries the amount of intestine- 
derived retinol is not one of the important determinants of the 
blood levels of carrier-bound retinol (or of total retinol, since 
free retinol is usually present in the blood only at much lower 
concentrations than carrier-bound retinol is). 
Possible short latency of antitumour effects of retinoids and 
related compounds: The ICRDB”’ have compiled summaries of 
some 324 cancer research papers concerned with retinol, other 
retinoids, B-carotene or other carotenoids, and the October 
1979 issue of Federation Proceedings contains several further 
relevant papers. Together, these show that various retinoids can 
reversibly suppress the malignant behaviour of cultured cells 
that have been transformed by viruses, chemicals or ionizing 
radiation; they can delay or prevent the onset of cancer in 
experimental animals that have been treated previously with 
DNA-binding carcinogens; they can cause human skin kera- 
toses or oral leukoplakias to regress; they can delay the 
appearance of transplanted tumours, they can prevent ‘tumour 
promoters’ from eliciting papillomas on mouse skin; and they 
can inhibit some of the very specific biochemical effects of 
tumour promoters on cells in vivo or in culture. Although 
inappropriate use of retinoids may do more harm than good”, it 
thus seems reasonable to hope that exposure of human tissues to 
retinoid-like activity can be manipulated to reduce cancer 
risks'”, 

Neoplastic transformation can often be subdivided into 
‘stages’, the early stage(s) involving only partial alteration of a 
normal cell and the later stage(s) involving conversion of a 
partially altered cell into a fully neoplastic cell. Finally, to be 
effective the neoplastic cell must not be eliminated, and must 
proliferate into a pathological tumour. Early- and late-stage 
changes are both necessary (so halving either might be an 
equally effective way of halving cancer risks), but typically have 
different causes*’*", The demonstrated protective effects of 
retinol (and, perhaps, B -carotene) are such as to suggest that it is 
the later stages of neoplastic progression which are chiefly 
affected, together perhaps with the final process of tumour 
growth. There might often be a latent period of a few decades 
before a doubling or halving of the early processes had any 
material effect on human cancer risks, but, to judge by the 
rapidity with which the effects of stopping smoking are evident, a 
doubling or halving of the late processes might have noticeable 
effects on human cancer risks within about 5 years, while effects 
on the final process (proliferation) might be even more rapidly 
evident. So, human cancer risks might be noticeably influenced 
by the average levels of blood retinol within a period of as little 
as 5 or 10 years. This conclusion greatly facilitates observational 
epidemiology and may even make practicable a randomized 
human evaluation of the anticancer effects of such agents (or of 
any other agents which inhibit either the late or the final 
processes). 

By contrast with the retinoids, the question of whether dietary 
B -carotene or some other carotenoids can affect cancer risks has 
not received nearly as much experimental attention. Possible 
mechanisms to consider include (1) a direct retinoid-like effect 
of some carotenoid(s) on cellular differentiation in the target 
tissues, (2) conversion in the target tissue of some carotenoid(s) 
into molecules with some such retinoid-like effects, or (3) pro- 
tection by carotenoids of the target tissues via mechanisms not 
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related to control of cellular differentiation (for example, by 
enhancing some immunological function***’, or by quenching 
singlet oxygen, a highly reactive excited molecular species which 
may be generated as a toxic by-product of many normal 
metabolic processes in both animals and plants: indeed, B - 
carotene is the most efficient quencher of singlet oxygen thus far 
discovered”, and in plants the chief function of carotenoids may 
be to quench the singlet oxygen produced by photosynthesis”*). 
Before possible mechanisms are discussed, however, it must be 
asked whether any carotenoids have any general anticancer 
effects whatever. 

We know of only nine experiments on the modifying effects of 
systemic B-carotene*’** or of carrot extracts?’ on induced 
tumours. In each experiment a protective effect was claimed, but 
lack of published details of the exact experimental circum- 
stances makes some of these claims difficult to evaluate. If the 
reported** protective effects of dietary B-carotene against 
tumour induction by transplanted cells or viruses are confirmed, 
this may merely reflect the reported**** enhancement of certain 
immune parameters by dietary B-carotene, the relevance of 
which to human cancer remains uncertain. 

If the reported protective effects of systemic ß -carotene 
against chemically induced skin cancers*’’*’ are confirmed (and 
are not trivially attributable to physical changes in the skin) this 
would be of more interest than protection by systemic B- 
carotene against skin cancer induction by UV light*®**’, for the 
latter may at least in part reflect a photoprotective rather than an 
anticancer effect. Further studies in all these areas will be 
needed before any general protective effects of 8 -carotene in 
experimental animals can be accepted. (No excess of tumours 
was reported in the chronic toxicity test of B-carotene*’, but 
details were not provided.) 


Epidemiology 

The foregoing laboratory evidence has been introduced not 
because it proves that 8 -carotene will have an anticancer effect, 
but chiefly as background material to aid interpretation of the 
epidemiological observation that people with above average 
blood retinol levels or above average 8 -carotene intake rates 
are at below average risk of cancer. Although the available 
epidemiological data (see below) indicate that both factors are 
associated with low cancer risk, this does not constitute over- 
whelming evidence for any real protective effect, for the 
differences are not great. A moderate relative risk (for example, 
a twofold difference in cancer risk between the bottom third and 
the top third of some population with respect to carrier-bound 
retinol in the blood or B-carotene in the diet) might reflect a 





Table 2 Case/control studies of blood retinol or 6 -carotene 





Mean values 


(mg1~') No. and site(s) 
Country cases controls Substance of cancers 
India’? 0.31 0.48 Retinol 555 oral 
India®? 0.68 0.85 B-carotene 555 oral 
Pakistan** 0.22 0.40 Retinol 203 oral 
Pakistan’? 0.40 0.62 ßB-carotene 203 oral 
East Africa?" nas ~* B-carotene 17 naso- 
pharyngeal 
United Kingdom’ 0.55 0.59 Retinol 35, many sites 
United Kingdom? 0.83 0.92 g-carotene 35, many sites 
United Kingdom?” 0.46 0.66 Retinol 28 lung 
United Kingdom??? 0.47 0.60 Retinol 26 lung 
United Kingdom?* 1.05 1.26 B-carotene 26 lung 
United Kingdom*? 0.84 1.34 ‘Vitamin A’t 245, many sites 
United States*® 0.25 0.48 Retinol 51 gastro- 
E intestinal 
United States*® 1.4 2.0 B-carotene 51 gastro- 
intestinal 





* ‘Carotene significantly lower’ (in cases than in controls), but quan- 
titative information not provided. 
+ Analytical methods not specified. 


truly protective effect, but it might arise indirectly merely 
because carrier-bound retinol levels are correlated with some 
other factor that is a real determinant of cancer risk. Even more 
plausibly, perhaps people who like to eat a lot of vegetables get 
both B -carotene and some truly protective factor from them, or 
tend to avoid some real cause of cancer in meat or other 
foodstuffs of which they consume less. These difficulties of 
interpretation can be reduced by seeking epidemiological evi- 
dence for a protective effect in many different studies in different 
types of population but, even if there is a medically significant 
but numerically moderate protective effect of dietary B -caro- 
tene, and even if these epidemiological studies nearly all esti- 
mate it reasonably accurately, we may still not be sure that they 
have done so unless the effect can be reproduced experimentally 
in randomly controlled prospective intervention studies among 
humans. 


Blood retinol and cancer avoidance 


The differences between total retinol and carrier-bound retinol 
concentrations in human blood are often smaller than the 
random error of measurement in blood retinol estimation, and 
so we shall not distinguish carefully between them in some of 
what follows. 

In general, because of the wide range of blood levels of retinol 

in countries where vitamin A deficiency is common, any true 
protective effect may show up most strikingly in malnourished 
populations. However, the relevance of carrier-bound retinol 
and of 8 -carotene can be assessed independently only in well- 
nourished populations where variation in £ -carotene intake has 
little effect on carrier-bound retinol levels and so the blood 
levels of the two factors are largely uncorrelated. 
Prospective serum studies: Retinol can be reasonably stable in 
stored blood samples, and two studies*'*’ have analysed the 
total retinol levels in stored samples of blood taken some years 
previously for unrelated research purposes from American and 
British people who were apparently free of cancer at that time. 
In both studies, people with total blood retinol levels near the 
top of the normal range were at significantly lower risk of 
developing cancer over the subsequent few years than those with 
levels near the bottom of the normal range (Table 1). But, 
although the apparent protective effects are statistically 
significant, so few cancers were observed that there is substantial 
statistical uncertainty in the magnitude of the effect. (Anyone 
who has been sitting for a few years on a few thousand blood 
samples might consider matching them up with the local cancer 
registry or with official death statistics, as long as it is still 
possible to measure the retinol and, ideally, the RBP and 
B -carotene in them.) 

Against this, one preliminary observation which, if confirmed, 
suggests that retinol is not importantly protective relates to oral 
contraceptive (OC) use. OC users have substantially elevated 
levels of blood retinol'*’’, but the aggregated evidence from 
three studies of OC use in relation to the onset of various 
diseases, including all cancers, does not suggest that any material 
reduction in cancer risk is associated with 5-9 or even 10-14 
years of continuous use of OCs. Tumours of the breast, endo- 
crine, reproductive and genital organs are excluded (as these are 
likely to be directly dependent on hormonal factors or on sexual 
activity) and smoking habits are standardized for (since OC 
users tend to smoke more than non-users). A non-significant 
deficit of remaining tumour onsets among OC users in the 
Oxford (M. P. Vessey, personal communication and ref. 82) and 
Royal College of General Practitioners (C. R. Kay, personal 
communication and ref. 83) studies of a total of 60,000 women is 
counterbalanced by an apparent excess of skin cancer onsets 
among OC users in the American Nurses Health Study of 
120,000 women (F. E. Speizer, personal communication; 
unfortunately, these American data could not be corrected for 
any hypothetical biases due to a correlation of sunbathing with 
OC use). Lack of any protective effect among long-term OC 
users would be quite strong evidence that blood retinol is not 
importantly protective, unless the rise in blood retinol among 
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OC users is somehow due to a decrease in the ease with which 
peripheral cells can utilize retinol (or is in some other way 
compensatory), 

Further large prospective studies of blood retinol are still 

needed. If they confirm the inverse association with cancer risks 
then identification of various intrinsic or extrinsic determinants 
of blood retinol will be necessary before it can be decided 
whether retinol per se is protective. Ideally, one might manipu- 
late the determinants of blood retinol in a large randomized trial 
of cancer prevention, but as this may be impracticable (depend- 
ing on the nature of these determinants) even uncontrolled 
observation, as in the above three studies of OC users, may 
provide useful clues. 
Retrospective serum studies: Comparison of the total blood 
retinol levels of recently diagnosed cancer patients with the total 
blood retinol levels of control patients is easier and quicker than 
a prospective cohort study. Of the nine studies in India’’, 
Pakistan“, East Africa’, Britain*®°’, or the United States*°*', 
the eight which had at least a small control group***® all 
reported lower total retinol levels in cases than in controls 
(Table 2: all but one*® of these eight are significant). 

It may be relevant to the succeeding section to note that blood 
levels of B-carotene were also measured in some of these 
case /control studies. Among Indian, Pakistani and East African 
cases blood B -carotene levels were significantly lower than in 
controls. Unfortunately, 8 -carotene was measured in only three 
of the Western studies??? in each of which it was also some- 
what lower in cases than in controls, even though no particular 
correlation between blood retinol and blood 8 -carotene levels 
need exist in developed countries. 

The evidence provided by these eight case/control studies for 
either inverse association existing is not reliable, however, for in 
some studies there is no guarantee that the controls were 
appropriate and in all the studies the results might have been 
biased by a (hypothetical) ‘nuisance effect’ of depression of 
B-carotene or carrier-bound retinol by large, established 
cancers. There is still a need for large case/control studies in 
both developed and malnourished countries of carrier-bound 
retinol (and £ -carotene) levels in people with small tumours that 
are unlikely to have had any material effect on diet or general 
metabolism (or in people who have been cured of malignant 
tumours some time previously with no obvious permanent 
damage to their digestive system or metabolism). 


Dietary 6 -carotene and cancer avoidance 


Turning from the blood to the diet, and shifting our emphasis 
from retinoids to carotenoids, a variety of independent epi- 
demiological investigations have, in recent years, reported that 
cancer risks are inversely related to consumption of ‘vitamin A’. 
This term embraces both retinol and the provitamin A caro- 
tenoids; but the total amount of ‘vitamin A’ in human diets from 
fB-carotene (plus other carotenoids) often exceeds that from 
retinol. 

In many cultures one particular plant or group of plants 
accounts for the majority of the dietary 8B -carotene: for exam- 
ple, carrots in North America*’, yellow-green vegetables in 
Japan**, red palm oil in West Africa** and dark green leafy 
vegetables among Singapore Chinese**. Many epidemiological 
studies have investigated the relationship between 6 -carotene 
and cancer almost by accident, because dietary questionnaires 
designed for more general purposes happened to ask about the 
main local B -carotene source and it was realized only later that 
the lower cancer risks found among users of this particular 
foodstuff might be due to its B-carotene content. The cor- 
relation between the average 6-carotene intake rates of 
different individuals over the past few years and their intake as 
assessed by such questionnaires cannot be high. So, if the 
observed 1.5- or two-fold relative risks (RR) of cancer typically 
observed when comparing low and high B-carotene intake 
groups (as assessed by dietary questionnaires) are indeed due to 
the 8 -carotene intake, the relative risk comparing true low with 
true high intake must presumably be somewhat more than 





twofold, and might in principle be substantially greater. The 
results of these studies (5 prospective and 15 retrospective) are 
summarized in Table 3, and discussed below. 

Prospective dietary questionnaires: All the Japanese in certain 
administrative areas were asked** to complete an extensive 
dietary questionnaire in 1965, and 265,118 did so. Over the next 
decade 807 died of lung cancer, yielding an age/sex/smoking- 
standardized relative risk of 1.4 (P <0.01) for those who ate 
vegetables containing more than 1,000 IU of 8-carotene per 
100 g ‘less than daily’ with those who ate them ‘daily’. Significant 
negative associations with daily use of these vegetables were also 
reported for stomach and prostate cancer, but the findings for 
other cancers were not reported. These yellow-green vegetables 
account for more than half of the B-carotene in the Japanese 
diet. 

8,278 Norwegian men who had replied to postal question- 
naires about both smoking (in 1964) and diet (in 1967) were 
followed for 5 years**. A ‘vitamin A index’ (chiefly, in fact, a 
ß -carotene index, since it included carrots and green vegetables 
but not liver or vitamin pills) was devised, low values of which 
were predictive of lung cancer incidence (RR = 3 for people in 
the bottom third of the population with respect to the ‘vitamin A 
index’ compared with people of similar age, sex and smoking 
habits in the top two-thirds; P = 0.01, but based on only 36 
cases). A total of some 40,000 people completed the same 
questionnaire in 1966-67 in Norway or Minnesota”, and the 
10-year follow-up of these is being analysed, with apparently 
promising results (E. Bjelke, personal communication). 

No other large prospective studies of either dietary B-caro- 
tene or preformed vitamin A have been published. It would be 
helpful if anyone who can link dietary questionnaires adminis- 
tered for any reason some years ago to subsequent cancer 
mortality (or, preferably, incidence) would do so, if they have 
reasonable estimates of consumption of at least the one or two 
main local B -carotene-containing plants plus at least 100,000 
person-years of follow-up. For example, in Finland the detailed 
dietary questionnaires administered by the Research Institute 
for Social Security during 1966-72 to a geographically defined 
sample of 20,000 adults could be linked to the few hundred 
subsequent cancer onsets. Likewise, the Japan—Hawaii cancer 
project has by now sufficient data to provide some useful 
prospective information, although in Hawaii, as in Japan**, one 
must interpret with particular caution correlations between any 
dietary habit and any cancer if both are subject to substantial 
trends, for artefacts will arise if the more modern members of 
society are more affected by both trends than are the more 
conservative members. Finally, dietary questionnaires have 
been administered to various large populations for research into 
cardiovascular disease, or for nutritional research, and these too 
might be exploitable. (Preliminary analyses of the 19-year 
follow-up of 2,000 people in Chicago who completed a 28-day 
dietary diary in 1959 indicate an inverse association of total 
cancer risk with 8-carotene intake but not with retinal intake: 
R. Shekelle, personal communication.) 

Retrospective dietary questionnaires: These involve asking 
people with cancer (‘cases’) and people without cancer 
(‘controls’) what vegetables, vitamin pills, etc. they normally ate 
in previous years, from which can be estimated** the relative risk 
of cancer in people with low, as opposed to high, B-carotene 
intake (or retinol intake—a nonsignificantly lower risk has been 
reported among users of vitamin A pills*?°°). One general 
difficulty is that feeling ill or knowing they have cancer may 
cause people to describe their past diet somewhat differently 
from how they would have described it if they had been healthy 
controls. If this bias is not substantial, the enormous advantage 
of the retrospective method is that it is quick (you do not have to 
wait for 10 years to see who develops the disease) and much less 
work (one questionnaire per case plus one per control), which 
allows more patients with cancer to be studied with 
consequently less random error in the final relative risk estima- 
tion. Although simple statistical methods** exist for correcting 
for age, sex, smoking and any dietary confounding variables 
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before calculating a test for a trend in the relative risk of cancer 
with respect to B-carotene or retinol intake, unfortunately 
investigators have often failed to use them or have used them but 
have failed to test for a trend, on only 1 degree of freedom. 

At Roswell Park Memorial Institute in the United States, a 
few thousand cancer patients and a few thousand controls 
completed dietary questionnaires during 1957-62. Milk and 
some but not all other dietary sources of retinol were assessed, 
and carrots and some other major sources of B -carotene were 
assessed. A ‘vitamin A’ estimate was constructed for each 
person, which chiefly reflected provitamin A (6-carotene) 
intake, since on average five-eighths came from carrots (as 
8 -carotene) and some more came from other vegetable sources 
of B -carotene*’. Subjects were then classified as high, middle or 
low with respect to this estimate. When the 292 lung cancer 
patients were compared with selected controls’, the 
age/sex/smoking-standardized cancer risks relative to the high 
intake group were 1.0, 1.5 (middle) or 1.7 (low), and a test of the 
published data for an age/sex/smoking-standardized trend 


yields P < 0.001. An IARC case/control study of 233 Sin gapore » 


Chinese lung cancers** indicated a P <0.01 twofold protective 
effect of eating twice or more per week ‘dark green leafy 
vegetables’ (for example, kale), which are a major source of 
8 -carotene for these people, but a similar case/control study*° 


of 104 British lung cancers indicated no protective effect (RR = 


1.0) of dietary ‘vitamin A’. Returning to Roswell Park, the 569 
bladder*’, 122 oesophagus** and 421 larynx” cancer patients 
were compared with selected controls. In seven sub-groups of 
decreasing (largely pro-) vitamin A intake, the risks of bladder 
cancer relative to those of the highest intake group were 1.0, 1.2, 
1.4, 1.2, 1.7, 1.9 and 2.1, and a test of these published data for a 
trend again yields P<0.001. Among the 122 oesophageal 
cancer patients divided into three sub-groups by dietary g- 
carotene intake relative risks of 1.0, 1.6 and 1.9 were found 
(P = 0.03 for trend), while among the 421 male larynx cancer 
patients divided into four dietary sub-groups, relative risks of 
1.0, 2.1, 1.9 and 3.0 were found (P <0.005 for trend) after 
adjustment for age, tobacco and alcohol. (Similar adjustment of 
the data for 581 oral cancers is necessary before the twofold 
protective effect seen in an unadjusted analysis** can be inter- 
preted.) 

The Roswell Park questionnaires comprise the largest set of 
case/control data available anywhere, and it is to be hoped that a 
single analysis of all cancers separately and together in relation 
to all controls will eventually become available in which trends 
in relative risks with respect to fine subdivisions of B -carotene 
and perhaps of retinol intake will be tabulated and standardized 
for finer subdivisions of age and smoking than heretofore. 

There are also several studies relating gastrointestinal (GI) 
cancer risks to low vegetable intake rates but in all of these it is 
possible that vegetable components other than B -carotene (or 
dietary components other than the vegetables) account for the 
apparent protective effects in the GI tract. 

Case/control studies of GI cancer have been reported from 
Hawaii’®*°° and Israel*’**, but in neither case were analyses 
reported with respect to specific estimates of B-carotene or 
retinol intake. Recently, the Israeli data on 406 cases and 812 
controls have been re-analysed*’ with respect to an estimate of 
total dietary 6 -carotene for each case and for each control based 
on separate replies about more than 200 foodstuffs. There was 
no significant correlation between the risk of GI cancer and the 
estimated daily dietary carotene intake here (or in preliminary 
analyses of the Roswell Park data on GI cancers: S. Graham, 
personal communication). The only other study of GI cancer 


which has sought but not found any apparent protective effect 


whatever is the IARC case/control study of oesophageal cancer 
in French males®°, where the mean B-carotene (and retinol) 
intake was the same for the 200 cases as for the controls. By 
contrast, the IARC studies on oesophageal cancer in Iran®! 
indicate that the high-incidence areas were characterized by a 
diet extremely poor in green vegetables, and the main dietary 
finding in the subsequent IARC case/control studies within 


high-incidence villages of several dozen dietary variables was a 
systematic lack of fresh fruit and vegetables among the cases®, 
although specific estimates of B -carotene (and retinol) intake in 
cases and controls were not published. 

At other GI sites four separate case/control studies have been 
reported*’ each of which shows an age/sex-standardized rela- 
tive risk of cancer that was statistically significantly greater than 
unity in people whose ‘vegetable index’ was lower, as opposed to 
higher, than normal. (Note, however, that only two control 
series, one in Norway and one in the United States, were 
interviewed.) The findings in these studies were”: 


(a) Norway, 228 stomach cancers: RR = 1.7 
(b) United States, 83 stomach cancers: RR =1.5 
(c) Norway, 278 colorectal cancers: RR = 1.4 
(d) United States, 373 colorectal cancers: RR =1.4 


_In Liverpool, UK, a 1.6-fold relative risk of GI cancer (P < 
_ 0.01) was found if green vegetables were eaten less than weekly. 
- Among vegetarians”’, a nonsignificant twofold relative risk was 
_ likewise found for colorectal cancer in Seventh Day Adventists 


who eat green, leafy vegetables ‘less than’ compared with ‘at 
least’ weekly. In India, it is reported® that studies of vegetarian 
sects consistently reveal smaller GI cancer risks, but no 
supporting data or references are provided. (Studies relating 
p -carotene intake to cancer risks within vegetarian sects would 
be free of confounding by associations with meat consumption.) 
Finally, in case/control studies” in a total of 521 gastric cancer 
patients in four countries, a lower intake of fresh fruits and 
vegetables in cases than in controls is indicated in the discussion, 
but the control data are not given (nor is the percentage of the 
controls who themselves had some other form of cancer). 


Future research directions 


Laboratory research: Most epidemiologists are well aware that 
the human evidence thus far available (Tables 2, 3) falls short of 
proof that increasing the average 6 -carotene intake would be of 
any material benefit in rich countries (or even in poor ones). A 
fortiori, the foregoing epidemiological studies may fail to interest 
many laboratory research workers whose habit is to trust only 
striking differences in well-controlled experiments. However, 
the perfect may well be the enemy of the relevant, for the 
detailed understanding of mechanisms which is slowly emerging 
from laboratory investigations of a few particular chemical, viral 
or physical agents (for example, SV40, phorbol esters or 2- 
acetylaminofluorene) may be of little immediate value if few 
human cancers are in reality due to these particular agents. 
Although in the long term fundamental research into any area of 
cell biology may prove relevant to the prevention or treatment 
of cancer, progress towards important preventive measures may 
be more rapid if, in addition to fundamental research, laboratory 
workers take the inevitably inconclusive leads provided by 
epidemiologists reasonably seriously (and vice versa, of course), 
one ultimate aim of this collaboration being to specify a few 
promising hypotheses in sufficient detail to make practicable 
their randomized evaluation among several thousand 
apparently healthy people for 5 or 10 years. Several laboratory 
studies are now possible that would test the plausibility of the 
more obvious mechanisms whereby $-carotene might be 
beneficial. 

First, and most obvious, is to repeat the animal experiments in 
which important anticancer effects of B-carotene have been 
reported***’. Mechanistically, it would be interesting to dis- 
cover whether dietary (not topical) B-carotene, started some 
weeks after weak (not massive) initiation of animals with DNA- 
binding carcinogens, has any material inhibitory effects on the 
later stage(s) of carcinogenesis, especially in tissues where 
dietary 8 -carotene is known to accumulate®’ or to cause accu- 
mulation of retinol®’. 

Second, does 8 -carotene itself have any of the many direct 
effects on cultured cells or tissues that retinoids have? Such 
effects are relatively quick to obtain and easy to seek, although a 
variety of cell culture conditions and B-carotene vehicles may 
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Tabie 3 Questionnaire studies of cancer in relation to intake of some B-carotene-rich vegetable(s}, or of ‘vitamin A’. Note that “Vitamin A’ was 
estimated from a limited range of dietary components, chief among which in most of these studies has been the 8-carotene in certain vegetables 





Country Relative risks (lower: higher intake) 


Sd 
ZA 


Norway*° 
Norway”’ 
Norway*’ 
Minnesota, USA*’ 
Minnesota, USA*’ 
Buffalo, USA*! 
Buffalo, USA* 
Buffalo, USA*’ 
Buffalo, USA? 
Singapore*° 
United Kingdom”? 
Israel?” 

France 

United Kingdom“? 
US vegetarians” 
Iran®? 
Japan* 
Japan* 
Japan*? 
Japan** 
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No. of cancers Subdivision by 


36 lung ‘Vitamin A’ 
228 stomach Vegetables 
278 colorectal Vegetables 

83 stomach Vegetables 
373 colorectal Vegetables 
292 lung ‘Vitamin A’ 
569 bladder ‘Vitamin A’ 
122 oesophagus ‘Vitamin A’ 
421 larynx ‘Vitamin A’ 
233 lung Green vegetables 
104 lung ‘Vitamin A’ 
406 gastrointestinal B -carotene? 
200 oesophagus B -carotene 


Green vegetables 
Green vegetables 
Raw vegetables 


P gastrointestinal 
41 colon 
344 oesophagus 
611 male lung 
196 female lung 
63 prostate 
1823 stomach 


‘‘green/yellowt” vegetables 


Note: In addition, a US prospective study in 1948-54 reported an inverse association (risk ratios 2.2: 1.6: 1) with all-causes mortality®*, 


* Bottom quintile based on only seven cancers, and so unreliable. 


+ Relative risks estimated from simultaneous regression on both retinol and 8-carotene intake. 
t Defined as any which contained over 1,000 IU of carotene per 100 g. 


have to be studied. The weak effects already reported could be 
pursued. 

Third, although much of the enzymic oxidation of 8 -carotene 
to retinal takes place in the intestine, is there sufficient oxidation 
at other sites in humans to provide an appreciable source of 
localized retinol, or some other substance with retinoid-like 
activity? Dioxygenase, the enzyme which can oxidize B -caro- 
tene to retinal, has been demonstrated chiefly in the intestine, 
but it is also present in the liver and, to a lesser extent, the 
kidneys‘. In which human tissues can ß -carotene be converted 
into retinol? (When mice are treated with B -carotene deposits of 
it accumulate in many tissues, and deposits of retinol also 
accumulate in the lung and skin*’.) 

Fourth, 8-carotene is among the most efficient substances 
known for quenching the excitation energy of singlet oxy- 
gen***-°° and also for trapping certain organic free radicals”. It 
has been suggested that anticancer effects (albeit perhaps on 
only the ‘early’ stage(s) of carcinogenesis) may be produced by 
deactivation of these chemical ‘species’’ or by otherwise 
preventing the lipid peroxidation or other oxidative damage 
which they might cause’*~’*, This suggestion could, of course, be 
tested if people with a deficient ability to ‘quench’ singlet oxygen 
or to ‘trap’ certain types of free radical could be identified and 
their cancer onset rates monitored. If either chemical species is 
relevant, can realistic physiological concentrations of B-caro- 
tene, or any other carotenoids, effect any material reduction in 
the amounts of lipid peroxidation or other cellular damage 
caused by free radicals or by unquenched singlet oxygen, and is 
such oxidative damage importantly involved in carcinogenesis? 

Fifth, both in poor and in rich countries, what are the chief 
dietary and other determinants of the differences that now exist 
between the blood levels of carrier-bound retinol and of B- 
carotene in different people? To what extent, for example, do 
they depend on dietary B-carotene, intestine-derived retinol, 
other micronutrients, or hormonal status? Comparing poor 
countries with each other’®, there is a correlation between 
dietary (pro-) vitamin A and blood retinol; but, as one would 
expect, the relationship seems to reach a maximum and then 
flatten off. Both oral contraceptives and pregnancy strongly 
affect blood retinol levels'*'’; what of menarche, menopause 
and dietary or medicinal hormones? Finally, diseases of the 
kidney'®, thyroid®'* and pancreas* have been reported to cause 
increases or decreases in blood retinol or B-carotene; how do 





they do so, and which other diseases (especially of hormone- 
secreting tissues) do so? 

This list of laboratory questions could doubtless be extended. 
The general point is that the evidence linking B -carotene intake 
to cancer risk in man is already sufficiently consistent for 
laboratory workers to start to seek plausible explanations for it, 
bearing in mind the superficially paradoxical fact that dietary 
B -carotene may not affect serum retinol very much in developed 
countries. 

Observational epidemiology: There are some populations 
(notably in parts of West Africa and Brazil) within which 
ß -carotene intake varies enormously, due to the use of red palm 
oil. If B-carotene is really protective this wide variation should 
produce quite a striking variation in the relative risk of cancer, 
and so the Imperial Cancer Research Fund are supporting a 
case/control study (with J.D.B. and Dr. A. Kalache) in a part of 
Brazil where red palm oil is used by some, but not by all. Apart 
from this, and a general refining of questionnaires and statistical 
analyses to pick out the separate effects of B-carotene and 
retinol more specifically, we need more rigorous serum epi- 
demiology to investigate the predictive value of serum retinol 
and -carotene retrospectively or, preferably, prospectively. 
(Repeat measurements of retinol and B -carotene a year or more 
apart on a number of individuals to estimate within-person and 
between-person variability is a prerequisite for proper inter- 
pretation of such studies.) Future serum-based case/control 
studies are needed both in developed countries and in popu- 
lations where hypovitaminosis A is endemic, but these should be 
large and should exclude artefactual effects of established 
tumours on blood levels (via effects on recent appetite or on 
general metabolism), perhaps by restricting interest to pre- 
cancerous lesions, to small non-digestive organ tumours, or to 
small tumours which have been cured without much trauma a 
year or more previously. Better, however, would be truly pros- 
pective studies, either starting de novo or utilizing blood samples 
taken years ago for other purposes but stored in conditions that 
still allow estimation of retinol and, ideally, B-carotene. Also, 
the question of whether prolonged oral contraceptive use 
reduces cancer risks should be pursued, as this may help deter- 
mine whether any inverse association between blood retinol and 
cancer is due to a true protective effect of blood retinol, or 
merely to a secondary association (in which case, with what?). 
Likewise, any other extrinsic or intrinsic determinants of blood 
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retinol deserve epidemiological study. Finally, to help elucidate 
mechanisms, cancer onset rates might be monitored among 
small populations (if these can be found) with chronic metabolic 
defects which markedly elevate or depress blood levels of 
unbound retinol, carrier-bound retinol or B -carotene, or among 
people deficient in the B-carotene-oxidizing enzyme dioxy- 
genase, in some of the normal mechanisms for quenching singlet 
oxygen, or in the enzymes for recognizing or utilizing retinol in 
peripheral tissues. 

Intervention studies: In view of the general association pre- 
viously observed between low vegetable use and cancer risks, it 
must be assumed that future, perhaps more specific, obser- 
vational studies of serum B-carotene and retinol levels are in 
aggregate likely to continue to yield some inverse associaton 
with cancer risks, although the magnitude of the relative risk 
that will emerge cannot be predicted. If it is large then a clear 
need for randomized intervention studies will arise, but even if it 
is only moderate there will be no reliable way other than by 
randomized intervention to decide whether it reflects a cause- 
and-effect relationship. However, although analogy with the 
effects of giving up smoking suggests that inhibition of the late 
stages of human neoplastic progression should yield measurable 
effects within about 5 years, there may be little benefit apparent 
during the first 2 or 3 years of such a trial. Consequently, if 
randomized intervention trials are eventually to be undertaken 
then the sooner they are started the better, as long as they test 
ß-carotene (preferably at as high a daily dose as possible without 
significant skin yellowing) rather than retinol, in the hope of 
detecting either any benefits of intestine-derived retinol or any 
direct benefits from circulating or adipose tissue B -carotene. 

Testing 8 -carotene has the advantage of avoiding the risk of 
hypervitaminosis A arising among a few subjects who choose to 
overdose themselves’, for ‘as far as is known hypercarotenosis in 
all its forms is entirely harmless’? (and there is no evidence that 
the one man reputed to have died of carrot juice actually did 
so’’). Indeed, the joint FAO/WHO Expert Committee on Food 
Additives”? formally estimated the acceptable daily intake of 
B-carotene for a 70 kg adult to be 350 mg per day! Since the 
normal. range of human intake of this biologically active 
substance is only a few mg per day, this committee showed a 
remarkable faith in their ability to extrapolate from apparently 
complete safety in a few rats to safe levels in large human 
populations, but amounts of one or two hundred mg per day are 
regularly prescribed for the treatment of erythropoietic proto- 
porphyria without causing hypervitaminosis A, liver dysfunction 
or any other apparent ill effect®’**' and large amounts are also 
consumed by many West Africans and Brazilians who prepare 
food with red palm oil. (Ghanaian liver retinol and blood 
carotene levels are grossly elevated, but their median blood 
retinol is normal**.) 

Long-term randomized intervention studies with 8 -carotene 
might be worthwhile on almost any category of persons at high 
enough risk of cancer for several dozen occurrences, recurrences 
or progressions to be anticipated in a practicable sized study 
group within a few years. However, among really high-risk 
people trials of synthetic retinoids may be preferred, despite the 
possibility of toxic effects. With B-carotene, perhaps the most 
interesting possibility is randomized intervention in the general 
population, or in those of the general population who seem to 
have less retinol or 8 -carotene than average by dietary ques- 
tionnaires or by serum analysis. It may be most practical in such 
studies to restrict interest to people over 50 or over 60 years old, 
because in younger people (even if they smoke, which merely 
doubles their age-specific cancer risk) the cancer onset rate is so 
low that impractically large numbers would be needed to 
characterize the moderate benefits that might realistically be 
hoped for. Even if there is a really worthwhile benefit from 
f -carotene, it may require 5 years of study of many thousands of 
people aged over 50 years before clear evidence of benefit 
emerges, so that complicated follow-up and any other source of 
organizational complexity will have to be avoided if such trials 
are to be maintained for several years. 
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Conclusion 


Blood retinol: In malnourished populations, increasing the 
dietary intake of 8 -carotene or retinol among people deficient in 
vitamin A can rectify the deficiency and cause blood retinol 
levels to rise, a procedure of such obvious medical value that it 
matters little from a public health point of view whether it also 
diminishes cancer incidence. Although this may likewise hold 
for that small minority of people in developed countries whose 
diet is seriously deficient in vitamin A, for most people in 
developed countries neither dietary B-carotene (‘provitamin 
A’) nor dietary retinol (‘preformed vitamin A’) have much effect 
on blood retinol. If the inverse association between blood retinol 
and cancer incidence that has recently been reported from small 
prospective studies in developed countries is confirmed in larger 
prospective studies it may well reflect a true cause-and-effect 
relationship. Even if it does, however, this will not suggest that 
increasing dietary vitamin A or provitamin A will reduce cancer 
incidence in a developed country for they have little effect on 
blood retinol. Rather it would suggest that the hormonal and 
other extrinsic factors which do influence blood retinol levels 
need to be discovered, and that when they have been the effects 
on total health of manipulating them will need to be evaluated 
rigorously in long-term trials. 

B-carotene: When dietary £ -carotene rather than blood retinol 
is considered, it appears that so many observational studies of 
dietary factors and cancer incidence have already indicated a 
slightly lower than average incidence of cancer among people 
with an above average intake of B-carotene that it is most 
unlikely that this association will disappear entirely with future 
observational studies, whether of blood or of dietary £ -caro- 
tene. This inverse association may, of course, be an artefact, due 
merely to association of B-carotene ingestion with some truly 
protective dietary habit(s) or component(s), or to association of 
B-carotene ingestion with avoidance of some truly harmful 
dietary habit(s) or component(s). Equally, however, the inverse 
association between dietary B-carotene and cancer incidence 
may be due to a genuine protective effect of 8 -carotene against 
the onset of cancer. If so, perhaps it is the 6 -carotene that is 
absorbed unchanged from the intestine which is chiefly respon- 
sible for this protective effect rather than any retinol or retinal 
generated in the intestine from 8 -carotene, in which case this 
protective effect could not be produced by dietary retinol alone. 
Although various lines of laboratory and field research can be 
envisaged which might tip the balance of probability a little one 
way or the other as to whether B-carotene is or is not truly 
protective, it seems unlikely that this question will be decided 
unequivocally in the foreseeable future unless controlled trials 
are undertaken. Although the evidence thus far available is not 
compelling that 8 -carotene is truly protective against cancer (or, 
a fortiori, against total mortality) this is not a good reason to 
delay starting controlled trials because even if, as seems prob- 
able, a few truly protective agents do await discovery among the 
dozen or two dietary factors of current interest to the research 
community, compelling evidence may take decades to emerge 
without controlled trials. 

Preventive measures, especially those which may be relevant 
over along period to many millions of people, deserve peculiarly 
rigorous evaluation. Apart from reducing the amount consumed 
(or harmfulness) of tobacco, there are few lines of research or 
governmental action that offer any medium-term hope of 
achieving substantial reductions in total cancer incidence rates. 
Seeking extrinsic determinants of the blood levels of carrier- 
bound retinol is one, and investigating the anticancer effects of 
the carotenoids is another. In each case, whether or not a fruitful 
outcome is thought to be probable, the fact that it is at least 
plausible would justify pursuit of some of the suggested lines of 
research. 

We thank Bruce Ames for suggesting the relevance of singlet 
oxygen and John Cairns for suggesting how to test this, Professor 
Saxon Graham and his co-workers Curtis Mettlin and Jim 
Marshall, Dr M. Mathews-Roth, Dr E. Bjelke, Dr R. Shekelle, 
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to mention their unpublished results, and Mrs V. M. Godwin 
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Neodymium and strontium isotopic data from rocks can be satisfied by a model in which the mantle contains chemical 
heterogeneities of many sizes which are less depleted in incompatible elements than the surrounding mantle, and in which 


the entire mantle is slowly mixed by convection. 


EAIA PAETA anaa AAAA AAA Aaea deen N A ANASA DAAA AA AAA NT LANAA ANa ana aaan NA Athai Aaaa: 


NEODYMIUM isotopic abundance data have been used to con- 
strain models of the structure and evolution of the Earth’s 
mantle’. According to some studies, only a fraction (one-third 
to one-half’) of the mantle has been differentiated to form 
the continental crust, and the rest of the mantle is thought to 
retain its primitive Nd isotopic composition. This would favour 
models in which the mantle is compositionally layered, but not 
those in which the mantle is mixed on the large scale by 
whole-mantle convection. As our ideas on the evolution of the 
Earth will be strongly affected by which model is correct (geo- 
physical constraints having proved inconclusive® '') so we need 
to establish the uncertainties of the isotopic constraints and the 
interpretations. Unfortunately, recent studies have only briefly 
considered the uncertainties of the constraints, they have 
assumed that only layered mantle models are viable, and the 
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complexities of calculations of the evolution of these models 
have obscured their sensitivity to uncertainties in the data. 

This article examines the uncertainties of the Nd isotopic 
constraints; this is simplified by considering the present Nd 
budget of the Earth separately from the evolution of the Earth 
and of Nd. The mass of mantle which has been depleted to form 
the continental crust is found to be uncertain, and identifiying 
this with the seismologically defined upper mantle is premature. 

Some deficiencies of layered mantle models are also pointed 
out—the narrow range of Nd isotope data for ocean island 
basalts is not explained, and an important part of the rationale 
for layered models may be undermined by recent Nd data for 
kimberlite inclusions. 

A model with a heterogeneous mantle and whole-mantle 
convection is proposed. It is pointed out that whole-mantle 
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Fig. 1 Nd-Sr isotopic correlation for some oceanic rocks and 
kimberlite inclusions. Mid-ocean ridge basalt (MORB, @) and 
oceanic island basalt (OIB, ©) data from ref. 2. Kimberlite 
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many meteorites are believed to be derived from the asteroid 
belt, more than twice as far from the Sun as the Earth. 

There are some limited data with which the second assump- 
tion has been tested. Jacobsen and Wasserburg” have reported 
Sm and Nd isotopic and abundance data for several chondrites 
and achondrites (including Juvinas). Their results imply exg= 
~1+1 at present and £ya = —2 +0.5 at 4,500 Myr ago, but it is 
not clear to what extent these discrepancies from £ya = 0 may be 
due to interlaboratory biases’**’. (Note that these e values are 
based on the old reference values'*:'*, and not on the new ones 
defined by Jacobsen and Wasserburg*®.) About 50 isotope 
dilution measurements of Sm/Nd in chondrites*** give a mean 
'*7§m/'*Nd of 0.196 + 0.002 (see also refs 26, 27), compared 
with the Juvinas reference value of 0.1936 (ref. 13). If all 
chondritic material began with € yna = 0, this Sm/Nd range would 
generate a range of 2+6 (15.d.) in eng, with the mean being 
Eng = 2272 (2 s.d,). 


Present Nd mass balance 


Suppose that the mantle initially had mass M, Nd mass concen- 
tration Cy and £ yna = £o. Suppose that later the mantle comprises 
several reservoirs with masses M,, concentrations C, and Eng = 
£; and the mass fraction x, = _M,/M. Then the equations which 
express conservation of the masses of the mantle and Nd and the 
total amount of radiogenic Nd produced in the interval are 


inclusion (KI, W) data from ref. 22. eng = 10*(ang/0.511836 — 1) 
(refs 4, 12, 13). e5,= 10*(a5,/0.7045— 1) (refs 12, 14), where 
as, = °7Sr/*6Sr. 


convection involves long overturn times and very long residence 
times, that plate tectonics must continuously generate hetero- 
geneities, and that both mechanical and thermochemical factors 
may extend the survival times of heterogeneities to thousands of 
millions of years. 


Nd isotope data 

Variations in ang = ‘**°Nd/'**Nd produced by the decay of '*7Sm 
are conveniently measured in terms of eng (ref. 12), which 
measures parts in 10* deviations of ayy from a reference value 
that is based on measurements of the Juvinas meteorite’’, and is 
assumed to represent an average chondritic value. Mid-ocean 
ridge basalts (MORB) have e£ xa values near 10 (refs 12, 14-16), 
indicating that the MORB source (the oceanic mantle) is 
depleted in large-ion lithophile (LIL) elements relative to 
chondrites. Conversely, many young continental rocks have 
negative ex4 values'’*° indicating a complementary LIL- 
enrichment relative to chondrites. Island arc rocks tend to have 
Eng ~ 8, while oceanic island basalts (OIB) tend to have £ya ~ 6, 
but with some ranging to near zero*!*:'*'*, Continental flood 
basalts (CFB) tend to have ex, values near zero”, which 
suggests they derive from a source which is primitive and 
chondritic'*, A negative correlation between eng and £s, has 
been found for oceanic rocks'*:'*"'®, where eg, is the analogous 
measure of the Rb-Sr system’? with €s, = 0 being defined by the 
point where the correlation crosses ex, = 0. This correlation is 
shown in Fig. 1 for a selection of MORB and OIB samples’. 
Recently some kimberlite inclusion (KI) data have been 
obtained which extend this correlation through the origin” (Fig. 
1). Other continental rocks and island arc rocks often deviate 
from this correlation, and this can often be attributed to 
contamination by seawater or lower continental rocks of magma 
originally lying on the correlation line’”*°??"**, 


Nd in chondrites 


Interpretations of the above data have been based on the 
assumptions that the average crust~mantle system (bulk Earth 
or BE) has chondritic Sm/Nd and Rb/Sr ratios, and that chon- 
dritic material will have ex,=0. The first assumption is very 
difficult to justify with any rigour. For example, if chondrites 
derive from a relatively small number of parent bodies, then our 
sample may be significantly biased. Furthermore, the Earth may 
have sampled a slightly different population of material, because 


> X; = 1 
LxC,=Cy (1) 
È xiCie; = Coto 





4,000 2,000 0 
. Age (Myr) 


Fig.2 Models of es, and exg evolution calculated from equation 
(1) and its Sr analogue (Qs, = 0.0167 Myr™’, ref. 4). a, Evolution of 
£s in the oceanic mantle (OM) relative to the bulk Earth (BE). OM 
lines are labelled with the Rb-Sr enrichment factor, fs, Error bar 
on BE is the estimated uncertainty of the present BE value of £s, 
(see text). fs, = (t1s,/0.0839 — 1), where us, = *’Rb/**Sr (refs 4, 12, 
14). b, Evolution of ewa for oceanic mantle (OM), continental 
mantle (CM) and continental crust (CC) for mean differentiation 
ages of 1,800 and 2,500 Myr. Lines are labelled with values of fya. 
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Fig. 3 Alternative explanations of the correlation in Fig. 2. a, 
Depleted (D) and primitive (P) sources evolve independently from 
0. Mixing from D and P then yields the isotopic composition X. The 
presence of an enriched source (E), as suggested by kimberlite 
inclusion data**, implies that either E evolved independently of but 
colinearly with D and P, or that P results from mixing of D and E 
and is therefore not primitive. Straight mixing lines require the 
sources to have the same Sr/Nd ratio*®. b, All sources evolve 
independently but colinearly. This requires coherent fractionation 
of Sm/Nd and Rb/Sr: specifically, that sources have the same ratio 
of enrichment factors, fug/fs, (refs 2, 53), 


These relations are implicit in the treatments of Nd evolution 
and partitioning by O’Nions et al.“ and Jacobsen and Wasser- 
burg’, but they did not separate the instantaneous mass balance 
from the evolution. In equations (1), the evolution is implicit in 
the present values of e. 

Some results of applying equations (1) are given in Table 1. 
Cases 1-4 are variations on Model 1 of Jacobsen and Wasser- 
burg* (which is similar to Case 3, Table 1): the present reservoirs 
considered are the continental crust (CC), depleted mantle 
(DM), and primitive mantle (the same as the initial mantle, but 
with a smaller mass). The parameters of the initial mantle (IM) 
and of CC were assumed, and those of DM were calculated, 
assuming Ep = 10, consistent with Fig. 1 (ref. 4). The initial 
concentration of Nd, Ca=0.9 ug per g, is lower than that 
assumed by Jacobsen and Wasserburg’, and is based on thermal 
evolution models of the Earth**** which require uranium 
abundances in the mantle to be ~ 1.5 times chondritic: C, is also 
assumed to be 1.5 times chondritic, rather than twice chon- 
dritic*. 

Case 1, Table 1, requires about half of the mantle to have been 
depleted (xp, = 0.48). If ecc is assumed to be ~30 rather than 
-20, which implies an older crust, then about two-thirds of the 
mantle must have been depleted (Case 2). On the other hand, if 
Co = 1.26 ug per g (ref. 4), then only one-third of the mantle 
need have been depleted (Case 3). The sensitivity of the mass 


balance to £p is illustrated by Case 4: almost the entire mantle 
must have been depleted if ¢, is increased to +4. 

There is increasing evidence that the sub-continental mantle 
is veined by LIL-element-enriched phases which were emplaced 
by metasomatic events into previously deleted mantle*****’. 
The kimberlite-inclusion data in Fig. 1 suggest that eng = —10 
may be reasonably representative of this heterogeneous 
material. Its total abundance is difficult to estimate, but one 
constraint may come from continental heat flow data, from 
which it is inferred that ~25 mW m~”? of heat flux comes from 
below the upper 10-15 km of the crust”: this is compatible with 
uranium and thorium abundances in the continental lithosphere 
up to ~ 10 times chondritic abundances (that is, U abundances 
up to ~0.15 ug per g). Jordan”? points out that continental 
garnet lherzolite inclusions have K and other LIL abundances 
compatible with this degree of enrichment, and he summarizes 
the confluence of geophysical and geological data favouring the 
existence of an ancient, stable, LIL-enriched subcontinental 
mantle. Thus the subcontinental mantle may be an ancient 
reservoir with significant Sm and Nd enrichments. 

Cases 5-8 of Table 1 explore the possible effect of an addi- 
tional reservoir in the sub-continental lithospheric mantle (CM) 
by giving the Nd concentration in CM which would be required 
by depletion of the entire remaining mantle {xem = 0.03 cor- 
responds to continental lithosphere ~200 km thick). Cases 5, 6 
and 8 yield abundances from ~3-13 times chondritic (0.6 ug 
per g); only Case 7 clearly violates the constraint inferred from 
heat flow. 

These results demonstrate that the fraction of mantle which 
has remained undepleted is subject to large uncertainties. Thus, 
the identification of the undepleted mantle with the lower 
mantle is speculative, and most of the mantle may possibly have 
been depleted. 


Age of the continental crust 


Because of the long half life of '*’Sm, ex, varies approximately 
linearly with time in a closed Sm-Nd system, and can be 
written": 


E nalt) = €ng(O) + Onaf nat (2) 


setts 


constant, t is time and fna is the Sm-Nd enrichment factor of the 
reservoir relative to Juvinas: fna = (Hna/0.1936 — 1) and prg= 
'*7§m/'**Nd. Jacobsen and Wasserburg’ have shown that 
equation (2) yields an upper bound, T, on the mean age of a 
reservoir if e(~T), e (0) and fya are known. 

The chronology of the continental crust is a major question in 
the mass-balance calculations (and in Earth history in general). 
Equation (2) shows explicitly how the evolution of reservoirs 
enters the mass balance calculations of the previous section. For 
example, Case 2 (Table 1), with e¢c = —30, would require the 
continental crust to be older, or to have a more negative fyna, or 
both, than Case 1, with ecc = ~20. 


Table 1 Nd mass balance 





Continental Continental 





Initial Depleted 
mantle mantle crust mantle 
=T) (e = 10) (x =0.0055, ( =0.03, 
C = 26) g = — 10) 
Case C € x C € C 
(ug per g) (ug per g) (ug per g) 
1 0.9 0 0.48 0.60 ~ 20 — 
2 0.9 0 0.64 0.68 ~ 30 — 
3 1.26 0 0.34 0.84 —20 — 
4 0.9 4 0.93 0.75 ~~ 25 — 
5 0.9 Q 0.97* 0.53 — 20 8 
6 0.9 0 0.97* 0.60 — 30 5 
Fi 1.26 0 0.97* 0.74 — 20 14 
8 0.9 4 0,.97* 0.71 — 20 1.6 
* Assumed. 
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Fig.4 Some aspects of the heterogeneous mantle models. Blobs 
represent chemical heterogeneities which are less LIL-depleted 
than the surrounding mantle. Heterogeneities are of many sizes, 
but their geometry is unknown; they may be generated at sub- 
duction zones and higher concentrations of radioactive heat 
sources would make them prone to diapirism; they would tend to 
be destroyed or dispersed by the shearing of convective flow. 


Jacobsen and Wasserburg* estimated the mean age of the 
crust-mantle differentiation using the Rb-Sr system in the 
oceanic mantle (OM). For OM, the present e s is about —27 (Fig. 
1), and they estimate that fs, lies between —0.8 and —0.95, with 
~0.9 being their preferred value. The mean age, Ts, of OM can 
then be obtained from the Sr analogue of equation (2), and the 
graphical solution is shown in Fig. 2a: assuming that initially 
OM had £s, = 0, the result is Ts = 1,800 Myr. This is a rather 
small age for the depleted OM and its complementary 
continental crust (CC), and would favour Cases 1 and 3 (£na = 
~20) rather than Case 2 (ena = —30), as is shown in Fig. 2b 
assuming that fya = —0.4 for CC’. 

Jacobsen and Wasserburg’s**° confidence in this estimate is 
based on the presumption that the OM is strongly depleted in 
Rb, so that f,, must be close to —1 and its absolute uncertainty 
cannot be large. However, Weaver and Tarney*', for example, 
estimate fs, = —0.73 for OM, which yields Ts, = 2,200 Myr (Fig. 
2a). Note that the bulk Earth value of £s, is inferred from the 
correlation in Fig. 1 and is, therefore, uncertain by about +5 
(and the correlation may not even preserve direct information 
about the initial eṣ, of the Earth). When account is taken of such 
uncertainties in enrichment factors and € values of various 
reservoirs***', one must conclude that equation (2) and its Sr 
analogue do not yet give very strong constraints on the mean age 
of the crust-mantle differentiation (Fig. 2a). 

On the other hand, the observations that the continents 
contain provinces which were stabilized by the late Archaean 
(~ 2,500 Myr ago), are of average crustal thickness (35-40 km) 
and which have little or no sediment cover lead to the conclusion 
that much of the continental crust had been differentiated by the 
late Archaean (see refs 42-44), Wise*? estimates that 90% of the 
continental crust had been differentiated by the end of the 
Archaean. This conclusion can be avoided if the Archaean crust 
had subsequently been thickened by underplating, but there is 
no recognized modern analogue of such a process, and it would 
have to be an extremely delicate process to affect broad areas 
uniformly without leaving recognizable effects at the surface. 
This conclusion would imply that the mean age of differentiation 
of the continental crust from the mantle is = 2,500 Myr. 

If the mean age of the continental crust is as great as 2,500 
Myr, and with estimates of fxg of CC ranging from ~—0.35 to 
— 0.48 (refs 3, 4, 41, 45), then it is quite plausible for £ yna of CC 
to be — 30, as assumed in Table 1. It follows that well over half of 
the mantle may be LIL-depleted. Note that a Sr mass balance 
may also be calculated** as was done here for Nd, but the 
uncertainties for that calculation are at least as great: the mean 
Rb-Sr enrichment of the continental crust, in particular, is very 
uncertain. 


The layered mantle model 


Wasserburg and DePaolo’ have advocated a two-reservoir 
mantle model in which the (seismologically defined) upper 
mantle is identified as depleted oceanic mantle and the lower 
mantle is identified as a primitive (chrondritic) source of the 
continental flood basalts. This division is suggested by their mass 
balance estimates'* (see case 3, Table 1). In this model the 
correlation in the depleted quadrant of Fig. 1 comprising 
MORB, island arcs, OIB and CFB (not shown, but with eng = 0), 
is interpreted as a mixing line between MORB and CFB. If that 
is true, then the clustering of the OIB data at e,4=6+2 is 
puzzling: why do not all degrees of mixing occur? As no one 
seems to advocate a special intermediate source reservoir with 
Eng = 6, the clustering must be due either to the small data 
sample or to some unknown mechanism. If either of these is true 
for the OIB, then why not also for the CFB, clustering at £ na = 0, 
especially because the new KI data suggest that the correlation 
of Fig. 1 extends into the enriched quadrant? 

There are two mechanisms which might yield a correlation 
like that in Fig. 1, and these are shown in Fig. 3: mixing between 
two reservoirs (Fig. 3a), and coherent fractionation with 
independent evolution of sources (Fig. 3b). As long as only two 
reservoirs were sufficient to account for the data, the mixing 
hypothesis was perhaps preferable. However, the advent of the 
KI data (Fig. 1) necessitates at least one more reservoir: an 
enriched KI endmember (E, Fig. 3). If these reservoirs have 
evolved independently and colinearly, then coherent frac- | 
tionation is established and can be invoked for any other point 
on the correlation line. Alternatively, if all points between D and 
E result from mixing of D and E (requiring identical Sr/Nd (ref. 
46)), then it would only be coincidence that the CFB have 
Eng = 0, the identification of the CFB source as primitive would 
be premature, and the primitive values of £s, would be 
unknown. Furthermore, the geometry of the sources would have 
to be revised. In either case, the KI data make the case for the 
layered two-reservoir mantle model much less compelling. 

Another important question about the layered mantle model 
is how the layers separate (note that the separation must not be 
complete, as lower mantle material is required to reach the 
surface). The mantle transition zone may effect this separation, 
either by the effects of phase changes or, more likely, by a 
change in intrinsic density®. If the upper mantle is separated in 
this way and has been steadily depleted, then, according to 
Jacobsen and Wasserburg‘, the concentrations of some highly 
incompatible elements in crustal rocks would have decreased 
10-fold in the past 3,500 Myr, and they claim there is no 
evidence for this. If, as they prefer, the depleted mantle has been 
steadily growing in volume, with a constant degree of depletion, 
then it would only be coincidence if its lower boundary coincided 
with the transition zone at present. If the boundary between 
depleted and undepleted layers does not coincide, or has not 
coincided, with the transition zone, then the existence of the 
boundary and its ability to prevent mixing become ad hoc: it is 
certainly possible, but there is no compelling geophysical evi- 
dence for another boundary in the mantle. 


Heterogeneous mantle model 


At this stage, the Nd data can be interpreted in terms of an 
alternative model of the mantle which is chemically hetero- 
geneous up to the largest scales and in which the entire mantle is 
slowly mixed by convection. The geophysical evidence is 
equivocal on the question of the structure of mantle convection: 
both whole-mantle convection®”''’ and convection in separate 
layers®™ "° have been recently advocated on the basis of geophy- 
sical evidence, so geochemists must also consider these alter- 
natives. 

The type of model proposed is shown in Fig. 4, It is postulated 
that the average mantle is fairly strongly LIL-depleted (£ na = + 
10) and that a small volume fraction (perhaps 10-20%) 
comprises less depleted or enriched regions. These regions are 
depicted in Fig. 4 as blobs, but their geometry is unknown. They 
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could be remnants of primitive mantle (ena ™ 0), but it is more 
likely that they are products of more complex differentiation 
histories involving both enrichments and depletions, resulting in 
a wider range of ena( 10 eng — 10). If these differentiation 
events involved coherent fractionation, as at least some must 
have, according to the earlier discussion, then the linear array of 
Fig. 1 would result. The heterogeneities may range in size up to 
hundreds or even thousands of kilometres, as suggested by the 
largest oceanic volcanic hotspots (Iceland and Hawaii), and 
down to grain sizes*’"*’. The mantle heterogeneities must have 
existed through much of the Earth’s history, as indicated by the 
mean age of the crust and mantle reservoirs (Fig. 2), and by 
inferred ancient metasomatic events”’. 

Subduction zones must generate mantle heterogeneities, 
because subducting oceanic lithosphere is strongly stratified and 
it apparently remains mechanically coherent at least to depths of 
hundreds of kilometres. The upper mantle part of subducted 
lithosphere is presumably LIL-depleted and refractory: it may 
therefore be mechanically strong and persistent, while pieces of 
it may ultimately become incorporated into continental 
lithosphere*’*’. The crustal part is enriched in some LIL ele- 
ments and hydrated*®: much of the enriched component may be 
incorporated into island arc magmas*°***, but some probably 
escapes this process and returns to the mantle*’. Until the 
complexities of island arc geochemistry and of sialic crust 
generation are better understood, it is difficult to predict the 
character of such LIL mantle enrichments, but if they are 
significantly enriched in radioactive heat sources (U, Th, K), 
they would be prone to diapiric instability and uprising as mantle 
viscosity is a strong function of temperature. Such diapirs would 
be likely to mobilize and concentrate volatile and other 
incompatible elements, and thus might be the cause of mantle 
metasomatic events. They would be, in this model, the immedi- 
ate sources of volcanic hotspots, although only a small fraction 
of all existing diapirs might reach the surface at a given time; 
many others might be disrupted by shearing before reaching the 
surface. Some of these features are shown in Fig. 4. 

An important question is how the postulated heterogeneities 
could survive in a fully convective mantle, as the shearing in 
convective flow tends to smear out heterogeneities***’: the 
following arguments demonstrate the plausibility of hetero- 
geneities surviving for thousands of millions of years. In a 
whole-mantle convection system, at present rates of seafloor 
spreading, it would take over 4,000 Myr for the mass of the 
mantle to pass within 100 km of the surface”, and thus to 
undergo a significant melting and differentiation event; that is 
the mean residence time between major differentiation events is 
thousands of millions of years. For isolated more-viscous 
regions, shearing rates vary inversely as viscosity, so that refrac- 
tory regions are likely to have low shearing rates. On the other 
hand, shearing rates of isolated less viscous regions are 
controlled by the viscosity of the surrounding mantle and thus 
will not be exceptionally large. In addition, the diapiric tendency 
of such regions, suggested above, will tend to enhance enriched 
heterogeneities. 

A heterogeneous mantle is a natural outcome of the present 
tectonic regime, but the degree of chemical heterogeneity is 
difficult to estimate as it will be the result of a dynamic equili- 
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brium between the competing processes creating and destroying 
heterogeneities. This can be characterized in terms of the resi- 
dence times of mantle material and survival times of hetero- 
geneities. Residence times are clearly of the order of 10° years 
at present. Survival times depend on the rates of competing 
processes and these are difficult to estimate. The shearing 
rate can be characterized by the mantle overturn time which, at 
30mm yr7', is at least 300 Myr for the whole mantle. In a 
homogeneous fluid, heterogeneities can become very elongated 
by shearing in one overturn*®*’, but the mechanisms discussed 
above might easily extend the survival time well beyond one 
overturn time. 

Because the Earth’s heat flow was probably greater in the 
past, all processes would have been faster. Plate velocities are 
approximately proportional to the square of the heat flux*’, but 
it is unlikely that the heat flux has been much more than twice its 
present value in the past 2,000 Myr (refs 33, 52). Thus residence 
times have probably been > 1,000 Myr for the past 2,000 Myr, 
and other rates would probably have changed in proportion. 

O’Connell and Hager”? have pointed out that residence times 
may be considerably less in the upper mantle than in the lower 
mantle because of the relatively rapid migration of ridges and 
trenches compared with convective velocities. Essentially, the 
more recently subducted material will have a greater chance of 
being returned to the surface by a passing ridge than deeper 
material. Thus this kinematic effect would tend to produce a 
stratification (but not necessarily layering) of the mantle in 
which the deeper material has been less differentiated than 
shallower material. 


Conclusions 


The Nd and Sr isotopic data clearly demand a mantle in which 
heterogeneities have existed for thousands of millions of years: 
the real question is the topology and distribution of the hetero- 
geneities. In this sense the layered mantle model is a special case 
in which there are only vertical heterogeneities with sharp 
boundaries. Our heterogeneous mantle model is another type in 
which there is little or no mean vertical variation and in which 
the heterogeneities are isolated and have a range of chemical 
differences and a large range of sizes. The principal differences 
between these models lie in (1) the fraction of the mantle which 
has been strongly LIL-depleted, (2) the topology of the hetero- 
geneities and (3) the existence of a reservoir of isotopically 
primitive material. 

The principal question about the heterogeneous mantle 
model is probably the uncertainty of the survival time of the 
heterogeneities, while the principal question about the layered 
model may be the mechanism by which the layers are separated. 

If some heterogeneities must exist within the layers of the 
layered mantle model, and if the heterogeneous model has some 
vertical stratification, then the distinctions between the models 
begin to blur. The real issue then is not a choice between two 
idealized models, but the accuracy with which the Earth’s place 
in the spectrum of models can be determined. It is concluded 
here that no part of the spectrum of models discussed above can 
confidently be excluded at present. 

I thank Don DePaolo, Gerry Wasserburg, Rodey Batiza, 
Larry Haskin and Keith O’Nions for constructive comments. 


15. O’Nions, R. K., Hamilton, P. J. & Evensen, N. M. Earth planet. Sci. Lett. 34, 13-22 (1977). 

16. Richard, P., Shimizu, N. & Allègre, C. J. Earth planet. Sci. Lett. 31, 269-278 (1976). 

17, Carter, S. R., Evensen, N. M., Hamilton, P. J. & O’Nions, R. K. Science 202, 743-747 
(1978), 

18. Allègre, C.J. & Ben Othman, D. Nature 286, 335-342 (1980). 

19. McCulloch, M. T. & Wasserburg, G. J. Science 200, 1003-1011 (1978). 

20. Hawkesworth, C, J. & Vollmer, R. Contr. Miner. Petrol. 69, 151-165 (1979). 

21. DePaolo, D. J. & Wasserburg, G. J. Proc. natn. Acad. Sci. U.S.A. 76, 3056-3060 (1979). 

22, Menzies, M. & Murthy, V. R. Nature 283, 634-636 (1980). 

23. Menzies, M. & Murthy, V. R. Earth planet, Sci. Lett, 46, 323-334 (1980). 

24. DePaoloe, D. J. Science 209, 684-687 (1980), 

25, Hawkesworth, C. J. et al. Earth planet. Sci. Lett. 42, 45-57 (1979). 

26. Jacobsen, S. B. & Wasserburg, G. J. Earth planet. Sci. Lett. 80, 139-155 (1980). 

27, Lugmair. G. W. & Carlson, R. W. Proc. 9th Lunar planet. Sci. conf, 689-704 (1978). 

28. Masuda, A., Nakamura, N. & Tanaka, T. Geochim. cosmachim. Acta 37, 239-248 (1973). 

29, Nakamura, N. Geochim. cosmochim. Acta 38, 757-775 (1974). 

30. Nakamura, N. & Masuda, A. Earth planet. Sci. Lett. 19, 429-437 (1973). 

31. Gast, P. W., Hubbard, N. J. & Wiesmann, H. Proc. 2nd Lunar Sci. Conf., 1143-1163 (1970). 





Nature Vol. 290 19 March 1981 


32. Evensen, N. M., Hamilton, P. J. & O'Nions, R. K. Geochim. cosmochim. Acta 42, 
1199-1212 (1978). 

33. Davies, G, F. J. geophys, Res. 88, 2317-2530 (1980). 

34. Schubert, G., Stevenson, D. & Cassen, P. J. geophys. Res. 88, 2531-2538 (1980). 

35. Lloyd, F. E. & Bailey, D. K. Phys. Chem. Earth 9, 385-416 (1975). 

36. Frey, F. A.. Green, D. H. & Roy, §. D. J, Perol. 19, 463-513 (1978). 

37. Frey, F. A. & Green, D. H. Geochim. cosmochim. Acta 38, 1023-1059 (1974), 

38. Seater, J. G., Jaupart, C. & Galson, D, Rev. Geophys. Space Phys. 18, 269-312 (1980), 

39, Jordan, T. H. Phil, Trans. R. Sec. (in the press). 

40, Jacobsen, S. B. & Wasserburg, G, J.J. geaphys. Res. 84, 7429-7445 (1979), 

41. Weaver, B, L. & Tarmey, J. Nature 286, 342-346 (1980). 

42, Wise, D. U., in The Geology of Continental Margins (eds Burke, C. A. & Drake, C.L.) 45-58 
(Springer, New York, 1974). 


213 


43. Armstrong, R. L. Rev. Geophys. Space Phys. 6, 175-200 (1968). 

44. Hess, H. H. in Petrologic Studies (eds Engel. A. E. J, James, H, L. & Leonard, B. F} 
599-620 (Geological Society of America, New York, 1962). 

45. DePaolo, D. P. Geochim. cosmochim. Acta 44, 1185-1196 (1980). 

46. DePaolo, D. J. & Wasserburg, G. J. Geochim. cosmochim. Acta 43, 615-627 (1979). 

47, Oxburgh, E. R. & Parmentier, E. M, Phi.. Trans. R. Soc. AZ88, 415-428 (1978). 

48. McKenzie, D. P, Geophys. J. R. astr, Soc. $8, 689-715 (1979), 

49. Richter, F. M. & Ribe, N. M, Earth planet. Sci. Lett. 43, 212-222 (1979). 

50. O'Connell, R. J. & Hager, B. H. EOS 61, 373 (1980). 

$1. Davies, G. F. Earth planet. Sci. Lett, 44, 231-238 (1979). 

52. Davies, G. F. J, geophys. Res, 88, 7108-7114 (1980). 

$3. DePaolo, D. J. Earth planet. Sci. Lett. 43, 201-211 (1979). 










vied 





Stan Fields & Greg Winter 


nm ARC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK 


George G. Brownlee 


Fa s 
Sir Willian Dunn School of Pathology, University of Oxford, South Parks Road, Oxford OX1 3RE, UK 


a pry ren ti nl ARVN ATT FPR A nA E a A e e a rupee uAASA tH PRU RL ABA IT e an ere nappies ia aaa aeaaaee aain: 


rise: 


The complete structure of the neuraminidase gene in influenza A/PR/8/34 has been determined by cloning into the 
bacteriophage M13 and sequencing with dideoxynucleotide chain terminators. The gene is 1,413 nucleotides long, codes for 
a protein of 454 amino acids and has five potential glycosylation sites. We suggest that the neuraminidase, unlike the 
influenza haemagglutinin, is oriented with its N-terminus buried in the viral membrane. 





INFLUENZA A viruses have two surface antigens, haemag- 
glutinin and neuraminidase, both of which can undergo exten- 
sive antigenic variation. The haemagglutinin binds the virus to 
sialic acid-containing receptors on the cell, but the role of the 
neuraminidase is still not fully understood (for reviews see refs 1, 
2). The enzyme cleaves terminal N-acetylneuraminic acid (sialic 
acid) from carbohydrate chains in glycoproteins’, and its 
function may be to remove the carbohydrate residues from the 
virus envelope itself, thus eliminating receptors for the 
haemagglutinin and preventing self-aggregation of virion parti- 
cles*. The removal of sialic acid also seems to facilitate pro- 
teolytic cleavage of the haemagglutinin, which is essential for 
infectivity’®, by exposing the site of cleavage on the haemag- 
glutinin’”. 

Although the haemagglutinin is the more significant factor in 
the immune response of the host organism, the neuraminidase is 
also involved in this response”’'®, as anti-neuraminidase anti- 
bodies can inhibit viral replication. Like the haemagglutinin, the 
neuraminidase can undergo either small changes in antigeni- 
city? (antigenic drift) or major changes (antigenic shift), in 
which the neuraminidases do not cross-react serologically''. 
Antigenic shift in human influenza viruses occurred in 1957, 
when the N2 subtype replaced the N1. A comparison of the 
N-terminal amino acid sequences predicted from RNA 
sequencing'* showed that within a subtype there is a high degree 
of amino acid conservation, but between the different subtypes 
there is little homology after the first 12 amino acids. 

Using recombinant DNA methods, we have sequenced the 
neuraminidase of the human strain A/PR/8/34 (HIN1, 
formerly designated HON1) to provide a basic framework for 
both understanding the function of the protein and to further 
study the mechanism of antigenic drift and shift. From the 
sequence has emerged the possibility that in contrast to the 
haemagglutinin'*’*’, the neuraminidase is bound to the viral 


. membrane by its N-terminus, 


Cloning and sequence analysis in M13 

Three separate strategies were used to determine the sequence. 
As part of a ‘shotgun’ approach?’ to sequence the eight single- 
stranded RNA segments in the influenza genome**™*, restric- 
tion fragments derived from the whole genome were cloned into 


the bacteriophage M13mp2 (ref. 25) or one of its derivatives***’ 


and sequenced by the dideoxy technique**. One Hae III clone 
contained the sequence of 444 nucleotides at the 3’ end of the 
neuraminidase virion RNA (vRNA) as seen from a match with 
limited RNA sequence data for the related fowl plague virus 
(FPV) neuraminidase gene*’*’. Two other clones, derived from 
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RNA priming 


Fig. 1 Summary of sequence evidence. Virion RNA was poly- 
adenylated and double-stranded cDNA prepared using 
oligo(dT) 2.43 priming and then loopback of the 3’ end of the 
cDNA as described elsewhere’. Alternatively, the band 6 cDNA 
derived from 20 pg RNA was eluted from a 2.8% acrylamide/7 M 
urea gel** and annealed in 40 pl of 0.05 M NaCl, 0.01 M Tris-HCI 
pH 7.4, 0.01 M MgCh, 1 mM dithiothreitol (DTT) to 80 pmol of a 
13-long synthetic oligodeoxynucleotides primer (see text) by boil- 
ing and then slowly cooling. Deoxynucleotide triphosphates to 
0.5 mM and 2U DNA polymerase (Klenow fragment, Boehringer) 
were added and the reaction incubated for 1h at 20°C, Double- 
stranded molecules were cut by restriction enzymes; Hael and 
Alul fragments were blunt-end ligated to 10 ng HindlIl-cut 
M13mp7 (ref. 27) in 10 pl of 0.05 M Tris-HCI pH 7.4, 0.01 M 
MgCl, 0.01M DTT, imM rATP and 0.4U T4 DNA ligase. 
Sau961 fragments were first blunt-ended by incubation with the 
Klenow fragment of DNA polymerase”® and then ligated as above. 
Sau3A fragments were ligated as described elsewhere”, DNA 
sequencing of M13 clones used a 30-base pair cloned primer®’ or 
17-long oligodeoxynucleotide synthetic primer (from Dr M. J. 
Gait). RNA priming with restriction fragment primers was as 
described elsewhere~'. Sequence reactions were electrophoresed 
on 6% acrylamide/7 M urea thin gels®°. 
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Fig. 2 Screening clones by dideoxythymidine tracks. Haelll 
clones were isolated as described in Fig. 1 legend. Screening using 
dideoxythymidine patterns as characterization*© was on a 6% 
acrylamide/7 M urea thin gel®® electrophoresed at 30 mA for 
1.5h. The 10 clones screened on this gel correspond to the 
following sequences (see Fig. 3): a, positions 1,347 to 1,413; b, 
1,346-1,233; c, 1,346-1,233; d, 1,233-1,346; e, 727-878; f, 
1,233-1,346; g, 710-726; h, 879~ 1,232; i, 710-726; andj, 1,347- 
1,413. Therefore clones a andj are identical, as are g andi. Clones 
b andc contain the same Haelll fragment but the opposite strand 
to clones d and f. 





Table 1 Amino acid composition of the A/PR/8/34 neuraminidase 


yrarrvfiwavmnnanmenbrtinre wan niarra AAAA deri i ave LAL A AAAA AAAA Mined alerted AAAA AAAA AYRE HANS HMA 
LA He MRAM HAHA ALARA rameni 


Amino acid No. Amino acid No. 
Ala (A) 16 Leu (L) 21 
Arg (R) 20 Lys (K) 23 
Asn (N) 5 Met (M) 7 
Asp (D) 25 Phe (F) 16 
Cys (C) 19 Pro (P) 21 
Glu (E) 17 Ser (S) 5] 
Gin (Q) 11 Thr (T) 29 
Gly (G) 44 Ls ae À 
His (H) 10 YU, 

Val (V) 38 


lle (1) 4] 
Total no. amino acids 454 





Hae Wl and Alul shotgun digests, contained an additional 500 
nucleotides of neuraminidase sequence when overlapped by the 
other approaches. 

To extend the 3' sequence, we prepared double-stranded 
cDNA (dsDNA) specific for segment 6, the neuraminidase 
gene? ™™, after first purifying the single-stranded cDNA 
(ssDNA) onan acrylamide gel**. Clones derived from restriction 
digests of this dsDNA (Fig. 1) provided all of the remaining 
sequence of the neuraminidase gene, but not every overlap. The 
in vitro back-copy reaction was greatly facilitated by the use of a 
13-long oligodeoxynucleotide primer** complementary to the 3’ 
termini of the ssDNAs*’, which allowed synthesis of the 
complete sequence corresponding to the 5‘ end of the vRNA. 

The final three overlaps were obtained from the third 
approach, in which restriction fragments derived from the 
replicative form of selected recombinant M13 clones were used 
as primers for dideoxy sequencing on a total vRNA template”’. 

Our approach was such that most sequences were determined 
more than once. As clones were obtained in either orientation in | 
M13, 93% of the neuraminidase gene was determined on both 
strands, and of the remainder, most was sequenced from at least 
two independent clones. A total of 25 clones and three RNA 
primings was used in the complete sequence determination. 

Because no clone is identified before its sequencing, particular 
restriction digests may yield an individual fragment in the same 
orientation in many clones. This problem of redundant 
information, inherent in a ‘shotgun’ strategy, was avoided by 
eliminating excess clones with a rapid characterization” that 
used only one of the four dideoxy tracks of a normal sequence 
reaction. Figure 2 shows the pattern of ‘dideoxythymidine 
tracks’ for one set of Hae IlI fragments derived from band 6 
dsDNA. Such tracks show whether a clone has been obtained 
before and can indicate the length of an insert by inspection of 
the pattern for the M13 bands which follow the insert. 


Nucleotide sequence of the 
neuraminidase gene 


Figure 3 shows the complete sequence of the neuraminidase 
gene as the complementary RNA, corresponding to the 
messenger sense. The sequence is 1,413 nucleotides long, 
including 20 nucleotides 5‘ to the first AUG and 31 nucleotides 
3’ to the last codon. (The actual structure of the mRNA 
produced by the virus has the cap and several nucleotides 
donated by a host mRNA”’ and is an incomplete transcript of 
the VRNA**.) Only one reading frame is open, beginning with 
the AUG at position 21 and terminating at a UAG at position 
1,383; the next in-frame AUG is at position 450 and could code 
for a protein with a molecular weight (MW) of only 34,000 (see 
below). The other two reading frames are blocked by numerous 
termination codons. The predicted protein is co-linear with the 
RNA and occupies 97% of the coding capacity of the gene. 
Whereas band 8 (refs 39, 40) and possibly band 77 (ref. 21) of 
influenza virus code for two proteins, the neuraminidase gene is 
similar to the haemagglutinin gene'®*° in that it codes for a 
single protein. Previous sequencing of the A/PR/8/34 
neuraminidase gene has determined limited sequences at the 3’ 
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Fig. 3 Sequence of the neuraminidase gene in complementary RNA sense. The protein predicted from the sequence is given in the one-letter 
code (see Table 1); amino acid residues are numbered at the far right and potential glycosylation sites are boxed. The N-terminal hydrophobic 
region is shaded, and arrows indicate two possible trypsin cleavage points after this region (see text). 


(ref. 41) and 5' (ref. 42) termini of the vRNA. Our sequence 
differs from these results by only one nucleotide at the 3’ end of 
the vRNA. 

The considerable antigenic variation of the haemagglutinin 
and neuraminidase might be reflected in sequence heterogeneity 
within a strain. Thus a single cloned copy could be derived from 
an RNA segment which is a minor variant in the population. The 
M13 shotgun strategy avoids this problem because an average 
sequence is obtained, reflecting many individual RNA seg- 
ments. We found remarkably little variation in the neuramini- 
dase gene, with only two positions showing nucleotide 
differences (position 66 was an A residue and 769 a G residue, 
each resulting in a conservative amino acid change). However, in 
both cases the sequences from more than one clone were in 
apgreement—only that from a single clone differed. 


Structure of the neuraminidase 


The sequence of the neuraminidase gene codes for a protein of 
454 amino acids (see Table 1), MW 50,087, excluding carbo- 
hydrate. The neuraminidase exists in the viral membrane as a 
tetramer*’; our predicted molecular weight agrees with previous 
estimates of the subunit molecular weight which ranged from 
48,000 to 63,000 (refs 43-45) including 20% carbohydrate*’. 
An amino acid composition of the neuraminidase in A/Bel/42 
(ref. 46), also an N1 strain, correlates reasonably well with the 
composition of the A/PR/8/34 protein. 


Potential carbohydrate attachment sites Asn-X-Ser or Asn- 
X-Thr*’ occur at amino acid positions 44, 58, 73, 121 and 220 
(Fig. 3). In the haemagglutinin (H2N2 A/Japan/305/57), five 
out of six potential sites are glycosylated*’, and only the 
normally unglycosylated Asn-Pro-Ser sequence” is not. Thus it 
is likely that most or all of the neuraminidase potential sites, 
none of which contains proline, has carbohydrate attached by 
N-glycosidic linkage. The amino acid composition (Table 1) 
shows that the neuraminidase is rich in cysteine (19 residues), 
and although evidence suggests that disulphide bonds link 
monomers to form a dimer**, the positions or number of the 
cysteine bridges are not known. 

A Chou-Fasman** prediction of the secondary structure of 
the protein indicates that the molecule is mainly B-sheet, with 
helical potential at amino acid residues 109(Cys)—129(His), 
201(Me)~219(Val) and 235(Leu)~249(Thr). A helix wheel plot“? 
confirms that the second of these three regions is likely to be ana 
helix. Proline residues (21 in all) are scattered throughout the 
molecule, especially at predicted regions of B bend, in contrast 
to the HA, subunit of the haemagglutinin which contains few or 
no proline residues'*~°° and is thought to be highly helical’*. 


Possible membrane attachment site 


The influenza virus neuraminidase is an integral membrane 
protein and can only be released from the viral envelope by 
detergent or protease treatment*’. Previously it was suggested** 
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Fig. 4 Comparison of membrane attachment sites. The N-terminal hydrophobic sequence of the neuraminidase is compared with the 

membrane attachment regions of isomaltase*’, glycophorin**, vesicular stomatitis virus (VSV) glycoprotein? , membrane-bound IgM” and the 

influenza virus haemagglutinin of A/PR/8/34 (unpublished data). The boxed region indicates the uncharged residues thought to span the 
membrane. The sequences have been aligned to show amino acid homology with the neuraminidase. 


that a hydrophobic region was present at either the N- or 
C-terminus because the trypsin-released enzyme is smaller (by 
an estimated MW of 7,000 (ref. 45) or 12,000 (ref. 43)) than that 
derived from SDS disruption of the virion. This hydrophobic 
region would anchor the neuraminidase to the lipid bilayer of 
the virus. An examination of the A/PR/8/34 neuraminidase 
(Fig. 3) shows only one major hydrophobic region, located near 
the N-terminus and extending from amino acid residue 7 to 35. 
Of these 29 residues, 18 are hydrophobic, 11 are neutral and 
none is charged. The first trypsin-sensitive residues following 
this hydrophobic region are at positions 57(Lys) and 63 (Lys), 
and tryptic cleavage at either of these positions would result in a 
loss of MW of ~6,000, which is largely consistent with protein 
chemistry studies***°. A stretch of 16 uncharged amino acid 
residues (420-435) lies near the C-terminus, but of these only 5 
are hydrophobic and seem unlikely to be sufficient for attach- 
ment of an integral membrane protein. Additional evidence 
favouring an N-terminal attachment comes from the finding that 
the small fragment lost on protease isolation of the enzyme from 
B/Lee** or FPV? is rich in carbohydrate. In the A/PR/8/34 
neuraminidase, potential carbohydrate attachment sites near 
the N-terminus occur at residues 44 and 58, and at least the first 
of these sites would be contained within the tryptic peptide 
presumed to be lost. No attachment sites lie within the C- 
terminal half of the molecule. 

This membrane orientation would contrast with that of the 
influenza virus haemagglutinin”, and also of such membrane 
glycoproteins as erythrocyte glycophorin’***, HLA antigens”’, 
membrane-bound immunoglobulin u chains°® and vesicular 
stomatitis virus glycoprotein*’, all of which have C-terminal 
hydrophobic sequences. However, attachment of proteins to 
membranes through a hydrophobic N-terminus does have a 
precedent in the orientation of intestinal brush border amino- 
peptidase** and isomaltase**°°. Figure 4 shows a comparison of 
the N-terminal hydrophobic sequence of the neuraminidase 
with other sequences involved in spanning the lipid bilayer; 
glycophorin shows the greatest sequence homology to the 
neuraminidase but all the sequences are similarly hydrophobic. 

There is no experimental evidence to indicate whether the 
N-terminal hydrophobic sequence of the neuraminidase is a 
‘signal sequence’ which is cleaved off*', or whether it remains 
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attached to the membrane, as has been suggested for the N- 
terminal region of isomaltase’’. However, in the two human 
subtypes, the total conservation of the first 12 amino acid 
residues’*, of which the first six are hydrophilic, suggests that 
these have some critical role, which might be to interact with 
another protein or neuraminidase subunit. (Signal sequences of 
the haemagglutinins, which are cleaved offf, show hydro- 
phobicity”’ but no conservation of amino acid sequence.) We 
suggest that the neuraminidase, like isomaltase, has an ‘exten- 
ded signal sequence’? which both transfers the protein across 
the membrane and remains in the bilayer to anchor the protein, 
with the first six residues protruding into the virion as a hydro- 
philic tail. The signal sequence may not be cleaved because the 
recognition sequence for the signal peptidase is lacking or 
unexposed*’. Such an N-terminal attachment favours a loop 
model®* of protein translocation across a membrane, in which 
the signal sequence inserts into the lipid bilayer as a loop, with 
the first few amino acid residues remaining on the cytoplasmic 
side of the membrane. This hypothesis concerning N-terminal 
attachment of the neuraminidase could be tested directly by 
amino acid sequence analysis of the intact and trypsin-released 
enzyme. 


Concluding remarks 


The sequence of the neuraminidase gene allows us to suggest a 
possible role for a long hydrophobic sequence at the protein’s 
N-terminus, but the regions involved in enzymatic activity and 
antigenicity remain undefined. Future sequences of other 
neuraminidase genes should reveal regions of homology within 
and between subtypes, and thus elucidate the phenomena of 
antigenic drift and shift at the molecular level. A more complete 
understanding of the neuraminidase, however, must await a 
three-dimensional structure of the molecule, which is at the 
preliminary stage for the N2 subtype’. 
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A DNA primase encoded by an Incla plasmid promotes efficient DNA replication in a primase-defective mutant of 
Escherichia coli. This finding implies that the plasmid enzyme can prime discontinuous DNA synthesis of the bacterial 
chromosome. The plasmid gene encodes two large, antigenically related proteins which differ from E. coli primase. 


A CENTRAL feature of DNA replication is the discontinuous 
synthesis of the strand that grows in the overall direction of 3’ to 
5’. DNA polymerases cannot initiate synthesis of the fragments 
involved in the process because these enzymes require the 
3’-OH terminus of an oligonucleotide primer (for review see ref. 
1). During replication of the Escherichia coli chromosome, the 
primer sequences are synthesized by the product of the dnaG 
gene’, called primase*. This 60,000 molecular weight (M,) single 
subunit protein* is thought to act in a multi-enzyme complex 
that includes dnaB product’. Although certain virulent 
bacteriophages are known to encode DNA primases, these 
enzymes act in phage DNA replication in cooperation with 
specific phage DNA polymerases? ”?, 

Conjugative plasmids of the Ia and Iy incompatibility 
groups’", represented by Coll, R64, R144 and R621a, can 
suppress temperature-sensitive dnaG mutations, allowing 
DNA replication and colony formation at high temperature’ t". 
The relevant gene is designated’? sog, conferring a phenotype of 
Sog*. Suppression of dnaG lesions requires derepression of the 
plasmid transfer genes by a drd mutation, implying that the 
physiological role of sog product may be in conjugation. 
Recently, a novel DNA primase has been purified from bacteria 
containing the Incla plasmid R64drd-11 and characterized’*. 
The enzyme has a low template specificity in vitro; it can 
substitute for the activities of dnaB-dnaC-dnaG products, E. 
coli RNA polymerase and dnaG product in priming synthesis of 
DNA complementary to viral strands of phages 0X 174, fd and 
G4, respectively. 

The studies reported here show that the Incla_ plasmid 
product responsible for suppressing bacterial dnaG mutations is 
a DNA primase. This finding implies that the plasmid enzyme 
can substitute for E. coli primase to promote efficient dis- 
continuous synthesis of the bacterial chromosome and indicates 
that primer-generating enzymes other than dnaG protein can 
act in bacterial DNA replication. The approach has involved the 


cloning of the sog gene of Colldrd-] and analysis of proteins 
encoded by the parental and recombinant plasmids. The sog 
gene is shown to encode two antigenically related proteins. 
Primase activity is localized in part of the larger molecule. 





Table 1 Plasmids that suppress dnaG3 specify the la plasmid primase 


DNA 
synthesis 
at 41°C Primase 
Colony (107? c.p.m. activity 
formation per ml per (mU per mg 
Strain 40 °C/30 °C A 45o unit) CCE) 
BW86 <107? 11 ND 
BW86 (pBR325) <10” 16 ND 
BW86 (Coll) 27% 1057 22 1 
BW86 (Colldrd-1) 2.1107" 342 213 
BW86 (pLG215) 1.8x 107° 262 182 
BW86 (pLG214) 1.0 341 221 


Colony formation gives the fractional yield of colonies at the indicated 
temperatures. Overnight cultures in nutrient broth were diluted suitably 
and plated on prewarmed nutrient agar. Thymine (20 pg mi~’) was 
added to all media. DNA synthesis indicates *H-thymine incorporated 
in 60 min at 41°C. Bacteria, growing exponentially in SGC medium 
containing deoxyguanosine and thymine (3 pg ml”')’!, were incubated 
at 41°C for 5 min before addition of *H-thymine to 7.5 pCi ml”? 
(320 mCi mmol™'}. A4sq of cultures was measured at zero time. Primase 
was assayed using bacteria growing exponentially in broth. 210° 
bacteria were gently lysed using the non-ionic detergent Brij 58 in 
conjunction with lysozyme?ć. Following centrifugation (80,000 g, 
30 min), primase activity and protein concentration were measured as 
described previously'*. All liquid media for strains harbouring pBR325, 
pLG214 or pLG215 contained tetracycline (10 pg ml”') and agar 
contained ampicillin (25 pg mi~'). 1 unit of primase incorporated 
1 umol of dTMP in the conditions used. CCE, crude cell extract; ND, 
not detectable. 
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Cloning of the sog gene 


The small multicopy plasmid pBR325 was used as the vector for 
cloning. This plasmid’* carries genes conferring resistance to 
ampicillin (Ap’), tetracycline (Tc’) and chloramphenicol (‘Cm’) 
and contains a single endonuclease EcoRI cleavage site in the 
latter. Fragments of Colldrd-1, generated by EcoRI restriction 
endonuclease, were ligated into this site in pBR325 and the 
DNA was used to transform a temperature-sensitive dnaG3 
mutant (BW86, dnaG3 leu thyA deoB rpsL AchIA-uvrB Coll’; 
ref. 13). Transformants harbouring Sog plasmids could be 
isolated using the following strategy. Ap’ transformants were 
first selected at 30°C and allowed to grow into small colonies, 
when they were replica plated. About 1% of the replicas grew at 
40 °C to give distinct colonies; these were found to contain Sog* 
recombinant plasmids. 

The plasmid (pLG211) in one of these strains was charac- 
terized. Cleavage with EcoRI restriction endonuclease gener- 
ated three DNA fragments with estimated sizes of 5.9 kilobases 
(which corresponds to the vector), 7.9 and 0.27 kilobases. The 
smallest of these DNA fragments was next removed by cleaving 
pLG211 with EcoRI endonuclease followed by ligation to give 
pLG215. The latter plasmid specifies resistance to ampicillin 
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Fig. 1 Map of pLG215 showing the position of the 1.5-kilobase 
deletion mutation present in pLG214. The vector, pBR325, is 
drawn in double lines (0 to 5.9 kilobases). The positions of the Tc’ 
and Ap’ genes are derived from maps of pBR322 and pBR325 
(refs 15, 27). Mapping was carried out by subjecting restriction 
endonuclease-cleaved DNA to electrophoresis in 0.5% or 2% 
agarose gels using procedures similar to those described else- 
where***9 except that double digestions were carried out in 
6.6mM MgCl, 60mM NaCl, 6.6mM 2-mercaptoethanol and 
6.6 mM Tris-HCI (pH 7.4). Molecular weight markers included 
phage A DNA cleaved with EcoRI and HindIII endonucleases in 
single or double digests?’ and Taq Yl-cleaved pBR322 (ref. 31). 
Lengths (kilobases) of DNA fragments in BglII + EcoRI double 
digests were 5.9, 4.4, 3.3 and 0.23. Lengths of DNA fragments 
generated by Bgl H + HindIII endonucleases were 4.9, 4.6 and 4.4 
kilobases. The 4.4-kilobase DNA fragment was replaced by a 
2.9-kilobase fragment in corresponding digests of pLG214. The 
BamHI and SalI cleavage sites were mapped using sizes of frag- 
ments generated in appropriate double digests with HindIII or 
EcoRI endonucleases. Construction of pLG215 is summarized in 
the text. pBR325 was isolated by a cleared lysate method*’, 
Colldrd-1 was purified using a Sarkosyl lysis method’? with the 
modification that DNA in supernatant was concentrated by 
ethanol precipitation following extraction with phenol. Ligations 
were done at 4 °C in 60 mM Tris-HCl (pH 7.4), 10 mM MgCh, 
10 mM dithiothreitol, 0.1 mM ATP, 0.005% gelatin and T4 DNA 
ligase (from Dr Ron Wilson). 
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Fig.2 Electron micrograph of a pLG214/pLG215 heteroduplex 
DNA molecule showing a deletion loop, indicated by the arrow. 
The plasmids were cleaved at the unique HindIII site (Fig. 1) 
before formation of heteroduplexes. The mean fractional length of 
the short arm of 12 molecules was 0.48. The inset shows a 
heteroduplex DNA molecule prepared following digestion of 
pLG214 and pLG215 with EcoRI endonuclease. This digestion 
separates the cloned fragment of Colldrd-1 from the vector (Fig. 
1). The mean fractional length of the short arm of 18 molecules was 
0.22 {s.d. + 3.7%) of the duplex DNA. The estimated length of the 
duplex DNA is 6.4 kilobases, which is the size of the relevant 
EcoRI fragment in pLG214. Molecules were prepared and 
examined using methods described elsewhere”*. 


and to tetracycline but not to chloramphenicol, indicating 
insertion-inactivation of the Cm" gene of pBR325. Plasmid 
pLG215 retains the 7.9-kilobase EcoRI restriction fragment of 
Colldrd-1 which was found to contain two endonuclease BglII 
cleavage sites (Fig. 1). Table 1 shows that the plasmid suppresses 
the dnaG mutation in BW86 as measured by extensive DNA 
synthesis at 41 °C and colony formation at 40 °C. However, by 
both criteria, pLG215 suppressed the dnaG lesion less 
efficiently than Colldrd-1. 

BW86(pLG215) is deficient in accumulating DNA at high 
temperature. This was established by monitoring absorbance 
and trichloroacetic acid (TCA)-precipitable *H-thymine in a 
uniformly labelled culture: following transfer of an exponen- 
tially growing culture from 31 °C to 41 °C, A4sq increased by a 
factor of 7.0 in 120 min at high temperature whereas DNA 
increased by a factor of 3.6. No such disparity was detected at 
31°C. This finding, together with the heterogeneous size of 
colonies formed at 40 °C, suggested that an undefined mutation 
might be necessary to allow BW86 (pL.G215) to form colonies at 
high temperature. Chromosomal mutation is inferred from stu- 
dies with six independently isolated colonies formed at 40 °C. 
The plasmids in these strains appeared identical to pLG215 as 
judged by analysis of EcoRI restriction digests and, following 
reintroduction of the plasmids into BW86, by the ability of the 
resulting transformants to form colonies at 40 °C. Plasmid-free 
segregants of the six original strains were temperature sensitive 
but they acquired a fully thermoresistant phenotype with high 
frequency in a second round of transformation with pLG215. 
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Thus, the strains contain a chromosomal mutation which does 
not revert the dnaG3 lesion but allows efficient colony forma- 
tion at 40°C in the presence of the Sog* plasmid. 

The recloning experiment which generated pLG215 from 
pLG211 gave rise to a BW86 transformant strain that was 
atypical in forming colonies at 40 °C with a frequency of 1. This 
phenotype was determined by a plasmid designated pLG214 
(Table 1). Endonuclease EcoRI cleaved pLG214 to produce 
DNA fragments of 5.9 and 6.4 kilobases, suggesting deletion of 
1.5 kilobases from the segment of Colldrd-1 presentin pLG211 
and pLG215. Endonuclease BglII digests showed that the 
deletion affects the 4.4-kilobase BglII fragment found in 
gpLG2is (Fig. 1). This location was confirmed by analysis of 





fe Fig.4 Glycerol gradient centrifugation of DNA primase specified 
© by pLG214. 47 ug of protein in 0.2 ml of gradient buffer was 
~ layered on a 3.7 ml, 18-43% (wt/vol) glycerol gradient in 20 mM 
a Tris-HCI (pH 7.6), 200 mM NaCl, 1 mM dithiothreitol and 1 mM 
< EDTA. Centrifugation was for 24 h in the Beckman $W-60 rotor 
“@ at 60,000 r.p.m. Sedimentation was from right to left. 173-pl 
, a fractions were assayed for primase activity (shaded histogram). 
q Aliquots (150 pi) were subjected to SDS-gel electrophoresis 
(lower panel). The lane at the right contained 1.9 ug of primase 
J preparation. Yeast alcohol dehydrogenase (ADH, M, 141,000), E. 
coli alkaline phosphatase (AP, M, 80,000), ovalbumin (OVA, M, 
43,000) and lysozyme (LYS, M, 13,970) were run in parallel as 
markers. Primase was purified from BW86 (pL.G214). 280 gof wet 
cell paste in 50 mM Tris-HCl (pH 7.6), 100 mM NaCl and 5% 
sucrose was frozen and thawed and then supplemented with EDTA 
(1 mM), spermidine-3HC1 (5 mM), Brij 58 (0.25%) and lysozyme 
(0.04% } at a final concentration of 1 g cells per 2.5 ml. After 90 min 
at O°C the suspension was centrifuged (90 min, 70,000 g). All 
subsequent buffers were supplemented with 10% glycerol, 1 mM 
EDTA and 1 mM dithiothreitol. Supernatant containing 8.3 g of 
protein was added to a heparin-Sepharose CL6B column and 
eluted by applying a 600 mi gradient of 0.05-1 M NaCl in 20 mM 
Tris-HCI (pH 7.6). Primase activity eluted at 0.5 M NaCl. Active 
fractions (containing 86 mg of protein) were applied to a hy- 
droxyapatite column and protein was eluted by a 300-ml gradient 
of potassium phosphate pH 7.0 (20-400 mM). Enzyme activity 
eluted at 150 mM phosphate. Active fractions (42.5 mg of protein) 
were applied to a phosphocellulose column (Whatman P11) anda 
300-ml 0-0.8 M NaCl gradient was applied which eluted primase 
at 300 mM. After dialysis against buffer A (20 mM Tris-HCI pH 
7,6, 30mM NaCl), 30 ml (8.1 mg of protein) was applied to a 
DEAE-Sephacel column. Primase activity failed to bind and was 
washed off with buffer. This fraction (3.9 mg of protein) was 
applied to a second phosphocellulose column. Active fractions 
were concentrated by dialysis against 20% polyethylene glycol in 
buffer A. Yield was 2.6 mg of protein and 80% of activity. The 
enzyme remains stable at ~20 °C for at least 6 months. 
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Fig. 3 Analysis by SDS-gel electrophoresis of proteins encoded 
by Sog* plasmids. Lanes a-e show a fluorograph of *°S-labelled 
proteins synthesized in minicells containing: a, pBR325; b, 
pLG215; c, pLG214. Lanes e-h show Coomassie blue-stained 
proteins in extracts of: e, BW86 (pLG215); f, BW84 (pLG216); g, 
BW86 (pLG214); h, BW86 (pBR325). Molecular weight stan- 
dards (lane d) are myosin (M, 212,000), E. coli RNA polymerase 
B'-subunit (M, 165,000), 8 -subunit (M, 155,000), e -subunit (M, 
90,000) and a -subunit (M, 39,000). Minicells were purified*> from 
plasmid-containing derivatives of DS410 (ref. 36). Proteins were 
labelled for 90 min at 37°C in M9 minimal medium containing 
$S-methionine (100 pCi m’, 1 Ci mmol!) and Difco 
methionine assay medium (1.6 mg ml"), After a 10-min chase 
with methionine-supplemented broth, minicells were lysed by 
boiling in cracking buffer (62.5 mM Tris-HCI] (pH 6.8), 3% SDS, 
10% glycerol, 5% B-mercaptoethanol). About 150 000 c.p.m. 
were added per slot. Conditions for gel electrophoresis?” and 
fluorography*® have been described. Cell extracts were prepared 
from 1 ml of stationary phase bacteria at A 45, of 1. Cells were lysed 
in 30 wl cracking buffer and the total lysate was added to the slot. 


pLG214/pLG215 heteroduplex DNA molecules which 
demonstrated a deletion loop almost equidistant from the 
termini generated by cleavage of the plasmids at the unique 
HindIII site (Fig. 2), Heteroduplex DNA formed between 
endonuclease EcoRI-cleaved pL.G214 and pLG215 indicated a 
single internal deletion mapping about 1.4 kilobases from the 
nearer junction of the cloned DNA and vector (Fig. 2 inset). 


Sog* recombinant plasmids specify 
DNA primase 


Table 1 shows that bacteria harbouring Sog” recombinant 
plasmids produce DNA primase. The assay measured the ability 


Primase activity (units per fraction) 
Markers (arbitrary units) 
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of crude cell extracts to stimulate conversion of single-stranded 
DNA of phage fd to duplex replicative form in a receptor extract 
containing rifampicin’. The antibiotic was added to inhibit 
RNA polymerase, the enzyme naturally required for priming 
DNA synthesis on viral strands of phage fd'*. A 200-fold higher 
activity was detected in Coll-containing strains when the plas- 
mid carried the drd mutation. This correlates with the require- 
ment for adrd mutation in plasmid-mediated suppression of the 
dnaG lesion. Sog* recombinant plasmids pLG214 and pLG215 
directed synthesis of similar high activities of the primase, 
indicating that the gene specifying the enzyme is in the same 
EcoRI fragment of Colldrd-1 as the gene that causes suppres- 
sion of dnaG mutations. 


Polypeptides encoded by Sog“ plasmids 


Plasmids pLG214 and pLG215 segregate into chromosomeless 
minicells, providing a system for identification of polypeptides 
encoded by the cloned fragment of Colldrd-1 that contains the 
sog gene. Comparison of *’S-methionine-labelled proteins 
synthesized in pBR325- and pLG215-containing minicells (Fig. 
3, lanes a, b) shows that the 7.9-kilobase EcoRI restriction 
fragment of Colldrd-1 encodes two polypeptides of M, 240,000 
and 180,000. Assuming these to be encoded totally by the Coll 
component of the recombinant plasmid, coding sequences 
comprising about 0.82 and 0.62 of the DNA, respectively, will 
be required. The sum of these values implies that the genetic 
determinants of the two polypeptides share common nucleo- 
tides. Lane c indicates that the 6.4-kilobase deletant fragment of 
Colldrd-1 in pLG214 encodes two smaller polypeptides of M, 
87,000 and 42,000. 

The 240,000 M, protein was also detected in extracts of cells 
carrying pLG215 or Colldrd-1 but not pLG214, pBR325 or 
Coil. Representative results are in Fig. 3, lanes e, g and h. The 
protein is the largest of the species that stain with Coomassie 
blue. Lane f contains an extract of BW84 (pLG216). BW84 is 
the uvrB*-chlA* parent? of BW86 and pLG216 is a Sog* 
plasmid identified after in vitro mutagenesis of pL.G211 with 
hydroxylamine'’. The strain was fortuitously isolated during the 
screening of extracts of appropriate Ap’ BW84 transformants 
for primase activity. It has the advantage of producing about five 
times more plasmid primase activity than bacteria harbouring 
Colldrd-f or pLG215; it also overproduces the 240.000 M, 
protein. 


Purification of a DNA primase and antigenic 
relationship of polypeptides 


A plasmid DNA primase was purified from BW86 (pLG214) 
using the procedure given in Fig. 4 legend. Chromatography on 
heparin~Sepharose was very useful because it allowed a 100- 
fold purification of enzyme in the first step starting with a crude 
cell extract. The preparation of DNA primase contained one 
major protein of M, 87,000 which co-sedimented with enzyme 
activity through a glycerol gradient (Fig. 4). Its sedimentation 
coefficient was calculated to be 4.2S, indicating that it functions 
as a single subunit protein. This DNA primase is assumed to be 
the larger of the two polypeptides detected in pLG214-contain- 
ing minicells (Fig. 3, lane c). 

Using antiserum raised against this DNA primase prepara- 
tion, immunological studies indicated an antigenic relationship 
between the two polypeptides encoded by the fragment of 
Colldrd-1 present in pLG215 and the smaller pair of proteins 
specified by pLG214. The procedure, adapted from that of 
Towbin et al.'", involved separation of proteins in crude cell 
extracts by SDS-gel electrophoresis followed by their elec- 
trophoretic transfer to a nitrocellulose sheet. The resulting blot 
was incubated first with antiserum raised"? in a rabbit against the 
pLG214-specified primase and then with fluorescein-con- 
jugated goat anti-rabbit immunoglobulins to detect bound 
antibody. 

Figure 5, lanes c and d, show that antiserum reacted with two 
polypeptides of M, 240,000 and 180,000 in extracts of bacteria 
harbouring pLG216 or pLG215. In the case of BW84 


42,000 — 


a b c de f 





Fig. 5 Immunological analysis of proteins encoded by Sog’ 
plasmids. Crude cell extracts were prepared and separated on an 
SDS-polyacrylamide gel, as described in Fig. 3 legend. Proteins 
were transferred electrophoretically to a nitrocellulose membrane 
and reacted with antiserum as described elsewhere’*®. Antiserum 
against purified pL.G214-specified DNA primase was applied in a 
1:150 dilution. Fluorescein-conjugated goat anti-rabbit IgG were 
diluted 1:50. Lane a, BW86 (pBR325); b, BW86 (Colldrd-1): 
c, BW84 (pLG216), d, BW86 (pLG215); e, BW86 (pLG214): 
f, DNA primase purified from BW86 (pLG214). Migration of 
molecular weight standards, given under Fig. 3, is shown on the 
right margin. 


(pLG2 16), the strain that overproduces plasmid primase, a third 
immunogen (M, 168,000) was also apparent (lane c). The 
significance of this protein has not been established. Lane e 
shows that BW86 (pLG214) contains two smaller immunogens 
(M, 87,000 and 42,000). Only the larger, assumed to be the 
DNA primase, was present in the antigen (lane f). Preimmune 
serum was unreactive. Two observations suggest that these 
polypeptides are encoded solely by the cloned fragment of 
Colldrd-1 and are not products of fused cloned and vector 
DNA. First, antiserum did not react with protein in an extract of 
cells harbouring pBR325 (lane a). Second, the 240,000 and 
180,000 M, polypeptides are indistinguishable by size from a 
pair of polypeptides detected in bacteria containing the parental 
plasmid, Colldrd-i (ane 6). 

Antiserum, but not preimmune serum, inhibited the ability of 
crude extracts of BW86 containing either Colldrd-1 or pLG215 
to promote DNA synthesis on viral strands of phage fd (data not 
shown). Thus, the primase encoded by these plasmids is struc- 
turally related to the 87,000 M, primase of pLG214, the 
antigen. Similarly, antiserum blocked activity of the primase 
specified by two other Incla plasmids, R144drd-3 and R64drd- 
11, and the Incly plasmid, R621a. In contrast, the antibodies 
failed to inhibit DNA synthesis on viral strands of phages 
®X174 and G4 in an ammonium sulphate fraction'* of dna* 
cells (data not shown). Thus, the DNA primases encoded by 
Incla plasmids are antigenically unrelated to the E. coli enzyme. 


Products of the sog gene 


The following hypothesis is proposed to explain the protein 
relationships. The sog gene encodes a pair of sequence-related 
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polypeptides of apparent molecular weight 240,000 and 
180,000. The deletion mutation in pLG214 disrupts synthesis of 
the C-terminal segments giving a pair of truncated polypeptides 
(M, 87,000 and 42,000). The smaller protein in each pair may be 
a processed product of the larger or may be generated from a 
second translational start within the sog gene without a change 
in reading frame. The latter possibility, for which gene A of 
X174 is a precedent’, is favoured by the properties of two 
Sog`, primase-defective, amber mutants of pLG211; these 
specify synthesis of the 180,000 M, protein but not the 240,000 
M, protein (to be published). It is proposed that DNA primase 
activity requires part of the N-terminal sequence of the 240,000 
and 87,000 M, proteins. This is consistent with the properties of 
the amber mutants and the finding that the 87,000 M, protein, 
but not the 42,000 M, protein, purified as a DNA primase. 
Furthermore, primase activity in vitro has been detected in a 
partially purified preparation of the 240,000 M, polypeptide (in 
preparation). 


Suppression and DNA primase 


The deletion in pLG214 enhances the efficiency of suppression 
of the dnaG3 mutation and generates a truncated protein that 
purifies as a DNA primase. We therefore conclude that plasmid 
primase is the enzyme responsible for suppression. The enzyme 
is distinguishable from dnaG protein on the basis of molecular 
weight, antigenic determinants and product of reaction; in vitro 
it directs synthesis of a primer that contains cytidine or cytidine 
5'-monophosphate at the 5’ terminus (E.L., in preparation) and 
not an adenosine nucleotide as in the primer synthesized by 
dnaG protein. Thus, the phenomenon of suppression reflects 
the substitution of an unrelated plasmid enzyme for E. coli 
primase in the discontinuous synthesis of bacterial DNA and any 
primase-dependent event that may occur at the origin of DNA 
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replication. The plasmid primase can also substitute in vive 
during replication of phage A DNA (unpublished data) and of 
ColEl-type replicons like the recombinant plasmids used here. 
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for their ability to use a large variety of templates'*. IncP 
plasmids, represented by RP4, also specify a DNA primase 
active in the assay reported here (E.L., unpublished data). This 
enzyme may also have the potential to act in bacterial DNA 
replication because derivatives of another IncP plasmid, 
R68-45, can suppress the dnaG3 mutation”. 

Incla plasmid primase seems to cooperate with DNA poly- 
merase HI holoenzyme. Extension of primers in vitro requires 
DNA polymerase III and the dnaZ protein'*, which is a 
component of the holoenzyme’. In vivo, bacterial DNA repli- 
cation in the dnaZ mutant, AX727, remains temperature 
sensitive in the presence of Colldrd-1 (unpublished data). 
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possibly, unwinding of the DNA helix”. 
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The E. coli B-lactamase attenuator mediates 
growth rate-dependent regulation 
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We have identified a new control or attenuator region in the chromosomal B-lactamase operon of Escherichia coli. A single 
base alteration within this attenuator led to a loss in the cell’s ability to coordinate its content of B-lactamase with growth 
rate. We suggest a mechanism through which this mode of regulation operates. 





MOST of the more abundant E. coli proteins increase in specific 
amounts with increasing growth rates’. This group of proteins 
includes ribosomal proteins, elongation factors, aminoacy] 
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tRNA synthetases and subunits of RNA polymerase. Also, the 
amount of rRNA and tRNA increases coordinately with growth 
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Fig.1 Relative amount of £-lactamase at different growth rates at 37 °C in 
E. coli Ki2 strains LASI (ampP15G16} and TE18 (ampP15G16, 
ampL35A). The relative amount of B-lactamase per total protein was 
determined with rocket immunoelectrophoresis as previously described? 
and plotted as a function of the first-order constant for growth (X), as 
calculated from the expression k = In 2/mass doubling time in hours. The 
media used were as follows: medium E+ glycerol, medium E + glucose, 
medium E + glucose + casamino acids, and LB medium>. 


proposed to explain the positive correlation between the 
production of these components of the translation machinery 
and growth rate’. 

The relative amount of chromosomally encoded B-lactamase 
of E. coli K12 also increases with growth rate’. This periplasmic 
enzyme hydrolyses the B-lactam ring of both cephalosporins and 
penicillins including ampicillin. Its structural gene, ampC, has 
been located at 93.8 min on the E. coli linkage map*. The strict 
linear relationship between B-lactamase production and ampi- 
cillin resistance enables one to isolate mutants with altered 
production of B-lactamase by selecting on plates containing 
different concentrations of ampicillin*®. 

Ampicillin-resistant mutants have been found to carry either 
cis-dominant mutations in a control sequence region denoted 
ampA that is adjacent to ampC°, or multiple tandem repeats of 
DNA segments encoding the structural gene’. The regulatory 
region ampA, as well as the structural gene ampC, have been 
cloned on a ColE1 hybrid plasmid and by further subcloning 
localized to a 1,370-base pair DNA segment’. 

We describe here the sequence and structure of the control 
region for the B-lactamase gene, ampC, in wild-type E. coli and 
two regulatory mutants, and suggest a mechanism whereby the 
control region regulates transcription in response to the quantity 
of ribosomes per cell. 


A mutation in the control region abolishes 
the positive correlation between 
f-lactamase production and growth rate 


Strain LAS is wild type for B-lactamase production. The 
concentration of ampicillin on broth plates required to kill 50% 
of the applied wild-type cells (LDso) is 1 ug ml”. Strain LAS 1 is 
an ampicillin-resistant transductant of strain LAS (ref. 4). It 
shows an LD, value of 15 ug m!~! of ampicillin, and a cor- 
responding 15-fold increase in B-lactamase production. This 
Strain carries a cis-dominant regulatory mutation denoted 
ampAl (ref. 4), which we have recently localized within a 
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370-base pair DNA segment adjacent to ampC*. From strain 
LA51, spontaneous mutants with a further increase in ampicillin 
resistance have been isolated’, one of which, TE18, exhibiting 
an ampicillin resistance of 62 pg ml”! (LD.,), carries a second 
mutation in the same 370-base pair regulatory region for ampC. 

We have previously demonstrated that the specific amounts of 
B-lactamase produced both in the wild-type strain LAS and in 
the mutant strain LA51 increase proportionally with growth 
rate’. In contrast, when the growth rate responses of the mutant 
strains LA51 and TE18 were compared (Fig. 1) it was evident 
that the growth rate-dependent regulation of B-lactamase had 
been abolished in the double mutant TE18. Thus, the level of 
B-lactamase in strain TE18 was much higher than that of LA51, 
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Fig. 2 A, restriction map of the amp region and sequencing strategy. The 
dashed line designates the insertion point of the transposable element -yé 
(ref. 6). The box indicates the position of the structural gene, ampC. The 
direction of sequencing from the 5’ and 3’ ends of DNA cut with Aval(Smal) 
is indicated by arrows. The 1.5-kilobase Xhol-Sacll fragments from plas- 
mids pNU6, pNU28 and pNU35 were prepared from polyacrylamide gels?! 
and cleaved with Aval. For the S'-end labelling, 5-30 pmol of 5' ends were 
incubated in 10 yl of 50 mM Tris-HCl, pH 8.0, with 0.03 units of bacterial 
alkaline phosphatase at 45 °C for 30 min. 1 pl of 50 mM EGTA was added 
and the solution was heated at 65°C for 15 min. 150 pCi vacuum-dried 
Ly-**P]ATP (>5,000 Ci mmol™!, Radiochemicals) was dissolved in 9 ul of 
H,O and transferred to the DNA mixture. 2.5 ul of 0.5 M Tris-HCl, pH 7.6, 
0.1 M MgCl,, 50 mM dithiothreitol (DTT), 1 mM spermidine, | mM EDTA 
were added and the reaction mixture incubated with 5 units of T4 poly- 
nucleotide kinase (Biolabs) at 37 °C for 25 min. After one phenol extraction, 
labelled DNA was isolated by gel filtration on a Sephadex G-100 column. 
The 3'-end labelling was in principal as described by Schwartz et al.22. 
However, [a-**P]dCTP (Radiochemicals) was used, followed by a chase for 
10 min at 25°C with 0.05 mM of cold dCTP. The labelled fragments were 
cleaved with Bst NI (cleaves 625 base pairs to the right of the SacI] cut). The 
Aval-BstNI fragments were purified from polyacrylamide gels*? and sub- 
jected to the nucleotide sequencing procedure described by Maxam and 
Gilbert**. The degradation products were separated on 0.5-mm thick 8% 
and 20% sequencing gels with subsequent autoradiography at ~20°C. B, 
nucleotide sequence of the control region and the N-terminal part of ampC. 
Start of transcription is marked by +1 and the wavy arrow. The major and 
minor termination points of the short transcript are indicated by vertical 
solid and dashed arrows, respectively. The stem and loop structure is marked 
by horizontal arrows and stippled boxes. Solid lines designate possible base 
pairing with the 3‘ end of 16S RNA!®, Met and Och designate initiation 
codon (methionine) and stop coden (ochre), respectively. The limit between 
the presumed signal peptide and the mature §-lactamase is marked by the 
vertical dashed line. The positions of the G -C insertion in ampPI5G16 and 
the A'T transversion in ampL.3SA are represented by vertical arrows. The 
~35 and -10 promotor regions are marked by stippled boxes. 
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and it did not change when the steady-state growth rate was 
varied by a factor of three. 


Establishment of the DNA sequences in the 
wild-type and regulatory mutants 


Plasmid pNU6 is a pBR322 derivative which carries the ampC 
gene and the wild-type regulatory region. Plasmids pNU28 and 
pNU35 carry ampC and the mutated control regions of strains 
LAS1 and TE18, respectively®. Figure 2A shows a restriction 
map of a 2.5-kilobase DNA segment containing the B-lactamase 
gene. We have previously located the regulatory mutations of 
LAS1 and TE18 between the Xhol site and the insertion point 
for the transposable element -yô (ref. 6) as shown in Fig. 2A. 
The nucleotide sequences from the Aval (Smal) site towards the 
Sacll site were obtained by both 5'- and 3’-end-labelling and are 
presented in Fig. 2B. This stretch of DNA was sequenced from 
plasmids pNU6, pNU28 and pNU35. To localize the beginning 
of the coding region for ampC, the order of the 12 N-terminal 
amino acids of purified chromosomal B-lactamase was deter- 
mined by Edman degradation (manuscript in preparation). 
There was perfect correspondence with the codons from base 
pairs +117 to +152. The nearest predicted translation start 
sequence appeared 19 codons before that for the N-terminal 
amino acid (alanine) of the purified enzyme. These data are 
consistent with the interpretation that the translational product 
of ampC carries a 19-amino acid N-terminal extension. This 
stretch of amino acids has all the common structural features of a 
signal peptide®. 

Upstream of the transcriptional start base (+1, see below), 
sequences at nucleotide positions — 13 to —8 (-TACAAT-.) and 
—35 to —30 (-TTGTCA-) both show extensive homologies with 
the conserved —10 and —35 regions of prokaryotic promotors”. 
Also, the sequences between and surrounding these regions 
show homology with known promotor sequences. When the 
DNA sequence of the same segment as in pNU6 was determined 
with the mutant plasmid pNU28, the only difference from the 
wild type was an insertion of a G - C base pair between positions 
-16 and —15 (Fig. 2B). Thus, this mutation, denoted 
ampP15G16 (previously ampA1), which causes a 15-fold 
increase in B-lactamase synthesis, was located in the presumed 
amp promoter between the conserved —35 and —10 regions. 

In the wild-type plasmid pNU6 and in plasmid pNU28, we 
find a 9-base pair long, exclusively G++C-containing, dyad 
symmetry sequence at nucleotide positions +17 to +25 and +29 
to +37. This symmetrical DNA sequence is followed by a stretch 
of four T residues on the noncoding strand. Many terminators 
for the E. coli RNA polymerase have similar sequence fea- 
tures'’. Plasmid pNU35, carrying the ampC region of strain 
TE18, contained in addition to the mutation ampP15G16, a 
C-G to A-T transversion at position +35 (Fig. 2B). This amp 
leader mutation, denoted ampL35A, has occurred within the 
postulated terminator sequence. 


In vitro transcription from DNA segments 


carrying a wild-type 

or a mutated regulatory region 

The 1.5-kilobase SacII-XhoI DNA fragment which carries the 
entire sequenced region shown in Fig. 2B, was isolated from 
plasmids pNU6, pNU28 and pNU35 and added individually to 
an in vitro transcription system. The results are shown in Fig. 
3A. From the pNU6 fragment that carries the wild-type regula- 
tory sequence, both a long and a short [a-**P]CTP-labelled 
transcript were obtained (L and S in Fig. 3A). The distance from 
the initiation site for transcription (see below) to the Xhol end of 
the SaclI—Xhol fragment is ~340 base pairs. The long transcript 
is approximately this length and therefore probably represents a 
run-off transcript. Furthermore, when the DNA fragment was 
cleaved at the Aval (Smal) site located 161 base pairs from the 
Xhol site, the 340-base pair long transcript was not found. 


Instead, as expected, a new transcript (~180 bases long) 
appeared (data not known). The short transcript (S in Fig. 3A) 
was shown by RNA sequencing analysis to be 41 bases long (see 
below), The DNA sequence (Fig. 2B and data not shown) 
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Fig.3 Invitro transcription and RNA sequencing of the amp leader region. 
A shows transcripts obtained from the 1.5-kilobase Xhol-SacII fragments 
(see Fig. 2A) carrying different amp alleles. The in vitro transcription 
reactions contained 0.25 ug of the DNA fragment, 2 units of RNA poly- 
merase (Boehringer Mannheim), 100 pM each of GTP, UTP and ATP, 
10 uM [a-*"P]CTP (1.5 Ci mmol~') and RNA polymerase binding buffer 
(5% glycerol, 20 mM Tris-HCI pH 8.0, 10 mM MgCl,, 0.1 mM EDTA, 
0.1 mM DTT and 120 mM KCI) in a total volume of 20 ul. After 10 min 
incubation at 37°C, 8yl of formamide-buffer electrophoresis dyes™ 
supplemented with 0.4 pg tRNA were added, and the samples were lyo- 
philized to 8 l volume. A 6% acrylamide: bis (30: 1) gel with 8 M urea was 
run™ and autoradiographed overnight. The position of a 108-base transcript 
from ColE 1?* is indicated. L and S indicate long (340 bases) and short (41 
bases) transcripts, respectively. The sources of the DNA fragments used 
were pNU6 (ampP*, ampL *) (lane a), pNU28 (ampP15G16, ampL*) (lane 
b) and pNU35 (ampPI1SG16, ampL3SA) (lane c). B and C show 
autoradiographs of RNA sequencing gels of the long and short transcripts, 
respectively. The 5'-end-labelled transcripts were synthesized in RNA 
polymerase binding buffer supplemented with 150 uM CTP and UTP, 
40 1M GTP, 404M [y-"*PJATP (100 Ci mmol™') and 10 units RNA 
polymerase in a total volume of 100 pl. The long transcript was synthesized 
with 2.2 ug of the 1.3-kilobase Smal-Sacll fragment from pNU35 as 
template, and the short transcript with 1.25 ug of the 1.5-kilobase Xhol- 
Sacll fragment from pNU28. After incubation at 37°C for 15 min, the 
samples were treated as above except that the gel contained 8% acrylamide. 
The transcripts were isolated by the method of Maxam and Gilbert’ and the 
RNA sequencing reactions were as described by Krupp and Gross**. All 
reactions were done with 4 pg of carrier tRNA. The G+A+U reactions 
were carried out with 5 and 50 ug of Neurospora endonuclease, respectively, 
the A reactions with 0,05 and 0.5 units of RNase U,, respectively, and the G 
reactions with | and 10 units of RNase T,, respectively. H* indicates 
controlled partial acid hydrolysis giving labelled mRNA of all sizes. L and S 
indicate untreated long and short transcripts, respectively. The position of 
the orange G and bromophenol blue markers which migrate with 2 and 6 
bases length, respectively”, on the 25% polyacrylamide-urea gels used is 
marked OrG and BPB. Note that due to the absence of a phosphate at their 
3' ends, oligonucleotides produced by Neurospora nuclease move more 
slowly in the gel?*. These bands have been connected with the corresponding 
bands from the other reactions. The sequence of the transcripts is indicated 
between B and C. P indicates positions where the transcripts due to their 
secondary structure are protected from the action of the enzymes. D is an 
autoradiograph of a part of an 8% polyacrylamide gel, showing the sequence 
of the long transcript around the termination point of the short transcript. 
Note that in contrast to the transcripts, the labelled oligonucleotide 
degradation products have a phosphate at their 3’ end. Consequently, when 
interpreting D it must be remembered that the untreated ladder is displaced 
upwards by about half a nucleotide unit. Most of the short transcripts 
terminate at base 41 of the long transcript with minor termination at base 43. 
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Fig. 4 Expression of -lactamase in a coupled in vitro transcription- 
translation system. The system is originally derived from Zubay?’, and 
modified by Johnsen** and Collins**. The polypeptides were separated on a 
10-17.5% gradient polyacrylamide gel as previously described®. The gel was 
fluorographed using En*hance (NEN). The plasmids used were: a, pBR322; 
b, pNU6; c, pNU28; d, pNU35; e, no plasmid DNA added. The 36K and 
38K proteins which represent mature B-lactamase and presumed precursor 
B-lactamase, respectively, are marked by arrows, 


reveals that the long transcript contains seven times as many C 
residues as the short one. Taking this into account, and with the 
relative band intensities obtained by scanning of the autoradio- 
graphs, we conclude that the short transcript is reproducibly 
about 15 times more abundant than the longer one. 

In vitro transcription with the same amount of the analogous 
DNA fragment from pNU28 (carrying the ampP15G16 muta- 
tion) resulted in an increase in the synthesis of both the long and 
the short transcripts (Fig. 3A, lane b). This contrasts with the 
result obtained when the corresponding SacII—Xhol fragment 
from pNU35 (carrying both the ampP1I5G16 and ampL35A 
mutations) (lane c) was transcribed; no synthesis of the short 
41-base transcript was observed. Moreover, the amount of the 
long run-off transcript was increased. The loss of the short 
transcript associated with an increase in the amount of the long 
run-off transcript suggests that the second mutation in TE18, 
ampL35A, abolishes termination in the amp leader region. 


Localization of initiation and termination 
points for transcription 


The initiation nucleotide in vitro of B-lactamase mRNA was 
determined by transcription using 10 uM of one nucleotide 
triphosphate (NTP) and 150 uM of the other three NTPs. 
Synthesis of B-lactamase transcripts was severely inhibited by 
ATP limitation but not by limitation of any of the other three 
NTPs (data not shown). This suggests that A is the 5‘ nucleotide. 
The long run-off transcript and the short transcript were labelled 


using [y-**P]ATP, and subjected to RNA sequencing by partial 
enzymatic degradation (Fig. 3B, C). The first 16 nucleotides in 
the two transcripts were identical and homologous to the DNA 
sequence from bases +1 to +16. This shows that the A at +1 is 
the start base for both these mRNAs and confirms the position 
for the B-lactamase promotor. The nucleotides in the RNA 
sequence between positions 17 and 37 except for the A and U 
residues at positions 27 and 28, respectively, were protected 
against enzymatic cleavage. As the enzymes used are specific for 
single-stranded RNA"’, this finding implicates the existence of a 
9-base pair RNA stem with a 3-base loop at positions 26-28. 
The point of termination of the short transcript was determined 
by comparing the length of non-degraded short transcript with 
that of enzymatically degraded long transcript (Fig. 3D). At 
least 99% of the short transcript ended with the U at position 41. 
A minor fraction terminated two nucleotides later. 


Expression of the amp operon in a coupled 
in vitro transcription—translation system 


When DNA from plasmids pNU6, pNU28 and pNU35 were 
added to a coupled transcription-translation system a protein 
with an apparent molecular weight (MW) of 38,000 (38K) was 
produced. The relative production of this protein from the 
respective plasmids was ~1:15:60 (Fig. 4). Purified £- 
lactamase migrates with an apparent MW of 36K. A faint band 
appeared at this position in the gel when plasmid pNU6 was 
used. In the mutants the corresponding protein band was more 
intense. We suggest that the 38K protein observed is the pre- 
cursor form of the E. coli chromosomal B-lactamase postulated 
on the basis of the DNA sequence. The uppermost band with an 
apparent MW of 56K also increased in intensity in the 
mutants—the nature of this band is not known. 

The fourfold difference between plasmid pNU28 and pNU35 
in production of the pre-B$-lactamase in the coupled tran- 
scription-translation system, corresponds to the fourfold 
differences in steady-state levels of B-lactamase found in vivo. 
On the other hand, in the in vitro transcription system the 
difference in transcriptional readthrough was about 16-fold. 
This suggests that a factor(s) present in vivo and in the coupled 
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Fig. 5 A model for growth rate-dependent attenuation of transcription. 

The stippled area represents a ribosome. The symbols are the same as in Fig. 

2B. A, terminated transcript; B, hypothetical protection by the ribosome 

preventing formation of the termination stem, leading to readthrough (see 
text for discussion). 
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system increases the transcriptional readthrough about fourfold 
compared with a pure in vitro transcription system. 


Features of the B-lactamase attenuator 


One of our major conclusions is that the amp operon contains 
within its leader region a site for termination of transcription 
that is recognized by the E. coli RNA polymerase in vitro. 
Factors such as the rho protein’? are not required for efficient 
termination in vitro at this site. However, we do not know 
whether the rho protein has any effect in the in vivo situation. 
On the other hand, the terminator in the amp leader has a 
structure similar to those of sequenced rho-independent 
terminators’®. 

The base pair substitution ampL35A occurred 7 base pairs 
upstream from the major termination site and within the 9-base 
pair symmetrical DNA sequence (Fig. 2B). From both ther- 
modynamic considerations and the relative susceptibility to 
enzymatic cleavage, we suggest that the leader RNA transcript 
forms a secondary structure with a 9-base pair G < C-containing 
stem and a 3-base loop (Fig. 5A). The ampL35A mutation 
decreases the thermodynamic stability of such an RNA stem 
from a AG value of —29.4 kcal to — 17.4 kcal (ref. 13). Termina- 
tion of transcription in vitro decreases to less than 1% in 
template with the ampL35A mutation. It seems likely that the 
terminator in the amp leader also operates in vivo, because 
B-lactamase synthesis at the maximal growth rate is roughly four 
times higher in the ampL35A-carrying mutant strain, TE18, 
than in its parent strain, LAS1. 


Growth rate-dependent regulation of ampC 
is exerted at the level of anti-termination 


In the irp, phe, his, leu, ilv and thr biosynthetic operons, a 
potential coding region for a short leader peptide precedes a 
terminator'*”"*. In each case, the leader peptide contains 
‘regulatory’ codons for the amino acids that regulate the operon. 
In the model originally put forward by Lee and Yanofsky’’ it is 
proposed that synthesis of the leader peptide is involved in the 
regulation of transcription termination at the attenuator. This 
regulation depends on the formation of mutually exclusive RNA 
secondary structures. Ribosomes translating the entire coding 
region would permit formation of the terminator secondary 
stem and loop structure, whereas ribosomes slowed down at the 
‘regulatory’ codons, due to a deficiency in the concentration of 
the charged cognate tRNA, would favour formation of an 
alternative structure and thereby preclude formation of the 
terminator structure. 

The 41-base long amp leader transcript is considerably shor- 
ter than other known leader transcripts and has no potential 
coding region for a leader peptide. Moreover, the amp leader 
RNA cannot form any alternative secondary structure that 
precludes formation of the terminator stem and loop. However, 
examination of the RNA sequence reveals that the first three 
bases are complementary to a sequence near the 3’ end of 16S 
TRNA (ref. 18). Furthermore, bases 8-13 consist of an initiation 
codon (AUG) that is followed directly by an ochre stop codon 
(UAA). Thus, the amp leader RNA has a potential ribosome 
binding site and may form a translation initiation complex. Our 
major concerns are whether or not this potential ribosome 
binding site is used and whether it could have a regulatory effect 
on the termination of transcription. A ribosome stalled at the 
stop codon would protect ~ 12 bases downstream’’. As shown in 
Fig. 5B this could prevent formation of the termination stem 
and loop structure. 

Expression from the amp operon is positively correlated with 
the steady-state growth rate. In theory, this growth rate- 
dependent regulation could occur at the level of initiation or 





termination of transcription or both. The ampP15G16 mutation 
increases transcription initiation in vitro by a factor of 15 
without significantly affecting the degree of transcription 
termination. As this up-promotor mutation did not affect the 
growth rate-dependent expression of ampC we find it unlikely 
that the amp promotor participates in this regulation. 

In the double mutant, TE18, expression of ampC has become 
independent of the growth rate. This fact, together with the 
observation that the mutation ampL3SA abolishes termination 
of transcription in vitro at the amp attenuator, suggests that the 
growth rate-dependent regulation of the amp operon is exerted 
at the level of anti-termination. The anti-termination factor in 
our system is not known. We hypothesize that ribosome binding 
at the amp leader RNA has a regulatory role. The number of 
ribosomes per cell mass increases, over a broad range, propor- 
tionally with growth rate’. If binding of ribosomes to the amp 
leader region is proportional to the cellular concentration of 
ribosomes, the degree of anti-termination would increase pro- 
portionally with growth rate. 

Many proteins exhibit the same growth rate-dependent 
regulation as the chromosomal B-lactamase. For many operons 
this mode of regulation might also be exerted at the level of 
anti-termination. Terminator-like sequences have been found 
in the leader DNA of the rpsE and rpsL operons. From the rpsL 
operon, a short transcript has been obtained”? which suggests 
that termination can at least occur in vitro. It is, however, not 
known if these possible terminator sequences are involved in the 
regulation of the operons. | 

The regulatory region of ampC consists of two control 
regions, a promotor and an attenuator. The up-promotor muta- 
tion described here changes the distance between the two 
conserved regions in the promotor. Possibly this is of importance 
for eficient RNA polymerase recognition. Because of the ease 
with which one can isolate and analyse mutations in the regula- 
tory regions of the amp operon, this system can be used to 
increase our understanding of the functions of promotors and 
attenuators. 
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IUE detection of bursts | 
of H LYq@ emission from Saturn 


J. T. Clarke*, H. W. Moos*§, S. K. Atreyat 
& A. L. Lanet 
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An extended source of H Lya emission (1,216 A) from the 
vicinity of Saturn has been detected previously by a rocket- 
borne spectrometer’, the OAO-Copernicus satellite’, and the 
Pioneer 11 spacecraft’. During the rocket experiment, in which 
Saturn was observed on 15 March 1975, 700 Rt50% of Lya 
emission was detected from the planet and an additional 
200 R£50% from a 53 arcs diameter circular area centred on 
the planet. This additional emission was believed to emanate 
from the ring system. The Copernicus observations, carried out 
in April 1976 and April 1977, yielded Lya intensities of 
1.40£0.45 kR for the saturnian disk, <100 R for the rings, and 
200+100 R for Titan’s torus. During the Pioneer 11 Saturn 
flyby in August-September 1979, the long-wavelength channel 
UV photometer detected emissions from the planet, the vicinity 
of the rings, and the orbital path of Titan; these emissions were 
interpreted as resonant scattering of solar Lya radiation by H 
atoms and possibly auroral Lya emission from the planet. 
Several mechanisms for producing H atoms outside of Saturn’s 
atmosphere have been proposed, including sputtering of water 
ice from the rings by magnetospheric charged particles’, ‘photo- 
sputtering’ of the ring water ice by solar UV radiation’, and 
escape of H atoms from Titan’s atmosphere“. A more recent 
suggestion is the possible impact on the rings and subsequent 
neutralization of the protons from an extended saturnian iono- 
sphere’*. We report here a new investigation of these potential 
sources of Lya@ emission in a series of observations of the 
saturnian system carried out between January and July 1980 
using the short wavelength (SWP) spectrograph of the IUE 
Observatory’*. North-south maps of the Lya emission across 
the planet disk have shown pronounced spatial asymmetries in 
emission brightness. These asymmetries vary markedly on a 
time scale of days and are interpreted as bursts of Lya emission 
of as much as 1 kR brightness averaged over a 6 x 10 arc s area, 
above a constant planetary emission level of 700-800 R. In fact, 
the Lya emission peaks appear as essentially point source 
features in these data: if the emitting region is smaller than the 
6 x 10 arc s instrumental resolution, the surface brightness must 
be proportionally higher. 

Spatial imaging with the IUE has been accomplished bothina 
series of exposures of different regions of the saturnian system 
and by sampling within the field-of-view of the large spec- 
trograph entrance aperture in single exposures. The image of the 
field-of-view subtended by the aperture is focused directly onto 
the detector at each wavelength: because the angular resolution 
of the instrument is 5-6 arc s on planetary objects and the large 
aperture extends 10x 23 arcs, imaging perpendicular to dis- 
persion is possible in a single exposure. By moving the ~16 arcs 
diameter image of Saturn 5-10 arcs between exposures along 
the major axis of the aperture (which is constrained to point 
roughly north-south), maps of the disk emission plus the back- 
ground geocoronal and interplanetary Lya emission immedi- 
ately north and south of Saturn have been obtained with 6 arc s 
spatial resolution. In each of the exposures centred on the polar 
regions, therefore, the level of background Lya is directly 
measured and subtracted from the planetary emission; in 
exposures centred on Saturn the background level has been 
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determined by matching the level of planetary emission to that 
observed in the polar exposures immediately preceding or 
following. A relative sensitivity correction in the direction 
perpendicular to dispersion has been derived from exposures of 
the background Lya emission and applied to the data reported 
here. The error in applying this correction has been determined 
by testing it on other exposures of background Lya emission and 
measuring the average deviation from the mean level of emis- 
sion; this error is +200 R. The pointing of the spacecraft during 
the north-south maps has been determined by noting the posi- 
tion in the aperture of the sharp drop in grating-scattered long 
wavelength radiation at the northern and southern edges of the 
saturnian disk. The north-south positioning of the aperture is 
believed to be accurate to within 1-2 arcs. This same technique 
of north-south mapping has been used in observations of the 
polar auroral Lya emission from Jupiter’. 

Representative north-south maps of the Lya emission are 
plotted in Fig. 1 from observations performed on 19 January, 5 
May and 22 July (all 1980). Non-equatorial peaks in the emis- 
sion are apparent in the data from the first two days, while the 
July data are symmetric north-south with an equatorial bright- 
ness of 800R. This equatorial brightness in the individual 
exposures on 22 July was measured over one-half of a rotation 
of the planet; therefore, 700-800 R is interpreted as a constant 
level of planetary emission from Saturn’s upper atmosphere. 
The data of 22 July provide a good fit to a model emission profile 
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Fig.1 North-south maps of the H Lya emission from Saturn plus 
sky background. Different point characters represent different 
camera exposures, and the +200 R error bars are discussed in the 
text. The measured background varied by as much as +500 R ina 
series of exposures, and the exposures plotted have been normal- 
ized to the same level of background (set at the average back- 
ground level observed on a given day). a, 19 January 1980: b, 5 
May 1980; c, 22 July 1980. 
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Fig. 2 Observing geometry during the exposures of 19 January 
1980. The dashed line and arrow indicate the line-of-sight from the 
Earth, and the solid line represents the ring plane (which is tilted 
1.6° south of the line-of-sight). The enhanced Lye emission 
observed apparently from the south pole of Saturn could actually 
have come from anywhere in the shaded region. Roman numerals 
indicate the orbital radii of Saturn’s inner moons (VI is Titan). 


(the solid line in Fig. 1) representing a uniformly emitting disk of 
800 R brightness smoothed by the 6 arcs instrumental resolu- 
tion. Note that the decrease in emission from the equator to the 
poles in the model profile is due to the spatial resolution of the 
instrument, not limb darkening. If this emission is completely 
produced by resonant scattering of solar Lya from upper 
atmospheric H it corresponds to an H column abundance on the 
order of 10°*cm™’, following the simple resonant scattering 
model for Jupiter outlined by Clarke et ai.’°. This model 
assumes an exospheric temperature of 1,200 K, a solar flux at 
line centre at the Earth of 5.14 x 10"! photons cm? 57! A”! (ref, 
11), and no absorption by interplanetary H along the path to and 
from Saturn. The assumed temperature value is uncertain, but 
1,200 K is consistent with the Pioneer 11 radio occultation 
data’’. A disk-averaged Lya intensity of 700-800 R implies 
that a homopause value of the eddy diffusion coefficient is in 
excess of 10’cm*s”*. Uncertainties about the role of particle 
precipitation and the methane density distribution and 
temperature structure of the mesosphere and thermosphere 
prevent an exact calculation of the eddy diffusion coefficient at 
this time. Interplanetary absorption of Lya on the round trip to 
Saturn has been modelled by Bertaux et al.'’, who predict 40% 
absorption at the time of these observations; thus, Saturn’s Lya 
emission could be significantly brighter as measured by a space- 
craft in the vicinity of the planet. An H column of 10'* cm”? is 
optically thick and Saturn should exhibit limb darkening at Lya ; 
however, with the existing spatial resolution it is not possible to 
distinguish between a cosine darkening function and a uniformly 
emitting disk. Note that the points plotted in Fig. 1 represent 
average brightness over an area extending 10 arcs in the east- 
west direction; assuming a cosine darkening east-west (as well as 
north-south), the actual sub-solar point brightness would be 
~5% higher than that measured. 

Exposures were also taken of Titan near western elongation 
on 5 May 1980, of the sky background 4 arc min north of Saturn 
on 9 May 1980, and of the region of the outer rings 20 arc s east 
of the centre of Saturn on 9 May 1980. To within +200 R no Lya 
emission above the level of sky background was detected from 
either Titan or the rings, although the ring exposure was taken 
on a day when no bursts of Lya emission above the 700-800 R 
level were detected on the saturnian disk. The additional sky 
background exposure was taken to check for a possible extended 
H atmosphere around the saturnian system, as hypothesized by 
McDonough and Brice*; however, the background brightness 
4 arc min north of Saturn was the same within +200 R as that 
measured immediately north and south of Saturn in the preced- 
ing and following exposures. All exposures to date are listed in 
Table 1, specifying the target area, the longitude of the central 
meridian of Saturn, the tilt angle of the ring plane north or south 
of the line of sight from Earth, and the observed level of 
emission above the 700-800 R planetary level. The longitudes 
listed are in the Saturn longitude system (Ass) defined by the 
recent observations by the Voyager Planetary Radio Astronomy 
Group™. A comparison was also made between the data in 
Table 1 and the occurrence of radio emission from Saturn, but 
no direct correlation was discovered. 

_ Unfortunately, the angular resolution of the IUE is not 
sufficient to pin down the source of the enhanced Lya emission. 


The excess emission from the southern half of the saturnian disk 
observed on 19 January, for example, could have originated 
anywhere along the shaded region shown in Fig. 2 and satisfied 
our viewing constraints. However, because the rings were within 
+2° of being edge-on to the Sun throughout these observations 
and the Lya bursts were variable on a time scale of days, it seems 
unlikely that photo-sputtering of ring particle ice is a plausible 
source mechanism for these bursts. In addition, <200 R of Lya 
emission was seen from the vicinity of Titan on the same day that 
a burst of brightness 600 R was detected from the northern half 
of the saturnian disk, implying that the source of this enhanced 
emission was not Titan or an associated torus. The most plausi- 
ble production mechanisms seem to be either: (1) aurora in 
Saturn’s upper atmosphere or (2) a cloud of H atoms in the 
vicinity of the rings which are released by charged particle 
sputtering and radiate through resonant scattering of solar Lya 
radiation (and possibly through charged particle excitation). 
More accurate knowledge of the source of these bursts of Lya 
emission requires better spatial resolution and more flexibility in 
the angle of view, as will be available from the Voyager 1 and 2 
spacecraft now approaching encounter with Saturn. 





Table 1 Observations of H Ly emission from Saturn 





Emission 

Average above 

background model 

Date Ring plane Asis level level 
(1980) Target  tiltangle (CML) (kR) (R) 

5° S 1.6°S 319° 1.5 +900 

19 January) 5”S 1.6°S 346° 1.5 +900 
S° N 1.6°S 34° 1.5 me 
8°N 0° 306° 2.5 n 
on { Centre 0° 338° 25 a 
13 March  8°’S 0° 10° 2.5 es 

8" N 1.5° N 315° 1.4 +300 

3 May 8° S 1.5°N 350° 1.4 +300 

Centre LEN Pe i 1.4 +300 

O BÊN 1.5° N 355° 3.0 +600 
5 May Centre  1.5°N 32° 3.0 a 
ay 8S 1.5° N 75° 3.0 _ 
Titan 1.5°N 117° 3.0 = 
8° N 1.5° N 76° 1.8 — 
4& N 1.5° N 112° 1.8 ss 
9 May 8° S 1.5°N 149° 18 = 
20 E 1.5° N 189° 1. =e 
PN 0° 118° 2.0 ~~ 
7S 0° 155° 2.0 ie 
| TN 0° 189° 2.0 ome 
ay Centre 0° 223° 2.0 “a 
PN 0° 262° 2.0 ne 
TN 0° 296° 2.0 = 
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Enstatite chondrites have oxygen isotope ratios closer to those 
of the Earth and Moon than other meteorites. Their minerals are 
chemically reduced; metal contains Si, and some Ca, Ti, Mg and 
Mn are incorporated in sulphides rather than silicates. Clinoen- 
statite and olivine are virtually Fe-free'’”. We have reported” 
two types of clinoenstatite in the Indarch enstatite chondrite, 
one luminescing blue and one red. Similar clinoenstatites in the 
Kota-Kota enstatite chondrite are associated with two distinct 
types of forsteritic olivine, one luminescing orange and the other 
blue. The textural relations and differences in chemical 
composition cannot be explained by progressive condensation 
from the solar nebula and require the mechanical mixing of 
material from at least two sources. We suggest here that ensta- 
tite chondrites result from mechanical and chemical processes 
during aerodynamic sorting and gravitational settling of debris 
from a hot cloud of dust, liquid and gas produced during collision 
of planetesimals. 

Kota-Kota, like Indarch, contains four types of clinoenstatite- 
rich chondrules: porphyritic > fine-grained > barred > radiat- 
ing. One radiating chondrule composed primarily of SiO, was 
observed. A luminescence microscope revealed distinct red and 
blue clinoenstatite grains, as well as orange and blue olivine 
grains. The latter were not found in the first thin section of the 
Indarch chondrite’, but a few orange and blue grains were found 
in six new sections. Porphyritic chondrules are extremely 


Table 1 Olivine and pyroxene analyses from one Kota-Kota 


chondrule 

i 2 3 4 5 6 
P0; 0.005 0,004 0.005 0.005 NA <Q] 
SiO- 42.3 42.2 58.9 58.9 58,9 58.2 
TiO; 0.016 0.024 0.079 0.008 NA 0.03 
ALO, 0.051 0.077 0.39 0.108 0.27 0.32 
Cr,0, 0.23 0.064 0.32 0.024 NA 0.36 
FeOy 0.96 0.86 0.95 0.81 0.87 0.96 
MnO 0.123 06.033 0.20 0.028 0.13 0.1 
MgO 56.2 56.3 38.6 38.9 38.7 39.5 
NiO 0.003 0,001 0.005 0.003 NA 0.034 
CaO 0.167 0.122 0.28 0.088 0.32 0.4 
Na.O 0.0 0.0 0.021 0.107 0.09 0.05 
Sum 100.055 99.685 99.750 98.881 100.28 100.0 
Cations/24 oxygens 
P 0.0006 0.0005 0.0006 0.0006 — — 
Si 5.9769 5.9769 7.9496 7.9898 7.9762 7.864 
Ti 0.0017 0.0026 0.0080 0.0008 — C.004 
Al 0.0085 0.0129 0.0620 0.0173 0.0431 6.052 
Cr? 0.0257 0.0072 0.0341 0.0026 — 0.040 
Fe** 0.1134 0.1019 0.1072 0.0919 0.0985 6.108 
Mn 0.0147 0.0040 0.0229 0.0032 0.0149 0.012 
Mg 11.8362 11.8853 7.7652 7.8652 7.8114 7.948 
Ni 0.0003 0.0001 0.0005 0.0003 — 0.004 
Ca 0.0253 0.0185 0.0405 0.0128 0.0464 0.056 
Na 0.000 0.000 0.0055 0.0281 0.0236 6.012 


Columns 1-6, electron microprobe analyses (iron given as FeO}: 1, 
orange luminescing olivine, mean of four analyses. 2, Blue luminescing 
olivine, mean of three analyses. 3, Red luminescing clinoenstatite, mean 
of seven analyses. 4, Blue luminescing clinoenstatite, mean of three 
analyses. 5, Mean of 27 clinoenstatite analyses from ref. 2. 6, Mean of 
analyses of clinoenstatite from ref. 1. 6, Wet chemical analysis of bulk 
pyroxene separate’ ; FeO 0.93, Fe.O; 0.03 wt %. NA, not applicable. 
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complex and a single chondrule may contain all four phases (Fig. 
1). Red clinoenstatite grains may enclose blue clinoenstatite, 
orange olivine and/or blue olivine, while individual blue clino- 
enstatite grains may enclose orange and/or blue olivine. Red 
clinoenstatite was not observed inside blue clinoenstatite. Fine- 
grained chondrules contain blue clinoenstatite and rare blue 
olivine. Both barred and radiating chondrules are composed 
predominantly of lamellae of either red or blue clinoenstatite. 
All chondrule types are surrounded by a shell composed of a 
fine-grained mixture of all minerals found in the meteorite. 
Similar shells were found surrounding chondrules in Indarch’ 
and in ordinary chondrites’. 

Electron microprobe analyses were obtained with an ARL- 
EMX instrument. Magnesium, Si and Fe were determined with a 
solid state detector at 15 kV, 0.1 pA and 120 s live time. Minor 
elements were determined with crystal spectrometers and 25 kV 
and 2 pA. Counting times were selected for peaks and back- 
grounds to achieve a precision near 30 p.p.m. (1a) for individual 
analyses. Standards were: Ca,P,0,(P), Dig.Jd,;(Ca, Al, Na), 
Corning glass V(Ti, Cr), Corning glass W(Mn) and Corning glass 
X(Ni). 

As for Indarch*, minor element contents correlate with 
luminescence colour and not with chondrule type. Represen- 
tative analyses in Table 1 are taken only from the chondrule in 
Fig. 1. Table 2 shows observed ranges in minor element contents 
for both olivine and clinoenstatite. Red clinoenstatites have 





Fig. 1 Schematic representation of a porphyritic chondrule. 
Black, clear, hatched and stippled areas are respectively, orange 
olivine, blue olivine, red clinoenstatite and blue clinoenstatite. 
Blue clinoenstatite is polycrystalline, but individual grain boun- 
daries are not shown. The chondrule is 410-ym wide. 


higher concentrations of Ti, Al, Cr, Mn and Ca, whereas blue 
ones have higher Na. Orange olivines contain more Cr and Mn 
than blue ones. 

The method of assignment of valence states to minor elements 
in the pyroxenes has been detailed elsewhere’. There is 
insufficient Al and Cr** in blue clinoenstatite to balance the 
observed Na, and some Fe must be assigned to the trivalent state 
to maintain charge balance if a defect-free MTO, formula is 
assumed. For red clinoenstatites, it was again necessary to 
assume that some Fe** is present to obtain a cation : oxygen ratio 
fitting the theoretical value of 2:3. For clinopyroxene analyses 
in columns 3 and 4 of Table 1, it is necessary to assume that 38 
and 8%, respectively, of total Fe is present as Fe**. However, a 
wet chemical analysis of a pyroxene separate from Kota-Kota 
showed only 0.03 wt % Fe0O0, against 0.93 wt % FeO. The 
trivalent Fe was attributed to terrestrial oxidation, and the 
significance of the recalculation of the electron microprobe 
analyses is unclear. If some or all of the Cr were divalent, even 
more Fe°* would be required. 

The observed textures and bimodal chemical compositions of 
the olivines and clinoenstatites rule out formation of these 
meteorites by direct condensation from the solar nebula. 
Mechanical aggregation of material from at least two source 
regions is needed to explain the blue and red varieties, and the 
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Table 2 Observed compositional variations 


Kota-Kota Kota-Kota Indarch Indarch 
olivine pyroxene olivine pyroxene 
orange red orange red 

P20; 0.003-0.008  0.000-0.010  0.000-0.007 0.000-0.017 
TiO, 0.000-0.022 0.025-0.120 0.000-0.085 0.018-0.077 
ALO; 0.016-0.100 0.151-0.451 0.033-0.119 0.119-0.390 
CrO,  0.115-0.290 0.126-0.568 0.108-0.322 0.117-0.681 
MnO 0.090~-0.188 0.091-0.418  0.093-0.209 0.086-0.513 
NiO 0.000-0.005 0.000-0.010 0.000-0.005 0.000-0.015 
CaO 0.090-0.252 0.124-0.472 0.116-0.272 0.123~0.419 
NaO 0.000 0.002-0.093 0.000 0.000-0.114 
blue blue blue blue 
P-O; 0.002-0.009 0.001-0.009 0.000-0.008 0.000-0.017 
TiO, 0.002-0.031 0.001-0.012 0.000-0.047 0.000-0.014 
AlO, 0.041-0.116 0.015-0.195 0.034-0.141 0.012-0.172 
CrO,  0.029-0.095 0.002-0.107 0.020-0.087 0.005-0.098 
MnO 0.014-0.046 0.000-0.090 0.010-0.062 0.001-0.086 
NiO 0.001-0.004 0.000-0.013  0.000-0.006 0.000-0.006 
CaO 0.082-0.188  0.015-0.157 0.094~-0.190 0.015-0.119 
Na 3O 0.000 0.040-0.248 0.000 0.049-0.250 


Electron microprobe analyses, wt %. Accuracy is 2-5% of amount 
present with detection level near 0.005 (20). 


observed textures indicate a complex sequence of events. 
Enclosure of rounded olivine grains by pyroxene grains suggests 
that olivine formed earlier than clinoenstatite in agreement with 
condensation calculations for a solar nebula with either the solar 
C/O ratio of 0.57 (ref. 6) or the higher ratio of ~ 1.0 postulated’ 
to explain enstatite chondrites. 

Clinoenstatite melts incongruently at 1,557°C to form 
forsterite plus liquid. Because the forsterite bodies are rounded 
rather than euhedral, it is unlikely that the forsterite observed in 
Kota-Kota was so formed. In addition, both orange and blue 
olivine occur surrounded by red or blue pyroxene. Because 
forsterite melts at a much higher temperature (1,850 °C) than 
enstatite, pre-existing forsterite might have survived the melting 
of clinoenstatite. 

The simplest scheme to be considered for the Kota-Kota 
meteorite involves (1) progressive condensation of two separate 


Fig. 2 Schematic representation 
of chondrule formation from a gas~ 
dust-liquid droplet cloud. Angular 
shapes are crystals; circles are 
liquid. a-d shows the formation of 
a porphyritic chondrule: a, some 
blue enstatite, blue olivine and 
orange olivine becomes surroun- 
ded by red liquid; b, red liquid 
forms crystals enclosing blue 
enstatite, blue olivine and orange 
olivine; c, crystals become aggre- 
gated and a porphyritic chondrule 
similar to that in Fig. 1 is formed; d, 
chondrule becomes surrounded by 
a shell of fine-grained dust. e-h 
shows the formation of a barred 
chondrule with an _ olivine 
inclusion: e, blue liquid droplet 
comes in contact with an orange 
olivine; f, olivine is trapped inside 
blue liquid droplet; g, liquid crys- 
tallizes and assumes a typical bar- 
red appearance; h, chondrule 
becomes surrounded by a shell of 
fine-grained material. 








regions of the solar nebula to give minor forsterite and dominant 
clinoenstatite, and (2) mechanical mixing of the condensates. 
Because this scheme is insufficient to explain the textural pro- 
perties of the chondrules, some other process or processes must 
be involved. In view of evidence™' for accretion of planets 
through planetesimals, generation of chondrules during 
collision of planetesimals is considered”. 

The similar ranges of clinoenstatite compositions in Table 2 
indicate that the Indarch and Kota-Kota meteorites may have 
come from the same parent body. Orange olivine and red 
clinoenstatite are assumed to derive from the same conden- 
sation region because of comparable CrO, and MnO contents, 
and similarly the blue olivine and blue clinoenstatite are paired. 
Enclosure by red clinoenstatite of blue clinoenstatite, orange 
olivine and blue olivine rules out mechanical mixing of crystals 
that condensed in equilibrium conditions in two source regions 
before planetesimal collision. To explain the textural relations it 
seems that at least some red clinoenstatite must have crystallized 
after the other three minerals. Because there is a sharp dis- 
continuity in luminescence and chemistry between adjacent 
grains of porphyritic chondrules (Fig. 1), it seems that an enclos- 
ing grain grew without reaction with an enclosed grain. Figure 
2a~-d shows how the porphyritic chondrules may have formed, 
partly by mechanical aggregation of pre-existing crystals and 
partly by growth of red clinoenstatite around pre-existing erys- 
tals. A liquid stage for at least some red grains seems necessary 
to explain the inclusion of blue clinoenstatite and orange and 
blue olivines, and it may prove necessary to introduce additional 
steps of crystallization and mechanical disaggregation. Inter- 
stices between aggregated crystals are assumed to be filled by 
dust and vapour deposits. 

Barred, radiating and fine-grained chondrules are assumed to 
have derived from liquids formed during planetesimal collision. 
Because these droplet chondrules are composed predominantly 
of either red or blue clinoenstatite with only minor amounts of 
interstitial phases, it is necessary to postulate formation of two 
separate liquids with compositions near those of the red or blue 
clinoenstatites. Such liquid droplets could then incorporate 
minor amounts of pre-existing solid material released by 
mechanical disaggregation of the colliding planetesimals (Fig. 
2e~h). The impact melts are assumed to have been dispersed by 
high velocity jets’? produced during collision. Such jets must 
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have dispersed the molten material quickly enough to prohibit 
mixing between the two liquids. 

In such a scheme, the massive debris from the collision is 
assumed to coalesce into a new planetesimal in part of which 
melting and high-grade metamorphism would occur’*. Smaller 
fragments would remain in orbit, and later fall onto the surface. 
Dodd" has given evidence for aerodynamic sorting of chon- 
drules in ordinary chondrites*. He argued in favour of continu- 
ous entry of particles into an atmosphere because gas drag in a 
stagnant atmosphere would produce a graded deposit on the 
surface of a growing planetesimal. However, shock waves 
produced in a gas-dust cloud by incoming bodies from colliding 
planetesimals may have caused material to settle rapidly into an 
ungraded deposit’’. 

Although details still need to be worked out, it seems certain 
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that enstatite chondrites are not direct products of the solar 
nebula. In spite of the complexity of the mineralogy and petro- 
graphy, we need not abandon the well-documented mixing 
models for the bulk compositions of unequilibrated enstatite'*!° 
chondrites, at least as a first approximation. Provided that little 
material was lost to the solar nebula during collision, the bulk 
chemistry of chondrites should be explicable in terms of direct 
condensates that entered the original planetesimals. Although 
the present scheme applies specifically to enstatite chondrites, 
the general features may also apply to the unequilibrated 
ordinary chondrites’”"'*. 
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The development of porous anodic films on aluminium in the 
major forming acids has been established’*. However, little 
information has been provided to explain the markedly different 
rates of steady-state film growth for anodizing in constant 
voltage conditions in these acids, with the anodic film cell 
parameters dependent on the cell voltage’. The regular cellular 
morphology of the steady-state films and the substructure 
developed in the forming acids are revealed in Fig. 1. The 
characteristic parallel-sided pores, at the centres of approxi- 
mately hexagonal cells, pass normal to the macroscopic metal 
surface but are separated from it by the barrier layer. Here, from 
considerations of the fiim material substructure and the dis- 
tribution of species within the film derived from the forming 
acid, it is postulated that the likely variations in the local field 
strengths across the barrier layers can explain the steady-state 
anodizing behaviour observed in the different acids in constant 
voltage conditions. 

Direct transmission electron microscopy of ion-beam thinned 
steady-state porous anodic films, formed originally in phos- 
phoric or oxalic acid, has shown the presence of cell boundary 
bands separated from the electrolyte in the pores by differently 
textured film material® (Fig. 1). Microanalysis of the regions 
comprising the cell material of the film formed in phosphoric 
acid suggests that the cell-boundary band is composed of virtu- 
ally pure alumina, whereas phosphorus is detected in the 
adjacent differently textured material’. For films formed in 
chromic acid, no significant chromium is detected in the cell 
material”, which appears similar in nature to the cell boundary 
band material observed for films formed in phosphoric acid, that 
is, relatively pure alumina. The highly acid anion contaminated 
films formed in sulphuric acid also show a region of relatively 
pure alumina which is not resolved readily in the electron 
imucroscope for the films formed at the usual low voltages (R. 
Ozcan and our unpublished work). From such knowledge it is 
possible to depict the barrier layers of the films formed in the 
major anodizing acids in terms of the ratio of the thicknesses of 








relatively pure alumina region to acid anion-contaminated 
material, which seems to increase in the order: sulphuric acid 
(0.05) > oxalic acid (0.1) > phosphoric acid (0.5) > chromic acid 
(00), 

The relative extents of the different regions present in the 
barrier layers of the films formed at constant voltages in the 
usual anodizing conditions in the above acids are illustrated in 
Fig. 1, which shows that the films form at relatively similar 
nm V' ratios. The relatively pure alumina is drawn as a solid 
region as it is thought that this more compact film grows by ionic 
migration to form a glassy or anion-free microcrystalline struc- 
ture, whereas the outer microcrystalline acid anion- 
contaminated film material is deposited under the field from 
initially colloidal alumina". Different extents of deposition 
explain the varying current efficiencies observed in the cor- 
responding acids. 

There is a direct link between the above findings and the rates 
of formation of the films in the different anodizing acids, at 
constant voltage. For films formed at 20 V, typical rates of 
formation increase in the order: sulphuric acid > oxalic acid > 
phosphoric acid > chromic acid. 

For example, the rate of formation of the film in sulphuric 
acid, with the thinnest relatively pure alumina region, is much 
greater than in chromic acid, where films composed of relatively 
pure alumina are formed. Furthermore, the current density (/) is 
related to the potential drop (V) across the barrier layer by the 
high field conduction theory: 


i= A exp (BV/d) 


where A and B are constants, for a given temperature, and d is 
the overall barrier layer thickness. In the above equation V/d 
represents the effective average field across the barrier layer 
which is approximately constant for the barrier layers of the 
different films because the measured nm V™' ratios are similar. 
However, if the true field across the relatively pure alumina 
region of the barrier layer is in the order: sulphuric acid > oxalic 
acid > phosphoric acid > chromic acid, because this represents 
the order of increasing thickness of the observed cell boundary 
bands, then the rates of formation of the films in the different 
acids will also vary in the order given above if solid state ionic 
migration across the inner layer is the rate-determining step. 
The passage of ions through the outer regions of the 
contaminated film is thought to proceed relatively easily. Thus, 
during anodizing in the major anodizing acids, the field strength 
is thought to be greater across the inner, compact relatively pure 
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Fig. 1 The plan and 
sectional views of a pore 
and adjacent cell for films 
formed in each of the 
major acids: a, sulphuric 
acid; b, oxalic acid; c, 
phosphoric acid; d, 
chromic acid. The cell METAL 
comprises acid anion- a 

contaminated film 
material adjacent to the 
pore and relatively pure 
alumina remote from it: & 
acid anion contaminated 
film material; u. 
relatively pure alumina. 
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alumina region and lower across the acid anion-contaminated 
alumina film, which probably varies from solid in contact with 
the cell boundary bands to gel-like material at the base of the 
pores. Microporosity or relatively easy passage of ions through 
intercrystallite pathways will reduce the effective field further. 
Figure 2 shows how the total voltage drop across the barrier 
layer is similar for the highly contaminated film formed in 
sulphuric acid (Fig. 2a) and the acid anion-free film formed in 
chromic acid (Fig. 2d) where the cell boundary band to 
contaminated film material ratios approach 0 and œ, respec- 
tively. The current density is higher in the former case because of 
the higher voltage drop across the pure alumina region adjacent 
to the metal interface. In addition, anodizing in chromic acid 
proceeds at relatively low current efficiency. In phosphoric and 
oxalic acids there are two zones. The voltage drop and field 
across the pure cell boundary bands are high but low in the outer 
acid anion-contaminated film material (Fig. 24, c). 

The variation in voltage drop across the adjacent film regions 
comprising the barrier layer is important and has been consi- 
dered by Dell’Oca and Young’ in an investigation of the 
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different layered barrier film formed on tantalum in phosphoric 
acid. They suggested that a high field operates in the 
contaminated layer adjacent to the solution where phosphate 
reduces the permittivity and decreases ionic mobility. The case 
for a dependence of field strength on film thickness (for thin 
films) has been put forward by Dignam”®. Here the different field 
strengths have been based on the likely mechanisms of film 
growth during steady-state porous film formation involving 
solid-state ionic migration across the relatively pure alumina 
region and deposition of the outer layer from a hydrous metal 
oxide solution. Direct observations of the film materials, 
revealed by ultramicrotomy of both barrier and porous-type 
anodic films, show the sections to be relatively uniform and 
featureless’***""’, only revealing telling changes after exposure 
to the electron beam’. This is thought to represent ‘drying out’ 
and/or ageing of the film material after anodizing, and it is only 
during anodizing that the variation in field strengths across the 
barrier layer is manifested. As the nm V~ ratios for the different 
films have been determined after anodizing in the absence of the 
field it is not surprising that they show relatively similar values. 
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Fig. 2 Distribution of the voltage drop and field (the slope of the 
voltage~—distance plot) across typical barrier layers of porous anodic 
films formed in each of the major acids: a, sulphuric acid; 5, oxalic 
acid; c, phosphoric acid; d, chromic acid. The voltage drop is 
greatest and linear across the inner compact relatively pure alu- 
mina region and lower across the outer acid anion contaminated 
film material, where the voltage decreases progressively towards 
the film—solution interface, Consequently, the highest field is across 
the least extensive relatively pure alumina region, evident for the 
films formed in sulphuric acid, decreasing for the films formed in 
oxalic and phosphoric acids respectively, and lowest for the most 
extensive pure alumina region present in the films formed in 
chromic acid. The rates of formation of the corresponding films 
decreases in the same order. 


The nature of the incorporated acid anion will probably strongly 
influence the size distribution of the deposited and 
contaminated microcrystalline alumina’, and its hydrogen 
bonding characteristics, which affect the effective compaction of 
this material. 

Thus, the steady-state anodizing behaviour of porous anodic 
films formed in the major anodizing acids can be related to the 
distribution of the acid anions within the barrier layers and the 
true field strengths across the relatively pure alumina regions. 
The effect of the acid anion on thermally enhanced field-assisted 
dissolution, or other processes whereby the relatively pure 
alumina region transforms to the acid anion-incorporated 
material and its influence on anodizing at constant current 
density, will be discussed elsewhere. 
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Tasmanian tree rings belie 
suggested anthropogenic ‘°C/"C trends 


R. J. Francey 


CSIRO Division of Atmospheric Physics, Aspendale, Victoria, 
Australia 3195 


Published measurements in tree rings’’° suggest a persistent 
decrease with time of the ratio'°C/"*C, particularly in the period 
1860-1940, and the release of C'*-deficient CO, from both 
fossil fuel combustion and forest clearing have often been 
invoked to explain the decreases. Freyer" concludes that “the 
existing measurements leave no doubt that the °C content in the 
cellulose fraction of modern wood was indeed decreased 
significantly’. Data presented here for two tree species from 
sites with contrasting ecologies on the remote and exposed 
Tasmanian west coast do not, however, support claims that these 
trends, which have been observed in (mostly) Northern Hemis- 
phere trees, are the global response of the atmosphere to 
agricultural and industrial activities. 

Freyer’s statement requires qualification. There is 
evidence’*’” of a levelling or an increase in '*C/'C ratios after 


1940, moreover the period before 1860 is poorly sampled, thus 
the statistical significance of a modern trend over several 
decades is difficult to assess. The Freyer’s conclusion is based 
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Fig.1 a, °C/**c analyses on 5-yr blocks from four radii of tree 
JR39, Radii were cut from a disk as shown in the inset. b, '°C/17C 
analyses on 10-yr blocks from three radii of tree BH858. 
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Table 1 Tasmanian trees analysed for 6'°C 
Site description 
Distance Approximated Period 
Altitude to ocean”* germination analysed 
Tree Species (m) (km) Ecology (AD) (AD) 
SAT Athrotaxis selaginoides 880 90 Rain forest <1700 1841-1974 
S3t Athrotaxis selaginoides 880 90 Rain forest <1700 1893-1974 
$C15ł Athrotaxis selaginoides 880 90 Rain forest 1090 1540-1956 
SC19ł Athrotaxis selaginoides 880 90 Rain forest 1677 1743-1952 
MR3.4¢ Athrotaxis selaginoides 1,100 30 Exposed mountain top <1450 1500-1975 
BH858§ Phyllocladus aspleniifolius 40 15 Small island 1880 1885-1958 
JR39§ Phyllodadus aspleniifolius 60 35 Rain forest 1829 1830-1977 





* In a southwesterly direction. 


Dendrochronology from: t D. Adamson (Macquarie University); + J. Ogden (University of Auckland, formerly Australian National University); 


$ T. Bird (CSIRO Divison of Forestry). 


largely on trees of mid-latitude Northern Hemisphere origin, 
close (in a global sense) to major anthropogenic sources of CO, 
and associated pollutants’, embedded in large natural seasonal 
variations in atmospheric CO,, and remote from major 
exchange reservoirs in the southern oceans. 

The further step of relating a tree ring derived '*C/‘*C trend 
to the global CO, budget presents its own problems’, including 
(1) ignorance of the physical factors influencing °C/'*C in 
cellulose, sometimes creating large differences in cellulose of 
similar age from different locations within a tree, (2) the 
influence of local environmental factors, and (3) the relative 
insensitivity of '°C/’*C in the atmosphere-biosphere—ocean 
system to gradual changes in the biosphere. 

The forests of the Tasmanian west coast offer many advan- 
tages in the search for a global perspective on the carbon dioxide 
history of the atmosphere. The area is predominantly wilder- 
ness, remote from large scale industry and exposed to the almost 
circumpolar ocean fetches of the ‘roaring forties’. Seasonal 
variations in the atmospheric CO, concentration are less than a 
tenth of those at high northern latitudes'*. The native flora 
includes several species suitable for ring-width dating’*"** and 
living trees of great age, in stable ecosystems, are available. 

Results are now available from the first seven trees analysed, 
whole wood analyses from three of which have been reported 
elsewhere'’'* and the temperature correlations reported there, 
while still evident at reduced magnitude, do not conflict with the 
cellulose results reported here. In what follows, comparisons 
will be made with measurements on cellulose’***? (though 
similar conclusions would come from consideration of whole 
wood analyses**’). 


Fig. 2 *°C/'°C analyses 
on all seven trees. 
Averages of the different 
radii are used for JR39, 
BH858. (Dashed lines 
indicate values cor- 
responding to periods of 
marked ring width dis- 
crepancies.) 
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The trees are referred to by their collector's designation, and 
relevant properties are summarized in Table 1. Full details of the 
trees and the analyses techniques will be given elsewhere’, The 
analysis repeatability on a homogeneous wood sample is typi- 
cally 0.06%. 

On two of the trees, JR39 and BH858, comparisons have 
been made of ‘°C/'°C variations along different radii. Analyses 
on 5-yr blocks of four radii for JR39 are shown in Fig. 1a, the 
inset shows the radii cut from a disk. 

This record shows sharp discontinuity in 6'*Cppz occurring at 
around 1869, where scarring suggests fire damage. After 1869 
there is a corresponding sharp increase in ring width. The 
5'°Cppp and ring width increases are probably the result of 
sudden exposure of a sub-canopy sapling to free atmosphere, 
removing limiting factors related to competition, and/or 
markedly reducing the uptake of ‘°C depleted respired carbon 
dioxide’. It suggests that variations in 8'°C after this event were 
not seriously influenced by these factors. 

While 8'°Cppx varies by up to 1% in different radii, these 
differences are generally maintained throughout the adult life of 
the tree. In the context of possible large monotonic trends’, this 
is taken as evidence (with some caution’) that trends represen- 
tative of the whole disk can be inferred from one radius, 

This application when only one radius is available is supported 
by Fig. 15, showing three cores from tree BH858. The data are 
analysed in 10-yr blocks. Radius A is a core from a south-west 
direction, 1.09 m from the base; C is a north-east core from 
0.58m and D a south-east core from 0.81 m. Although a 
relatively young rainforest tree, there is no juvenile effect. It 
may be relevant that it is located on a small (~100 m diameter) 
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Table 2 Comparison of 8'°C trends since 1950 


Regression 
Period of coefficient 
Medium data (Xo yr") Ref. 
Atmosphere 1956-1978 ~0.030 aie 
Cellulose 1950-1972 —0.018 + 0.008 3 
Cellulose 1950-1972 +0.042+0,011 9 
Cellulose 1951-1974 —0,005 + 0.008 This work 


(6 tree averages) 





exposed island in Bathurst Harbour (separated by 15 km of 
water and grassed hills from the open ocean), and flushing of 
respired sub-canopy CO, should be much more efficient than in 
a land-locked, heavily vegetated area. 

Figure 2 shows an average curve for each of these trees, the 
remaining five curves referring to a single radius per tree. Four 
of these trees (SC15, SC19, SA, S3) are from a rainforest on a 
mountain ridge well exposed to the south-west, but 90 km from 
the coast. Three had germination dates estimated at about 1700 
(although samples relating to a briefer period were provided for 
analysis) and were probably well exposed to free atmosphere 
from 1800. SC15, however, is much older with an estimated 
germination about 1090. Ring width data indicate a severe 
setback in growth from 1907 to 1917. In blocks after 1907, 
5'°Cppg values are on average about 1% more negative than 
immediately before 1907. At the time of sampling SC15 was 
lying on the ground and the tree may have fallen (had achieved a 
sub-canopy status) as early as 1907. 

There is no possibility of canopy influences over the past 
several hundred years for MR3.4: estimated germination pre- 
cedes 1450, and the high altitude, stunted ‘krumholtz’ form is 
evidence of its isolation and extreme exposure. 

Figure 3 shows the combined data although the first 30 yr of 
JR39 analyses and the last 50 yr of SC15, (indicated by dashed 
lines in Fig. 2) for which independent ring width evidence 
Suggest sub-canopy influences, are excluded. SC15, SC19, 
MR3.4 have common records between 1740 and 1905; and in 
Fig. 3a averages (in 10-yr blocks) of their deviations from the 
1740-1900 mean are shown. 

Six trees have common records between 1890 and 1970, and 
five of these extend back to 1870. Figure 35 shows averages (in 
10-yr blocks) of their deviations from the 1890-1970 means 
(using five trees before 1890 and six trees thereafter). 

In the context of global changes in atmospheric 6'’C, the 
average of the six trees in Fig. 3b exhibits a striking lack of 
systematic behaviour—the data for a 10-yr interval never devi- 
ate significantly from the 1870-1970 mean. This contrasts with 
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Fig.3 Combined '*°C/'*C data from 10-yr blocks. a, The average 

and standard deviation of deviations from the 1740 to 1900 mean 

for $C15,$C19, MR3.4. b, The average and standard deviation of 

deviations from the 1890-1970 means for SC19, MR3.4, JR39, 

BH858, SA and $3; for the period 1870-1890 only BH858 is not 
represented. 
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the steady decrease of about 0.5% (from 1870 to 1960) of 
Freyer’’. 

A large decrease in 5'°C of almost 1% between 1840 and 
1920 of Freyer'', frequently interpreted as a global atmospheric 
response to a large net transfer of CO, from the biosphere”, is 
not supported by the results in Fig. 3a. Clearly Fig. 3 and 
Freyer’s results, for example, cannot both represent global 
atmospheric BC/2C behaviour. 

All Northern Hemisphere cellulose data are not incompatible 
with the Tasmanian results; over the same 1870-1970 period of 
Fig. 3b, the mean curve of Tans and Mook’ (and the whole wood 
data of Farmer’ and Galimov‘) show a similar absence of a 
monotonic trend. 

The data of Keeling et al.” provide a useful comparison 
with the above results. They report annual average values of 
5'°C and p (the total CO, concentration); 


1956p=314.1l ppm. é8&°C=-6.69% 
1978 u = 334.2 p.p.m. — 8PC = -7.34% 


representing a 8°C change of —0.6% over 22 yr, or —0.030% 
yr | for a linear trend. 

Table 2 shows the available individual measurements of 6'°C 
in cellulose from 1950 linearly regressed against time. The 
anticipated atmospheric 5'*C response to fossil fuel combustion 
alone” suggests that a linear approximation is reasonable over 
this period, and that the Table 2 regression coefficients (plus 
standard errors) are directly comparable. 

Assuming the results obtained by Keeling etal.” represent an 
ubiquitous 6'°C trend in the free atmosphere (supported by 
their comparison of North American and South Pole °C 
measurements in 1978), then only the Rebello and Wagener 
tree can have responded in a direct manner. 

The differences between '°C/'°C trends in trees from 
different regions, coupled with the differences between most 
'3C/'C trends in tree-rings representing the past 20 yr and the 
direct atmospheric measurement, seriously question the inter- 
pretation of any tree record in terms of global atmospheric 
behaviour, and in particular the implicit assumption of constant 
fractionation in the atmosphere—biosphere exchange. An 
explanation involving large scale modification of atmospheric 
C/PC ratios as a result of plant respiration” , apparently 
conflicts with well known rates of mixing of CO, in the atmos- 
phere*™* during photosynthesizing hours. A solution must be 
sought in the mechanism of fractionation in plants. 

I thank Dr Don Adamson, Dr John Ogden, Trevor Bird and 

George Dolezal for dated timber and detail on the individual 
trees, John Ogden and Drs Graeme Pearman and Paul Fraser 
for discussions, and Geoff Richards for the bulk of the chemical 
preparation. 
Note added in proof: With respect to the suggestion’ that 
isotope variations might primarily reflect ring width changes, 
there is a general absence of correlation between 6'°C and ring 
width in these trees, apart from exceptions mentioned in the 
text. 
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The blowout at the Ixtoc 1 offshore oil rig in the Gulf of Mexico 
(19°24’ N, 92°12' W) produced a major oil spill. An estimated 
140 million gallons of oil escaped before the well was finally 
capped’; this compares with a spill of 66 million gallons of oil 
from the tanker Amoco Cadiz*°. In contrast to the rapid, 
close-to-shore release of the tanker’s cargo, the Ixtoc 1 well 
released oil for 9 months into the open ocean where winds and 
currents dispersed the floating mousse (a light brown and orange 
water-in-oil emulsion) which had formed at the wellhead. Two 
and a half months after the blowout the western boundary 
current in the Gulf of Mexico** had brought mousse to the 
American shore. An ultra-thin sheen also formed from the oil 
and was visible as a smoothness of sea-surface texture relative to 
the slightly rougher unpolluted waters. We report here that at a 
distance of 750-1,000 km from the well, Ixtoc 1 mousse occur- 
red on sheen-covered sea surface primarily as gramme-sized 
pancakes and milligramme-sized flakes. Relative to pancakes, 
fiakes were more dense, depleted in aliphatic compounds and 
enriched in polar compounds. Both particles were covered with 
a brittle 5-10 pm skin. Pancakes, skin, flakes and surface sheen 
seem to represent the four macroscopic component parts of a 
pelagic weathering cycle of Ixtoc 1 mousse. 
_ Samples were collected from three stations near the South 
Texas coast and from one station near the wellhead (Table 1). 
Generally mousse particles occurred within or very close to 
areas covered with sheen, at an estimated concentration, based 
on scale-referenced sea-surface photographs, of 0.2-2.0 g 
mousse per m° of sea surface. Divers estimated that 99% of the 
mousse occurred on the sea surface. Flakes and pancakes did not 
always occur in the same sheen area. Flakes were collected with 
a stainless-steel screen and pancakes with a dip net. Station 1 
was in a flake~pancake area of at least 20 km width, with flake 
concentrations ranging from 92 to 158 flakesm™* (470- 
806 mg flake m`’). This is ~400 times above the normal back- 
ground tar concentration in that area of the Gulf®. Both types of 
mousse usually occurred in the shape of flattened disks with 
thickness usually less than one-fifth of the width. Samples were 
stored in filtered seawater in the dark at 4 °C in the presence of 
0.02% sodium azide’. The visible production of thin sheen from 
. Mousse was not observed although at one point between sta- 
tions, in the middle of a hot calm day, sheen was seen to be 
emanating from pancakes. Large numbers of flakes or pancakes 
in small volumes of water showed no tendency to aggregate. 
There was no size continuum between pancakes and flakes; the 
1-4 mm thick flakes seemed to originate from the cracked scaly 
crust of the pancakes (Fig. 1a) and flakes could be produced by 
shaking pancakes in seawater. 

Microscopic views of flakes are shown in Fig. 1b~h, Figure 16 
shows the penetration of light through the edges of two flakes 
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observed with normal transmission light microscopy. Figure Ic, 
d shows the surface topography of two flakes viewed by reflected 
epifluorescence microscopy. Figure 1c shows the cracked sur- 
face of a flake that was touched by a Pasteur pipette. The 
light-coloured skin is shown on edge (S) and averaged 5~10 um 
in thickness. The dark material within the cracks is emulsion (see 
also Fig. 1g). Figure 1d shows another flake with a more 
heterogeneous surface. The colour of the thin skin on an indivi- 
dual flake ranged from light yellow to brown. Often emulsion 
such as that in the upper-right corner of Fig. 1d was speckled 
with amorphous white fluorescent particles. Figure le shows a 
freeze-etched electron micrograph of the surface of flake skin 
with embedded diatom tests (D) and hundreds of flattened 
half-moon-shaped disks. Figure 1f is a blowup of the un- 
identified disks that are embedded flat and on end in the skin 
surface. Compared with flakes from Stations 2 and 3 flakes from 
Station 1 were highly contaminated with embedded material. 
Exposed emulsion on the surface of a flake is shown in Fig. Lg, 
Microbial colonies (M) were uncommon and usually occurred in 
isolated pockets on the flake. Loosely attached microbial cells 
and slime, such as on the edge of the flake in Fig. 1c, may have 
been more common but lost during sample transport. Microbial 
colonies were not observed on the brittle skin. Figure 1h shows a 
freeze-etched view of the interior of a flake that shows a smooth 
textured crude oil with a heterogeneous population of 
emulsified water droplets. The interior of flakes contained 
embedded particles such as dinoflagellate and diatom tests, fish 
scales and unidentified amorphous material. The pancake sur- 
faces showed the same microscopic features as the flakes. 

The pancake mousse exhibited gross chemical similarity to the 
wellhead mousse (Table 1), although their compositions were 
quite different: the latter containing significant quantities of 
saturated hydrocarbons in the 7-C,o to n-C,s region (Fig. 2a) 
and large amounts of light aromatics (Fig. 2b), whereas the 
pancake mousse was almost totally depleted in alkanes. 
before n-C,5 and weathered such that only small levels of 
ringed aromatics remained (Fig. 2c, d). E 

Mousse pancakes and their associated flakes were also 



















companion pancakes (Table 1) which could reflect a ter 
volume concentration of surface-embedded material than with 
the pancakes. Gas chromatograms of the mousse pancakes and 
flakes (Fig. 2c-e) indicate subtle but significant compositional 
differences between the two Ixtoc oil forms. The saturated 
(aliphatic) fraction of the flakes is more depleted in the lower 
boiling n-alkanes and reveals an unresolved complex mixture 
(UCM). Quantities of residual aromatics (Fig. 2d, f), consisting 
mainly of alkylated phenanthrenes and dibenzothiophenes, 
were reduced in the flakes although compositionally the two 
forms were similar. Figure 3 summarizes the hydrocarbon 
composition of wellhead mousse, Texas mousse pancakes and 
Texas mousse flakes. The presence of alkylated naphthalenes in 
the pancakes and their absence in the flakes indicates differences 
in the levels of the more soluble and potentially toxic naph- 
thalenes in the mousse. 

Changes in mousse composition can be attributed to rapid 
evaporation and dissolution’ in the early weathering stages and 
to photoxidation and evaporation in the later stages”, 
Differences between flake and skin compositions, reflected in 
severe depletion of aromatic hydrocarbons in the latter 
(compare Fig. 2f with A) are probably attributable to the 
importance of photoxidation in the skin. The high density of skin 
(>1.022 gcm™*) (Table 1) was due to a high proportion of 
embedded material. 

The world oceans are widely polluted with floating petroleum 
residues—pelagic tar''”'*. Approximately one-third of the 
pelagic tar samples from the Gulf of Mexico! and more than 
half of those from the central North Atlantic!” exhibit biomodal 
paraffin distributions in their gas chromatograms which indicate 
that the residues come from tanker sludge'*. The remaining 
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Fig. 1 A microscopic view of mousse flakes produced by 
weathering of Ixtoc 1 mousse pancakes in the Gulf of 
Mexico. a, A typical pancake and numerous flakes taken 
at Station 2 from the sea surface. b, Tungsten light 
penetration of two flakes from Station 2. c, Epifiuores- 
cence microscopy of flake surface showing skin thickness 
at S and semi-circular pipette imprint. d, Epifluorescence 
microscopy of flake from Station 1 showing dark regions 
not covered with light coloured skin but speckled with 
amorphous fluorescent material. e, Fortuitous freeze- 
etched electron micrograph of Station 1 flake skin with 
embedded diatom tests (D) and hundreds of tiny plates 
shown at higher magnification in f. g, Oil immersion 
epifluorescence microscopy of Station 1 flake surface 
showing exposed emulsion and a microbial colony (M) ina 
crevice of the flake. h, Freeze-etched electron micrograph 
of the interior of a Station 1 flake. 


pom 
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Table 1 Physical and chemical characteristics of Ixtoc 1 mousse taken from the surface of the Gulf of Mexico at different times and locations 
following the 3 June 1979 blowout 








Chemical composition 





Distance Maximum (% total) 
from time of Average Average —— 
wellhead weathering weight density Aliphatics Aromatics Polars 
Station* Sample (km) (days) (mg) (gm cm *)§ fy fr fa 

1 Flakes 1,025 79 5.1 (n = 122) 1.017 49.9 16.1 34.0 

2 Flakes 875 75 3.5 (n =44) 1.014 48.6 23.1 28.4 

3 Flakes 758 77 1.7 (n =171) 1.011 44.0 23.2 32.7 
Meanzs.d. 47.5#43.1 20.8 #4.1 31.74#2.9 

1 Pancakes 1,025 79 4200 (n = 15) 1.015 56.5 27.7 15.7 

2 Pancakes 875 75 87,000 (n = 6) 1.011 58.7 16.5 24.8 
Mean+s.d. 57.6#1.6 22.145.6 20.246.4 

l Pancake skint 1,025 79 <0.1 1.022 50.6 19.0 30.4 

4 Wellhead mousse 7 7 — — 55.7 25.0 19.3 

4 Wellhead oil-in-water <1 <] — — 49.3 42.6 8.1 


dispersion? 


ře 

* Station 1: 21 August 1979, 27°29' N, 96°44’ W; Station 2: 17 August 1979, 26°10' N, 96°24' W; Station 3: 19 August 1979, 24°10' N, 97°37' W; 
Station 4: 17 September 1979, 190°24' N, 92°12'°W. 

+ Pancake skin corresponds to the 5-10 um skin shown in Fig. 1c, d. It was isolated from pancakes by shaking them in seawater. Flakes produced 
floated with the pancakes while the tiny pieces of skin sank to the bottom, indicating a density greater than seawater (>1.022). 

+ Oil collected at the wellhead with a GO-Flo bottle before it had reached the surface (‘reference’ wellhead mousse). 

§ Density was measured by placing samples in solutions of different salinities. All samples sank at salinities 15% (1.009 g cm y 

|| Fractions were isolated by silica gel column chromatography” : Aliphatics—hexane eluate; aromatics—hexane/methylene chloride (50:50) eluate; 
polars-methano] eluate. 
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pelagic tar has a single paraffinic maximum in its gas chromato- 
gram which is thought to be typical of weathered crude oils'*""’. 
The distinction between this type of pelagic tar and Ixtoc 1 
mousse which also exhibits a single paraffinic maxima (Fig. 2c) is 
aot clear. The presence of a stable water-in-oil emulsion seems 
<0 characterize mousse. Mousse pancakes and flakes from Sta- 
tions 1 and 2 averaged 45-53% water as determined by centri- 
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fugation (after heating the mousse in a boiling water bath for 
10 min). Water contents of pelagic tars have rarely been 
measured but presumably the waxy tanker precipitates contain 
little if any water, and the other so-called weathered crudes with 
single paraffin maxima may have been emulsion or mousse. It is 
not known whether mousse can become non-emulsified pelagic 
tar nor how crude oil composition effects emulsion formation 





f, Aromatics 





Aikylated phenanthrenes and 
dibenzothiophenes 





Fig. 2 Glass capillary gas chromatograms of f,, saturated (left column) and f aromatic (right column) hydrocarbons from different Ixtoc 1 
mousse fractions. An unresolved complex mixture (UCM) appears as a hump below the peaks in most of the chromatograms. a, b, Fractions from 
‘reference’ wellhead oil obtained 0.4 km from the blowout (n-C,5, n-C11, and so on represent n-alkanes; farn, farnesane; pris, pristane; phy, 
phytane; N, naphthalene; P, phenanthrene; DBT, dibenzothiophene C,N, C,N, CiP C DBT and so on represent alkyl-substituted aromatics: 


GC, Hewlett Packard 5840A, 30-m SE-20 fused silica (J & W Scientific) splitless injection; temperature, 40-275 °C at 3° min”! 
! (c, d), Gas chromatograms of mousse pancakes obtained at Station 2 along the Texas coast ~875 km from the blowout site (see 


gas I em? min™ 


. Helium carries 


Table 1). IS, internal standard; (f;, androstane; fz, deuterated authracene). e, f, Gas chromatograms of mousse flakes from Station 2. g, h, Gas 
chromatograms of Station 1 skin (see Table 1). 
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Fig. 3 Relative compositions of wellhead mousse, Texas mousse 
pancakes and mousse flakes: a, saturates; b, aromatics. @. Well- 
head mousse; 44, mousse pancakes; ©, mousse flakes. 


and stability; some crude oils may even be incapable of forming 
pelagic tars because of low asphaltene content’. 

Our microscopic examinations suggest that biologica! factors 
are not directly involved in causing Ixtoc 1 mousse to crack and 
flake. Extensive microbial colonization could have been 
inhibited by the rate of flaking, by photochemical oxidation 
products'”** or by the lack of nutrient*’ in the surface waters of 
the Gulf. Evaporative weathering and physical fragmentation 
are thought to be the principal processes affecting pelagic tar 
residues at sea??? and wave motion has been postulated as a 
mechanism for mousse fragmentation®***. Our observations 
suggest that weathering processes first form a cracked, scaly 
surface on pancakes which then ‘flake’ in turbulent sea. The 
flaking process exposes fresh mousse within the pancakes and 
this relatively unweathered mousse creates surface sheen which 
emanates from the pancake until a skin forms. The skin flakes off 
on agitation thus ultimately breaking down the mousse pancake 
as well as altering its composition. 

Flaking of stable, water-in-oil emulsion particles seems to be a 
significant intermediate in the open-sea dispersion of the Ixtoc 1 
oil spill. The process causes an increase in the surface-to-volume 
ratio of spilled oil which would accelerate surface-dependent 
evaporative dissolution and photochemical weathering and 
enhance the rate of microbial colonization. The increased 
density of the flakes relative to pancakes means that their 
lifetime in the water column may be shortened. The persistence 
of floating pancakes may be short-lived because of flaking. 

We thank John Robinson, John Farrington, Donald Atwood, 
Pat Parker, Tony Amos and the scientists and crews of the RV 
Longhorn and RV Researcher for encouragement, constructive 
criticism and support. This work was supported by NOAA anda 
small grant from the Georgia Research Foundation. ` 
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Annually laminated freshwater lacustrine sediments have been 
recorded at several sites in central Europe’*, North America®” 
and Fennoscandia‘*™‘. The presence of laminations may reflect 
either (1) regular changes within the lake ecosystem itself or (2) 
variation in the intensity of erosion and transport of material 
from the catchment, particularly where instability in the lake- 
watershed system has occurred as a result of human activities”. 
The principal cause of lamination is, therefore, seasonal varia- 
tion of environmental conditions, particularly climate. Lakes 
with laminated sediments tend to be physically deep, exhibit a 
strong seasonal stratification, and be situated in areas of 
continental climate. We describe here what we believe to be the 
first reported instance of a long sequence of laminated lake 
sediments from Great Britain. Unlike most of the previous 
examples, these have been formed in a shallow, polymictic lake, 
in an oceanic climate. 

Loe Pool (Fig. 1) is a eutrophic freshwater lagoon at 
~4m OD, 1 km south of Helston in south-west England (GR 
SW 648250, lat 50°4’N, long 5°17’ W) with an area of ~44 
hectares and a mean depth of 4m. Its catchment covers 
~50 km’, and is mainly farmland, with one major settlement 
(Helston, population ~ 10,000). The main stream entering the 
pool is the River Cober, which drains ~90% of the total 
catchment. In the nineteenth and early twentieth century this 
area was the site of extensive mining operations, principally for 
tin’. 
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Fig. 1 Loe Pool, Helston, Cornwall, showing depth contours 
{dashed line) and position of coring site (@). 


Three sediment cores were taken from beneath ~7 m of water 
at the location shown in Fig. 1, where studies (M.A.C. unpub- 
lished data) indicate that an undisturbed conformable sequence 
of sediments is available. One was obtained using a 3-m version 
of the Mackereth corer*® and two with 1-m in situ freezing 
device”. The Mackereth core was frozen at ~~20°C to 
preserve lamination. The surfaces of all cores were then cleaned 
while still frozen to facilitate description and photography of 
sediment structures. The stratigraphy of the three cores was 
easily matched by using prominent marker horizons and 
characteristic sequences of laminations. 

The cores were then allowed to dry in the freezer for a few 
days to allow adhesive tape preparations to be made'*. These 
enable the fine structure of the sediment to be examined, 
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especially for changes in abundance of sub-fossil diatoms. The 

stratigraphy of the sediment at the sampling site was: 

0-40 cm: Highly organic gyttja, with four or five pairs of light 
and dark brown laminations just below the sediment sur- 
face (0-5 cm), the rest more homogeneous. 

40-120 cm: Irregularly laminated sequence containing red and 
grey clays alternating with darker layers. 

120-300 cm: More regularly laminated sediment consisting of 
paired grey and black layers, average thickness 3 cm per 
pair, 

The sections 0-7.2 cm, 40-110 cm, 194-206 cm and 230- 
242 cm were examined. Remains of diatoms, other algae and 
vivianite crystals were recorded in consecutive 200-um fields. 
We shall concentrate here on information obtained from the first 
and third sections, results being presented in Figs 2 and 3. 

In all sections studied, diatom and other algal taxa appear in 
repeating sequences, the cyclic nature of which we attribute to 
seasonal algal production and sedimentation. It is therefore 
possible to define annual increments of deposition, which cor- 
respond closely with clearly visible stratigraphic changes. We 
can therefore identify laminations in these sediments which are 
truly annual in their nature. Interruptions to the sequence are 
mainly associated with the deposition of layers of clay, some- 
times massive, in which diatoms are relatively searce, and which 
we consider to represent dilution of diatom influx by allo- 
chthonous, clastic material. 

For example, in Fig. 2 (0-7.2 cm), six phases (a-f ) are defined. 
In each of these, Thalassiosira pseudonana and Cyclotella 
meneghiniana are succeeded by Asterionella formosa, Melosira 
granulata var. angustissima and then Melosira varians. In mon- 
thly plankton sampling of the pool by one of us (M.A.C) in 
1979, the first two taxa were prominent during spring and early 
summer, and the Melosira species in the autumn and winter. It is 
therefore considered that this sedimentary sequence records 
seasonal diatom succession in the pool, the Thalassiosira/ 
Cyclotella stages representing the spring and summer, the 
Asterionella/Melosira stages the autumn and winter. The 
appearance of Fragilaria spp, and ‘other’ (mainly sessile) dia- 
toms in layers thought to represent the winter, would then be 
consistent with the idea of increased influx of sediment fror the 
littoral and the catchment during these months. Sin he 
summer abundance of Pediastrum boryanum in lake plankton : 
samples is recorded in summer laminations. Crystals of vivianite 
(Fe,(PO,),.-8H,O) seem to be concentrated in some winter 
layers. This has also been observed in Lovojarvi (Finland)'”"*. 

In this section, summer layers coincide with the lighter bands 
of sediment, and winter layers with the darker. Below 5 cm, 
however, the sediment structure and the diatom peaks are less 
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Fig.2 IR photograph of and results of diatom, other algal and vivianite crystal counts from the section 0-7.2 cm of frozen sediment from Loe 
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Fig. 3 IR photography, and results of diatom and Cysta micro- 

carpa counts from the section 194-206 cm of a frozen sediment 

core from Loe Pool. Irregular, diagonal striations are caused by 
ice-crystal formation during freezing of the Mackereth core. 


well defined. Inspection of these and other cores indicates 
considerable bioturbation of the sediments between 5 and 
40cm. 

Figure 3 (194-206 cm) shows a section in which five peaks of 
diatom deposition (p-t) are separated by relatively barren 
layers. The most abundant taxa present are Chaetoceros muel- 
leri, Surrirella ovata and Synedra rumpens, which tend to appear 
in a sequence which denotes seasonal succession. On three 
occasions, maxima of these planktonic diatoms are immediately 
followed by peaks of Cysta microcarpa (sensu Nygaard)**. We 
interpret the planktonic diatom peaks, which coincide with 
darker bands of sediment, as representing the summer months, 
and the relatively barren layers, which correspond to the grey- 
brown clays, and in which ‘other’ diatoms largely occur, as the 
winter. 

Figure 4 clearly shows that despite the oceanicity of the 
climate of this part of Europe, a pronounced winter maximum of 
rainfall and stream flow occurs, and that summer temperatures 
substantially exceed those of the winter. This contrast between 
the seasons seems sufficient to account for the formation of the 
Loe Pool laminations. 
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Fig. 4 a, Mean monthly streamflow (River Cober, 1970-79); b, 

mean monthly rainfall (1941-70); and c, mean monthly tempera- 

ture (1960-74) for the Loe Pool catchment. Streamflow data from 

the South West Water Authority gauging station at Helston, 

rainfall data from Wendron, and temperature data from RNAS 
Culdrose. 


Le Pat enced companies methane. gpa Be e 


From 300 to ~ 120 cm these consist of pairs of black (summer) 
and grey-brown (winter) layers, recording increased inflow of 
clastic material in the winter months, covering a period of 
~60 yr. Then, between 120 and 40cm, massive clay layers 
occur, which, according to diatom analysis not described in 
detail here (H.L.K.S. and M.A.C., in preparation), cover a 
period of only 7 yr. Here a high proportion of the sediment 
consists of material originating as mining wastes, and peaks in 
planktonic diatoms are separated by as much as 20 cm of clay in 
which diatom influx has been considerably diluted, thus indicat- 
ing very rapid accumulation. We correlate this sequence with the 
most recent period of active mining in the catchment which 
ended in AD 1938. Within this section, two layers of red, 
haematite-rich clay occur, the upper at 40-46 cm, the lower at 
65-70 cm. Documentation?’ shows that during the 1920s and 
1930s the pool was heavily polluted by mining wastes, often to 
the extent that discoloration of the waters occurred. We there- 
fore conclude that the red clay layers were deposited during this 
time. Between 1860 and 1920 active, but less intensive mining 





Fig.5 Scanning electron micrograph of Thalassiosira pseudonana 
Hasle et Heimdal from Loe Pool plankton samples. (Photograph 
Martin Coard.) 


took place?®. Above 40 cm, laminations are not observed until 
~5 cm from the sediment surface. Here there are four or five 
laminations which are not visually prominent, but which are well 
defined in the algal stratigraphy. Between 5 and 40cm the 
sediment is considerably bioturbed, but '*’Cs analysis shows 
that the 1963 peak lies between 14 and 16cm depth. This 
suggests a mean accumulation rate for the section between 
16cm and the sediment surface of lcmyr™', which is in 
agreement with the rate calculated from lamination counts just 
below the sediment surface. 

The section 0-40 cm, between the top of the upper haematite 
clay and the sediment surface, thus represents the period since 
1938, and has a mean accumulation rate very close to 1 cm yr™’. 
Together with a sedimentation rate of 80cm in 7 yr for the 
section 40-120cm (based on diatom stratigraphy), and of 
3cmyr-! for the section 120-300 cm (based on lamination 
counts), this estimate allows us to conclude that the Loe Pool 
cores cover a period of ~110 yr. 

Between ~1870 and ~1920 the main cause of lamination 
seems to have been a steady inflow of mining wastes in winter. 
During the period of most intensive mining (1920-38) this 
increased to massive proportions (80 cm in 7 yr). Between 1940 
and 1975 laminations were not formed. The presence of the 
remains of numerous burrows indicates that this was a phase of 
considerable benthic activity. The formation of laminations in 
very recent years is attributed to increased eutrophy of the pool, 
which has led to occasional instances of anoxia at the sediment 
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surface during the summer months. These most recent lamina- 
tions are therefore being produced in different conditions from 
those formed at an earlier date, which may in part account for 
colour difference between the respective summer and winter 
layers. 

We thank Lieutenant Commander J. P. Rodgers and the 
National Trust for permission to carry out work at Loe Pool. We 
also thank R. S. Cambray for '’’Cs analysis and Dr A. C. 
Hamilton for the loan of a Mackereth corer. The work was 
carried out while H.L.K.S. and M.A.C. were supported by 
Devon Local Authority Research Assistantships, and H.L.K.S. 
by a grant from the Alfred Kordelin Foundation (Finland). 
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In seasonally anoxic lakes, the dynamic cycling of iron and 
manganese makes possible the study of geochemical cycling and 
processes of mineral formation, while the rapid lake processes 
may be a model for the analogous but slower oceanic processes. 
We have now measured concentration—depth profiles for iron 
and manganese to assess the flux of these elements from the 
sediments. The seasonal accumulation of iron in lake water can 
be accounted for by supply from the sediment, but the 
manganese profiles suggest that the major source of manganese 
is dissolution from particular material sedimenting through the 
water column. 

This research is part of a concerted programme’? on the 
geochemical cycling of iron and manganese in lakes. The 
characteristic features of the process in lakes subject to deep- 
water anoxia are well known**. Although the observed dis- 
tribution of the various forms of iron in such conditions has 
recently been related to individual rate processes on the basis of 
detailed measurements’, no such treatment exists for 
manganese. However, the concentration—depth profiles usually 
have a significantly different shape from those of iron, and this 
has been attributed? to manganese being more easily reduced. It 
has been assumed**’ that manganese is supplied from the 
sediment in anoxic conditions. Golterman® speculated that 
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manganese oxides may be reduced in the water column to Mn(I) 
with concomitant oxidation of Fe(11), and Delfino and Lee’ 
realized that dissolution or desorption processes in the water 
column could be significant to the generation of Mn (11). Despite 
detailed studies of manganese in seasonally anoxic lakes””"' the 
roles of dissolution of particulate matter or release from the 
sediment have not been clarified. However, most workers have 
looked at ‘macro-profiles’—concentrations measured at depth 
intervals of 1 m or greater—whereas to study sediment—water 
interactions ‘micro-profiles’—concentrations measured at 
centimetre distances from the sediment—need to be known. 

Water samples were collected from the seasonally anoxic 
Esthwaite Water'*” at approximately monthly intervals during 
the summer of 1980. A pump incorporating a sediment detec- 
tor’? was used to collect samples for both micro- and macro- 
profiles. The samples were analysed for Fe(i1) and Mn(11) by 
polarography"’, and for total iron and manganese by acid diges- 
tion procedures'*". 

Figure 1 shows the results with respect to distance from the 
sediment and time of the year. Regression analysis of the 
micro-profiles for both total and soluble manganese measured 
between 5 and 50 cm from the sediment showed that the change 
in concentration with respect to distance from the sediment 
(dc/dz) did not significantly differ from zero (P >0.8). The 
mean of the 11 values for dc/dz was —0.87 pg’ cm”! (range 
— 1.96 to +0.52). The slopes calculated from the macro-profiles, 
0.5-1.5m from the bottom showed that the total and polaro- 
graphic measurements gave similar results and the value of 

dc/dz was ~ ~0.5 pg D cm”, 

In contrast to manganese there is no polarographically 
measurable Fe(1) during May and June and it is only just 
measurable in early July (Fig. 1). During this time the total iron 
in the water column increases substantially. This has been 
explained’ by assuming that the oxidized sediment layer, 
which during the winter months overlies the very reducing 
sediment, is itself reduced when the lake stratifies and so Fe(11) 
diffuses into the water column. The overlying water is not then 
entirely reducing and so Fe(II) is oxidized almost immediately, 
and the resultant Fe(111) therefore builds up in the water column. 
When Fe(11) does appear in the water column in July and August 
a greater concentration gradient exists in the 25cm of water 
nearest the sediment. Using regression analysis to calculate the 
slope reveals that the flux calculated from the micro-profiles was 
10-30 times greater than that estimated from the slope of the 
macro-profile at 0.5-1.5 m. 

Davison et al.' have shown that the lateral flux of iron supplied 
from sediment at the same depth as the water must be taken into 
account. Moreover, towards the latter part of the season, dis- 
solution of particulate iron falling through the water column also 
becomes important. Thus the macro-profile cannot be used for 
estimating the direct flux from the sediment. However, from Fig. 
1 it seems that in the confined zone of the bottom 25 cm of water 
the chemical gradient from the sediment dominates the lateral 
component of water movement and so a gradient which reflects 
the sediment—water interaction is established. 

The seasonal increase in the iron and manganese in the 
bottom waters of the lake varies little from year to year’**. For 
1979, 1.73 and 1.34 tonnes of iron and manganese respectively 
had accumulated in the larger lake basin by the end of the 
season. Assuming that both elements may dissolve for a period 
of 12 weeks from all that sediment which may possibly become 
anoxic, that is below 8.5 m depth, the mean micro-profile value 
for 23 July 1980 and 14 August 1980 of -82 ugl’ cm™ for 
iron, results in 2.20 tonnes supplied from the sediment. For 
manganese, however, a slope of ~1 pg 17’ cm™* results in 0.027 
tonnes, only 2% of the manganese found to have accumulated in 
the lake. Therefore although iron may be sediment derived, 
even if a previously measured manganese concentration 
gradient, which is 5 times the value used here, is considered’?, 
manganese is not. This is verified by the shape of the manganese 
profiles. The virtual invariance of concentration with respect to 
depth in the stratified bottom waters indicates a lack of any 
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Fig.1 The concentration of polarographically measured iron (A), total digested iron (A), polarographically measured manganese, (©) and total 
manganese (@) versus dista nce from the sediment. The position of the oxycline below which oxygen is not measurable (<0.3 mg I1) by an in situ 


probe!” 


active point source or sink. Yet the progressive increase in 
concentration with time indicates a uniform supply of 
manganese at all depths. Comparison with the iron profiles 
shows that the shape cannot be accounted for by supply from 
lateral sediments; no similar increase in the waters in close 
proximity to the sediment is evident. On the macro-scale, supply 
from lateral sediment could not produce such a uniform profile 
because the ratio of sediment area-to-volume at any given 
stratum increases with depth. 

Profile shapes show that at most 50% of the flux of tron at any 
depth is due to dissolution of particulate material’. The cal- 
culation’’ uses the concentration gradient and a knowledge of 
the vertical eddy diffusion coefficient to estimate the flux 
between each horizontal stratum of water which was assumed to 
be uniformly mixed. The lateral sediment derived flux was taken 
into consideration and any flux imbalance was attributed to in 
situ dissolution processes. Using the profiles of 14 August 1980 
and 10 September 1980 for manganese the calculation suggests 
that dissolution accounts for 80-90% of the manganese flux. 
Although the approximations involved mean the results are 
semi-quantitative, the trend offers a possible explanation for the 
shape of the manganese profile. Particulate manganese from the 
inflowing streams must always be falling through the water 
column and may act as a source of supply for soluble manganese 
at all depths. The estimated 1.3 tonnes of manganese which 
accumulates in the hypolimnion results in a large increase in 
concentration in these bottom waters, but its contribution to the 
total manganese in the lake basin is not so great because of the 
relatively large volume of water in the surface layers. Before 
stratification uniform manganese concentration profiles with 
100 gl”! of Mn could be measured, suggesting that 0.4 tonnes 
of manganese were present in the lake before any accumulation 
began. Moreover, it was estimated by gauging that 6 x 10° m° of 
water flowed into the lake during June, July and August of 1980. 
The scant measurements indicate that the concentrations in the 
inflows are two to three times higher than in the epilimnion and 
so this volume of water probably carried ~1.2 tonnes of 
manganese into the lake. Therefore sufficient manganese must 


is indicated. On 12 May 1980 oxygen was still present at 4.8 mg 1”! 


near the sediment. 


either have been present in the lake or supplied to it, to account 
for the seasonal hypolimnetic increase. 

The rapid increase in both polarographic and total manganese 
below the oxycline (Fig. 1) shows that the rate of vertical mixing 
in the metalimnion is not sufficiently rapid to mask the oxidation 
of the reduced form. Although the profiles of particulate 
manganese can be deduced from the difference between the two 
components plotted in Fig. 1, no conclusions can be drawn 
because the fraction of the particulate concentration which 
dissolves at any depth will depend on the rate of supply of 
manganese to the lake, the rate of dissolution, the sinking rate 
and the gradient of redox intensity. Simple solubility cal- 
culations show that neither MnCQO, nor MnS can control the 
profile shape'*"”. 

The build up of manganese in the hypolimnion therefore 
cannot be simply attributable to dissolution from the sediment. 
The shapes of the iron and manganese profiles show that simple 
vertical transport processes cannot account for the near-vertical 
manganese profiles and in situ supply by dissolution of sedi- 
menting particulate material accounts for the observations. 

The present results agree well with those of related studies. 
Eaton”? showed thata considerable flux of the manganese in a 
fjord resulted from the dissolution of manganese oxides in 
anoxic conditions. There is evidence from estuarine work?!” 
for manganese redissolving in the upper estuary where low pH 
and Eh prevail. The manganese profile in the permanently 
anoxic Black Sea has been modelled on the supposition of in situ 
dissolution**. The same explanation may apply to a comparable 
peaked profile reported for a lake”; slight peaks have also been 
reported for other lakes**°. 

The interpretation of the iron and manganese ratios in the 
sediments of Esthwaite Water’’ has been based on the supposi- 
tion that a substantial manganese fraction is lost from the 
sediment during anoxia: these results may require fresh inter- 
pretation. Care must be taken in extrapolating the results from 
artificially enclosed sediment~water systems to lakes**?’7* 
because the possible input of manganese from dissolution of 
sedimenting particles is excluded. Mortimer*’ reported the 
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presence of soluble manganese 40 days after Fe) had 
appeared in his laboratory tank experiments, which contrasts 
with the natural system where soluble manganese appears first. 

Interstitial water profiles in sediments have been commonly 
used to estimate fluxes to the water column”. The rate of 
transport is usually ~10° times slower than in the hypolimnion 
studied here. As micro-profiles discriminating to <25 cm are 
necessary for the hypolimnetic waters, by analogy the resolution 
of interstitial water measurements needs to be to <0.25 mm 
because lateral processes such as interchange with labile mineral 
fractions can still occur. Therefore caution should be exercised 
in using interstitial water profiles to estimate fluxes through the 
sediment—water interface. | 

I thank E. Tipping for constructive criticism and C. Woof for 
technical assistance. 
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Although the biosynthesis of methylmercury in sediments is well 
established’, this is not necessarily the exclusive natural source 
of methylmercury entering the marine food chain, particularly 
commercial fish and shellfish species for human consumption. 
An examination of mercury levels in freshwater fish’, collected 
from a lake with a history of industrial mercury contamination, 
suggested that levels in fish are controlled in part by mercury in 
suspension and it followed that methylation should occur in the 
water column. Although methylmercury is present in seawater 
in coastal areas receiving discharges of waste containing either 
inorganic mercury? or methylmercury‘ there is no evidence that 
methylmercury is actually formed in the water column. We now 
present data which demonstrate that inorganic mercury can be 
methylated in the water column and we compare this production 
with that known to occur in marine sediments. 

In May 1979 experiments to investigate the movement of 
inorganic mercury between the water column and sediments 
were carried out using a large plastic bag (3 m diameter x 20 m 
deep) moored in an arm of a sea loch (Loch Ewe) on the west 
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coast of Scotland. This type of enclosure, which is closed at the 
bottom, has been used? to study the effects of low levels 
(~1ygdm™*) of pollutants, particularly metals, on natural 
populations of phytoplankton, zooplankton and other trophic 
levels captured in the bags. 

In our study, the seawater in the enclosure was initially spiked 
with inorganic mercury as HgCl., to a concentration of 
~0.5 pg dm™? using a method described elsewhere®. Seawater 
samples were analysed for total and ‘reactive’ mercury’. Sub- 
samples of the total settlement material, which was pumped 
daily from the bottom of the bag, were analysed for total 
mercury®, methylmercury’ and carbon (using a CHN analyser). 
Moderately active primary production was maintained by 
regular additions of nutrients to the plastic enclosure giving a 
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Fig.1 a, Relationship between methylmercury and total mercury 
in settlement material. (Regression analysis: y = 0.00885 x; r= 
0.91 and standard error of slope =0.00126.) b, Relationship 
between methylmercury and carbon in settlement material. 
(Regression analysis: y = 1.233 x; r=0.85 and standard error of 
slope = 0.294.) Both correlations are significant at the 0.01% level. 


mean chlorophyll level of 10.9 mg m7* and a mean fallout of 
organic carbon of 0.4 g C m™° day™’. 

Significant quantities of methylmercury (1-10 wg day ™*) were 
found in the settlement material. These concentrations were 
strongly correlated with concentrations of organic carbon (r = 
0.85) and total mercury (r = 0.91) in settlement material; both 
correlations are significant at the 0.01% level (Fig. 1). Because 
the seawater in the bag was isolated from the natural sediments 
in the sea loch throughout the experiment and because the 
settlement material was not allowed to accumulate for a long 
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period (about 24 h), we believe that a large part of the methyl- 
mercury was formed within the water column. 

The amount of methylmercury formed in suspension and 
collected with the settlement material is directly related to the 
total mercury associated with the particulate organic matter 
which in turn is dependant on the level of primary production. 
From Fig. 1 the ratio methylmercury (wg)/carbon (g) is 1.23 and 
the ratio methylmercury (ug)/total mercury (wg) is 0.0088: the 
latter may be compared with 0.001-0.003 estimated by Davies 
et al.” for a contaminated estuary. 

The present experimental results can be used to obtain a 
rough estimate of the importance of the formation of methyl- 
mercury in the water column. If the ratio of methylmercury to 
mercury of 0.0088 is a guide to what happens in the oceans, and 
assuming a mean concentration of mercury in the oceans”? of 
10 ng dm”, the total quantity of methylmercury in open ocean 
water is 121,000 tonnes. From the global production of carbon’, 
our measured ratio of methylmercury (yg) to carbon (g), and 
assuming that the rate of production of methylmercury is pro- 
portional to the total mercury concentration in open ocean, we 
estimate the amount of methylmercury formed each year in 
association with carbon fixation at 492 tonnes. 

The estimation of methylmercury concentration and produc- 
tion in marine sediments is complicated by the wide range of 
estimates''~'® of methylmercury production rates, from 0.1- 
240 ug cm” yr~'. Of the two estimates'*!* referring to sedi- 
ments having low mercury concentrations, one’ includes both 
water column and sediment production and the other‘ gives a 
minimum rate of production of 0.56 .gcm™yr-' based on 
uptake by plants and animals in the sediments (containing 
2 wg cm~* of total mercury). We use the latter value here. We 
take the mean concentration of mercury in marine sediments’ as 
0.3 ug per g wet weight (0.45 ugcm™°) and the fraction of 
mercury present as methylmercury in sediments'® as 0.1%. If 
the relevant volume of the sediment compartment is 3.61 x 
10'° cm? (corresponding roughly to a 10-cm depth over a sea 
bottom surface of 361 x 10'? m’) the total methylmercury in 
marine sediments is 16,200 tonnes. Similarly, production of 
methylmercury by sediments amounts to 450 tonnes 7 ae 

Knauer and Martin’’ found concentrations of 1.3-4.5 ng per g 
of methylmercury in selected phytoplankton samples from 
Monterey Bay, California. Using these data (mean value of 
3 ng per g) and an annual primary production of 2 x 10°” g wet 
weight we estimate that the total amount of methylmercury 
associated with the annual global production of phytoplankton 
is ~600 tonnes, This value is comparable with one we obtained 
for phytoplankton using data from our bag investigations. By 
comparison, the quantity of methylmercury (~48 tonnes) asso- 
ciated with the annual global production of fish! is small. 

These data indicate that not only is the ‘standing stock’ of 
methylmercury in the oceans greater than that in the surface 
sediments but that the annual production of methylmercury in 
these two compartments is similar. Investigations in the field are 
now necessary to verify our experimental findings and specula- 
tions. 
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The marine leatherback turtle, Dermochelys coriacea (Testu- 
dines, Dermochelyidae), is the largest known extant reptile, 
reaching weights >680 kg. It has a cosmopolitan oceanic dis- 
tribution, nesting in tropical climates but migrating widely into 
colder temperate and boreal waters’. Recent studies have shown 
that the leatherback has certain well developed thermoregula- 
tory adaptations: vascular counter-current heat exchangers in 
the flippers, thick subcutaneous insulation beneath its leathery 
shell and effective inertial homoiothermy, if not endothermy””, 
Whether this ability to maintain a body temperature higher than 
the ambient is due to endogenous endothermy or thermal inertia 
remains unclear**. The skeleton of Dermochelys remains 
extensively cartilaginous even in adult animals*’, which has 
been attributed to neoteny secondary to its highly pelagic habi- 
tat, based on the assumption that its skeleton resembled that of 
typical embryonic turtles”. However, up to now there have been 
no studies of the internal architecture of the leatherback 
appendicular skeleton. We report here that the chondro- 
osseous morphology of Dermochelys is unlike that of any 
other known extant turtle or reptile but is more similar to 
that of marine mammals, notably Cetacea (whales) and Sirenia 
(manatees). 

The typical hard-shelled marine turtles (Cheloniidae—genera 
Chelonia, Caretta, Eretmochelys and Lepidochelys) show a 
pattern of chondro-osseous morphology highly reminiscent of 
terrestrial or aquatic turtles®'®. A thick, distinct compacta is 
clearly delineated from a medullary cancellous region and the 
epiphyses are covered by a very thin avascular cartilage which 
serves the purpose both of articular cartilage and physis, or 
growth plate. The subchondral plates of the epiphyseal bone 
surfaces are smooth and perfectly parallel to the articular 
cartilages. The only difference in marine turtles is the failure of 
development of a medullary cavity. 

Dermochelys shows several important differences in skeletal 
morphology. In dried whole bones (with cartilage removed) the 
epiphyseal subchondral plates are not smooth, but instead 
present a rough, undulated, fenestrated surface which is not 
parallel to the contours of the articular cartilage surface (Fig. 1). 
In longitudinal sections of fixed whole bones each epiphyseal 
end has large cartilaginous epiphyses. Each of these, whether 
large or small, is filled with an extensive cartilage canal vascular 
system (Fig. 1). The vessels are both perichondral and trans- 
physeal in origin and allow continuity of circulation between 
metaphysis and epiphysis. Both large and small vessels cross the 
physis: the smaller ones probably participate in endochondral 
chondro-osseous replacement, and the large ones are probably 
involved in cartilaginous expansion and nutrition of the epiphy- 
sis itself. No secondary calcification or ossification centres 
develop in any of these cartilaginous areas. 

The diaphysis and metaphysis are filled with relatively dense 
cancellous trabecular bone without secondary medullary cavity 
formation. The metaphysis seems to be almost totally derived 
from endochondral bone formation and the diaphysis from a 
combination of endochondral and periosteal membranous 
growth. This is dramatically evident because of a combination of 
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Fig. 1 Dried whole humeri were prepared by dermestid beetle 
maceration from two Dermochelys coriacea, one Eretmochelys 
imbricata (hawksbill), three Chelonia mydas (green turtle), two 
Caretta caretta (loggerhead) and two Lepidochelys kempii (ridley). 
Sections of whole formalin-fixed humeri, radii, ulnas and 
metacarpals were examined from two C. caretta, two L. kempii and 
four D. coriacea (straight-line carapace lengths 135, 153, 175 and 
178 cm, estimated weights 260, 360, 470 and 470 kg; specimens 
found stranded in New Jersey during August-October 1979, and 
obtained from the Marine Mammal Stranding Center, Atlantic 
City). a, b, Natural and dye-injected longitudinal sections of the 
proximal humerus in a D. coriacea of 135-cm carapace length: 
medial process apophysis on the left, proximal epiphysis on the 
right. Small vessels of perichondral origin are seen in the centre of 
the apophysis; large transphyseal vessels are seen in both the 
epiphysis and the apophysis. c, View end-on of dried proximal 
humeral epiphyseal subchondral plate (cartilage removed) in a D. 
coriacea of ~190-cm carapace length. Arrowhead points to small 
metaphyseal end-arterioles participating in endochondral osteo- 
genesis; black arrow points to large transphyseal fenestrations 
allowing vascular access to the centre of the cartilaginous epiphysis. 
Also seen are coarse growth plate undulations, which probably 
serve as stabilization for the large chondroepiphysis, 


dark pigmentation in the periosteally derived trabecular bone 
and lack of internal ontogenetic remodelling (Fig. 2). Cones of 
light-coloured endochondral and dark-coloured periosteal bone 
are therefore formed, which radiate in a well delineated manner 
from the central nutrient artery located at the anatomic site of 
the initial diaphyseal ossification centre (see radiograph, Fig. 2). 

Tranverse sections of the mid-humerus show a cyclical varia- 
tion in bone deposition which is mainly peripheral, both in the 
endochondral and periosteal portions. Other than pigmentation 
differences it is difficult to delineate grossly endochondral and 


periosteal bone and the impression gained is of an amedullary 
cancellous region merging gradually peripherally into a slightly 
denser compacta, which is extensively vascular in the deeper 
portions but less so superficially, where it becomes a very thin 
shell of dense subperiosteal bone. 

In reconstructing the hypothetical growth of this bone, it 
seems that both patterns of bone formation occur contiguously 
for a certain period of time, with the endochondral cones of bone 
progressively diverging from each other at their bases and the 
intervening space being filled in by periosteal bone. However, in 
the sub-adult animal it seems that further elongation of the bone 
becomes solely derived from endochondral growth, with very 
little contribution from the periosteal bone apart from the 
continued formation of a very thin cortical compacta. This 
apparent change in growth pattern may represent a relative 
onset of skeletal maturity comparable with closure of the physis 
in mammals. However, as secondary epiphyseal ossification and 
growth-plate fusion do not occur in the leatherback, it is capable 
of continual growth throughout adulthood, this apparently 
being mainly endochondral. 

In all these features of chondro-osseous morphology the 
leatherback turtle appears most similar to marine mammals, 
notably the Cetacea (whales)'' and Sirenia (manatees)'*. Both 
of these groups also vascularize their epiphyses perichondrally 
and transphyseally, develop amedullary bones with retained 
endochondral and periosteal cones that are pigmented and do 
not remodel, show a gradual merging of cancellous into compact 
bone, and in some forms (the migratory beluga whale) also show 
cyclical bone deposition'':'*. The only discernible differences in 
the leatherback are the lack of secondary epiphyseal 
calcification and ossification, the point of relative cessation of 
periosteal growth in the sub-adult animal, and the presence of 
dark pigmentation in the periosteal rather than the endochon- 
dral bone, which is a reversal of the pattern seen in the marine 
mammals. 

No other known extant reptile shows this combination of 
chondro-osseous developmental features. Whereas some extant 
reptiles (for example, the varanid lizards, including the large 
Komodo dragon) vascularize their chondroepiphyses, this 
vascularization is always perichondrally or circumphyseally 
derived, never transphyseally'*. In addition, the vascularization 
is invariably followed by secondary calcification and ossification 
of the epiphysis. All other turtles and all crocodilians previously 
examined, including species of large body size, fail to vascularize 
their thin chondroepiphyses, which also remain cartilaginous 
throughout adulthood*'*. However, certain extinct reptiles 
show some similarities to the leatherback: plesiosaurs have been 
described as having endochondral and periosteal cones that do 
not remodel'*; ichthyosaurs, plesiosaurs, nothosaurs and 
mesosaurs are known to have amedullary bones with cancel- 
lous-compacta differentiation parallelling that of marine 
mammals'*'*®, and protostegid turtles have also been noted 
briefly to be somewhat similar in this respect’. All these fossil 
reptiles were highly adapted to a marine existence as shown by 
other skeletal features. Some fossil amphibians with 
pronounced marine modifications (certain stegocephalian spe- 
cies) also show a pattern of bone histology very similar to that 
described for marine mammals’*. Other extant vertebrates with 
marine adaptations have similar developmental patterns, not- 
ably pinnipeds (seals)'? and penguins*’. However, some marine 
vertebrates do not show this spectrum of characteristics—not- 
ably the typical hard-shelled marine turtles (Cheloniidae) which 
are, in most respects, similar to freshwater or terrestrial species. 

No terrestrial vertebrate has these chondro-osseous 
developmental features. The fact that such diverse groups as 
cetaceans, sirenians, pinnipeds, penguins, extinct marine 
reptiles and amphibians, and leatherback turtles have such a 
high degree of physical similarity in bone morphology suggests 
an underlying mechanism of marine adaptability which has led 
to a highly developed pattern of skeletal evolutionary con- 
vergence. The failure of some marine vertebrates (for example, 
hard-shelled turtles) to develop these characteristics fully may 
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Fig. 2 a, b, Actual and schematic longitudinal sections of 
unstained humerus of a D. coriacea of 135~cm carapace length. 
Endochondral bone is light coloured whereas membranous 
(periosteal) bone is dark. Note also the amedullarity, lack of clear 
cancellous~compacta differentiation and disappearance of pig- 
mentation at the superficial cortical margin. E, epiphyses; A, 
apophyses; F, ectepicondylar foramen; R, radial process apophy- 
sis. c, Radiograph of thin longitudinal slice of central diaphyseal 
portion of humerus showing central nutrient foramen and radiating 
cones of endochondral and membranous bone. Orientation as in 

Fig. 2a. 


be related either to an incompletely evolved system due to 
relatively recent marine adaptation, or to a different set of 
physiological demands being required for differing life habits. 
Some studies have suggested that the marine pattern of bone 
development may be related to the homeostatic requirements of 
prolonged deep diving'**'**. It has been hypothesized that the 
intense dysbaric and acidotic challenges produced by repetitive 
deep diving can be countered by a skeletal buffering system 
which becomes more effective through increased vascularity in 
denser, amedullary bone’. Probably also of significance are the 
altered skeletal biomechanics of a marine existence where the 
limbs are not needed to support weight but instead are subject to 
entirely different forces produced by propulsion or steering in a 
medium much denser than air. Theories have also been 
advanced supporting hypothyroidism’? and altered thermal 
relationships'' as the underlying mechanisms leading to marine 
skeletal characteristics. 

With regard to the phylogeny of Dermochelys, theories have 
vacillated between those supporting extreme specialization in a 
recently derived form and those favouring extreme primitive- 
ness. Current taxonomic opinion accepts the former theory and 
is based on many similarities to the hard-shelled turtles”? 
However, strong arguments supporting the latter have also been 
advanced in the past’*?°"". We suggest that the chondro- 
osseous morphology of Dermochelys emphasizes its extreme 
distinctness from other extant marine turtles (and. turtles and 
reptiles in general). Whether this distinctness is recently derived 
or primitive cannot yet be answered. 
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Theories concerned with the phylogeny of endothermy and 
the origin of mammals from reptiles have stressed the relation- 
ships of increased body size and thermal inertia? as well as 

altered bone histology”. It has been suggested that endothermy 
evolved separately in a number of extinct reptile groups*’, and 
that transphyseal vascularization of a permanently cartilaginous 
epiphysis may have been the pattern in early mammal-like 
reptiles”. The striking similarities in bone growth between 
Dermochelys and certain marine mammals, the presence of 
transphyseal vessels without secondary epiphyseal ossification, 
and the well developed homoiothermic (or endothermic) 
thermoregulatory adaptations suggest that this large animal may 
have developed along a course parallel to certain extinct endo- 
thermic reptiles, although in a group not previously thought to 
be undergoing this evolutionary process. In addition, the lea- 
therback turtle’s chondro-osseous morphology represents a 
striking and seemingly unique parallel between an extant reptile 
and modern marine mammals. 
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The ability to distinguish between kin and non-kin is critical to 
current theories. of altruistic behaviour and kin selection’. 
Hamilton’ predicted that individuals would behave differently 
towards one another depending on the genetic relatedness 
between them. When either proximity to or familiarity with kin 
is a good predictor of relatedness, the mechanism by which 
favouritism towards kin is accomplished may not require special 
kin recognition abilities’”. However, if proximity and familiarity 
are poor predictors of kinship, favouritism (hence increases in 
inclusive fitness*) could only be achieved by the differential 
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recognition of kin and non-kin. We have previously shown that 
Cascades frog (Rana cascadae) tadpoles reared with siblings 
prefer to associate with siblings over non-siblings®. The present 
study is the first to report that totally naive individuals (R. 
cascadae tadpoles) prefer to associate with siblings over non- 
siblings. Because tadpoles were separated before hatching and 
reared apart from other individuals, results suggest that the 
ability of these tadpoles to discriminate between siblings and 
non-siblings has some innate component. 

Sibling recognition has been reported in experimental studies 
of spiny mice (Acomys cahirinus)*’, pigtail macaques (Macaca 
nemestrina)? and American toad tadpoles (Bufo americanus)’. 
In each case, young were separated after birth or hatching and 
later given a choice of associating with siblings and non-siblings. 
In the mouse studies, sibling recognition was probably a result of 
learning during early development*’. Sibling recognition in 
pigtail macaques is possible in the absence of prior sibling 
association. It is unclear how sibling recognition develops in 
toad tadpoles. Although the existence of a genetic recognition 
system has been proposed in theoretical discussions of kin 
selection’ '°:'', experimental evidence (with the possible excep- 
tion of the macaque study”) is lacking. 

Two R. cascadae clutches were collected in the Oregon 
Cascade Mountains and transported to the laboratory in 
separate containers. Twenty eggs from one clutch (group A) 
were placed individually in opaque containers (A, individuals) at 
early embryonic development (yolk plug stage; stage 12, ref. 
12). The remainder of the clutch (250 tadpoles) was reared in a 
single aquarium (group A). A second clutch was divided in half 
(groups B, and B,; developmental stage 19, ref. 12) and each 

+ group was placed in a separate aquarium. 
, A rectangular tank (122 x 44 x 30 cm) was used to test two 
«tadpoles simultaneously for sib group preferences. To create 
sen@ compartments, a partition of 1.5-mm plastic mesh was 
pl aced 15 cm from each end of the tank. The remaining central 
oftion of the tank was longitudinally divided by an opaque, 
5 water-tight partition. When testing A, individuals, 25 tadpoles 
e fom group A and 25 tadpoles from group B, were placed in 
€ @pposite ends of the tank. When testing B, individuals, 25 
< tadpoles from groups A and B, were placed in opposite ends of 
the tank. For each test, these stimulus tadpoles were left undis- 
turbed for 15 min. Then, at the tank centre, one tadpole was 
released on each side of the partition and allowed to acclimatize 
for 10 min. Each tadpole was tested in four 5-min trials at 
10-min intervals. We recorded time spent in seconds in sib and 
non-sib halves of the tank. 

Tadpoles reared in total isolation since early embryonic 
development (A,) and tadpoles reared with sibs (B,) but given a 
choice of unfamiliar sibs or non-sibs preferred to associate with 
sibs. Both the number of individuals spending most of their time 
on the sib side of the tank (18/20 for A, and 16/20 for B,; 
P=(0.001 and P = 0.006 respectively, binomial test) and the 
number of seconds spent by each of these individuals were 
significant (Table 1). These results provide the first experimental 
evidence that an organism can recognize siblings after being 
separated from sibs while still embryos and after being raised in 
complete isolation. 

Long-term field observations on the social and ecological 
conditions surrounding early development of R. cascadae 
indicate that ample opportunity exists for sibling groups to 
develop’’. Females oviposit eggs in specific habitats in one or 
more localities around a lake or pond. Clutches are usually laid 
next to or on top of other conspecific egg masses. As they 
develop, dispersal from the site of oviposition tends to be low. 
Furthermore, larvae were never observed singly but always in 
close association with conspecifics. This tendency for R. 
cascadae to aggregate has been verified experimentally'>. It is 
likely that natural groupings of this species are comprised of a 
high proportion of siblings and early development occurs in the 
presence of sibs and non-sibs. 

Predation is probably one selective force for group formation 
in R. cascadae as they are palatable and preyed on by several 
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Table 1 Mean times out of 1,200 s spent by individuals on sib side of 
test tank when given a choice between sibs and non-sibs 








pease 


Seconds spent 


Individuals on sib side 
tested n (mean +s.e.m.) T 
Ay 20 702.6+ 20.65 157 
B, 20 682.2 + 33.22 SO? 
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Tests of A, tadpoles and B, tadpoles were made at 14-18 and 19-23 
days post-hatching respectively. The Wilcoxon signed rank test (one- 
tailed; t represents the test statistic)’ was used to test for significant 
departures from an expected random distribution of total times on sib 
and non-sib ends. Individuals from group A, were reared in 0.5~1 
containers. The other members of groups A, B, and B, were reared in 
38-1 aquaria, All tadpoles were reared in the same room in a 14-h light 
10-h dark photoperiod. The temperature in the laboratory was kept at 
20-22 °C. Tadpoles were fed rabbit pellets ad libitum. The same 25 
stimulus individuals were used for five tests, and were then discarded. 
Between tests, end compartment placements of As and Bs were alter- 
nated. Previously, two controls (20 tadpoles each from two different 
clutches) were run in the absence of stimulus groups to determine 
possible biases in the testing apparatus. In these controls tadpoles 
displayed a random distribution pattern’, Following each test, tadpoles 
were removed, the tank drained, rinsed and refilled to a depth of 6 cm 
with 34 | of dechlorinated tap water. No tadpole was tested more than 
once. Average developmental stages’? for groups A;, A and B were 
28.5, 28.0 and 28.0 respectively. 

*P<0.005; +P<0.025. 


species'*'*, Individuals can increase their fitness by living in 
groups and detection of predators increases with increasing 
group size’’. Although kinship alone is not a necessary 
prerequisite for the evolution of groups, an individual in a group 
consisting of many sibs who warns others of a predator may 
increase its inclusive as well as its individual fitness compared 
with an individual giving a similar warning in a group with fewer 
or no sibs'*?”, | 

Our data may be added to the few reports®° which suggest 
that some species preferentially associate with sibs over non- 
sibs. Significantly, there is a major similarity and a major 
difference between the present study and that of Wu et al.’ which 
greatly enhance the conclusions of both studies. The use of 
paternal half sibs by Wu et al.* and our use of individuals reared 
in isolation from an early embryonic stage show that individuals 
can recognize sibs without prior sib association. However, the 
macaques used by Wu et al. were allowed to associate with 
non-sib conspecifics during development whereas tadpoles in 
our study were reared in total isolation and had no exposure to 
conspecifics during development. Furthermore, we suggest that 
the ability to recognize sibs in R. cascadae may exist in early 
embryonic life. The results of this and another study to be 
reported in detail elsewhere’ are consistent with a genetic 
recognition system. In the latter study, two different clutches 
were reared from an embryonic stage in an aquarium separated 
by plastic mesh. This allowed chemical and visual contact 
between tadpoles during development. When given a choice of 
unfamiliar sibs or unfamiliar non-sibs, these tadpoles associated 
with unfamiliar sibs. When given a choice between a group 
comprised of an equal mixture of sibs and non-sibs (tadpoles 
with which they were reared) and an unfamiliar sib group, 
tadpoles associated with unfamiliar sibs. Although it is possible 
that individually reared tadpoles could imprint on their own cues 
(or subtle maternal cues from the egg mass jelly). results of 
tadpoles reared with non-sibs” argue against this. 

In organisms that undergo early development in the presence 
of non-kin (such as R. cascadae) or in those that disperse before 
associating with kin, a kin recognition mechanism that functions 
independently of experience may be required to achieve recog- 
nition. Our experiments are consistent with such a mechanism. 

We thank P. S, Dawson, W. G. Holmes, R. H. Porter, W. R, 
Rice, P. B. Samollow, R. R. Warner and J. A. Wiens for valuable 
comments. M. Bekoff, R. H. Porter and W. R. Rice critically 
reviewed the manuscript. 
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Cell adhesiveness is fundamental to a variety of biological 
phenomena, including tumour development and metastasis’ ~+. 
Recently, Bubenik et al.* have reported that in various malig- 
nant fibroblastoid cell lines those cells which demonstrated less 
adhesiveness were more tumorigenic. The relationship between 
cell adhesiveness, transformation and metastasis has been stu- 
died extensively in cells (fibroblastoid) grown as monolayers 
attached to their substratum and to each other**”, but, to our 
knowledge, there has been no report describing this relationship 
in suspension-borne (lymphoid) cells that grow free of each 
other and their substratum. We report here that substrate- 
adhering variant cells, selected from the tumorigenic, 
suspension-growing S49 mouse lymphoma, have impaired 
tumorigenicity. Furthermore, the substrate-adhering cells also 
have increased immunogenicity, as their inoculation into mice 
protects the mice from subsequent challenges with parental, 
non-adherent tumorigenic $49 cells. These findings suggest a 
new approach for the selection of immunogenic cells from 
suspension-borne tumorigenic cell populations. 

In our study, a subline of S49 mouse lymphoma cells’, 
descendants of clone 24.6.1 (ref. 11), was propagated in 
suspension culture and readapted to grow as a transplantable 
tumour in BALB/c mice'’. Selection for cells with increased 
tumorigenicity was carried out through serial passages as 
tumours in BALB/c mice. Tumour cells from the 25th passage, 
which formed tumours as early as 7-10 days post-inoculation, 
were transferred into culture medium (subline T-25). These cells 
retained the same tumorigenicity in vivo for at least 6 months 
after transfer into suspension culture. From T-25 cells we have 
selected without the use of mutagens a subline (designated 
T-25-Adh) able to adhere to the substrate bottom of tissue 
culture flasks (Table 1). This selection involved continuous 
enrichment of substrate-adhering cells by discarding the cells 
growing in suspension. While attached to their substrate, these 
cells continued to grow until a dense monolayer was formed. 


* Present address: Laboratory of Molecular Biology, National Cancer Institute, NTH, Bethesda, 
Maryland 202058, USA, 
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Table 1 Comparison between parental T-25 cells and their adherent 
variant (T-25-Adh) subline 

Immunizingt 

ability against 





Substrate . T-25 cells in 
Cells adhesiveness Tumorigenicity* syngeneic mice 
T-25 = za = 
T-25-Adh + ~= + 





Cells were propagated in culture in Dulbecco's modified Eagle’s 
medium (Gibco), supplemented with 10% heat-inactivated horse 
serum, penicillin (50 U ml” ') and streptomycin (50 pg ml‘). Cells were 
maintained at 37°C in a humidified atmosphere containing 5% CO. 
Adhering cells were detached from their substratum (bottom of tissue 
culture flask) by shaking. Cells were adjusted to 1 x 10° cells ml”! and 
10-ml portions were added to 50-ml tissue culture flasks (Costar 3050, 
25 cm”) and incubated at 37°C. At various intervals thereafter, flasks 
were tilted, aliquots taken out and the number of cells remaining 
unattached scored. From this, the percentage of attached cells was 
calculated. Although none of the parental T-25 cells attached, essen- 
tially all T-25-Adh cells attached to the substrate within 45-60 min. 
Assays were carried out only on samples in which viability, according to 
the trypan blue exclusion test, was > 95%. 

* BALB/c males, 8-10 weeks old, were inoculated with 1 x 107 cells 
intraperitoneally. Mice were checked daily, and the first day on which 
tumours could be recognized was recorded. T-25 cells (n = 16) 
developed tumours within 7-10 days and all the mice died within 13-15 
days. T-25-Adh cells (n = 14) did not develop any tumours for at least 
90 days. 

t BALB/c males inoculated intraperitoneally 90 days earlier with 
| x 10’ T-25-Adh cells (n = 10) and control BALB/c males (n = 4) were 
both inoculated with tumorigenic T-25 cells (1 x 10’ cells per mouse, 
intraperitoneally). Control mice developed tumours and died within 15 
days, whereas all the mice that had previously received T-25-Adh cells 
did not develop any visible tumours for at least 180 days. 


When the substrate was fully covered by a monolayer, cells 
appeared in the liquid phase of the medium above. These 
cells then continued to divide normally as a suspension of 
single cells or small aggregates of a few cells. When the free- 
floating cells were transferred to a new culture flask, they 
attached to the substrate with the same kinetics as their parental 
adherent cells. 

When T-25 and T-25-Adh cells were inoculated into 
BALB/c mice, only mice that had received the T-25 (non- 
adherent) cells developed tumours (100% within 10 days) and 
died within 13-15 days post-inoculation. On the other hand, 
mice that received the same inoculum of T-25-Adh (substrate- 
adhering) cells did not demonstrate any visible tumours for at 
least 90 days (Table 1). These findings demonstrate that the 
selection for substrate-adhering $49 cells significantly decreases 
their tumorigenicity in BALB/c mice. 

We tested whether the decrease in tumorigenicity of the 
substrate-adhering cells involved an immune response 
component, by exposing BALB/c mice that had previously 
received T-25-Adh cells to a challenge with 10’ tumorigenic 
T-25 cells per mouse. BALB/c mice of the same age group that 
had not been previously subjected to T-25-Adh cells were 
controls (Table 1). T-25-Adh cells were able to confer on 
BALB/c mice immunity against a challenge of suspension- 
growing tumorigenic T-25 cells. Furthermore, in preliminary 
experiments, the immunizing ability against T-25 cells could be 
adoptively transferred to BALB/c mice via spleen cells from 
mice previously inoculated with adherent (T-25-Adh) cells. 

Both the selection for substrate adhesiveness and immuniza- 
tion procedures have been repeated with another tumorigenic 
subline, T-40 (derived from the 40th passage in vivo), and its 
selected adherent variant, and a tumorigenic subline derived 
from descendants of a different clone (24.3.2) of $49 cells". 
Here again, the adherent variant cells demonstrated impaired 
tumorigenicity concomitantly with increased immunogenicity 
when compared with their suspension-growing parental cells. 
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This report demonstrates for the first time that the relation 
between increased cell adhesiveness and decreased tumori- 
genicity””''* may be applied to malignant cells of the lymphoid 
category. Furthermore, the impaired tumorigenicity of sub- 
strate-adherent $49 cells is, at least in part, the result of an 
increase in their immunizing ability. 

Xenogenization or heterogenization are general terms now 
used to describe all attempts to make tumour cells antigenically 
foreign to their host so that they may be used more effectively in 
immunotherapy and immunodiagnosis. Several approaches are 
used for the biological xenogenization of tumour cells'**', a 
comprehensive summary of which was published recently**. Our 
findings in $49 cells suggest a new and somewhat different 
approach for the xenogenization of malignant lymphoid cells. 
Here, the isolation of immunogenic, non-tumorigenic cells is 
based on a simple selection for substrate adherence. The nature 
of the cell-surface change(s) that took place on transition from 
free-floating to substrate-adhering, non-tumorigenic, immuno- 
genic $49 cells is being investigated. Furthermore, it is of both 
mechanistic and practical significance to find out whether the 
approach taken here is also applicable to other lymphoid tumour 
cell lines. 

This work was supported by a special fund from the faculty of 
Mathematics and Natural Sciences, The Hebrew University of 
Jerusalem, to J. H. 
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Fibroblast traction as a 
mechanism for 
collagen morphogenesis 
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To make visible the traction forces exerted by individual cells, 
we have previously developed a method of culturing them on 
thin distortable sheets of silicone rubber’. We have now used 
this method to compare the forces exerted by various differen- 
tiated cell types and have examined the effects of cellular 
traction on re-precipitated collagen matrices. We find that the 
strength of cellular traction differs greatly between cell types and 
this traction is paradoxically weakest in the most mobile and 
invasive cells (leukocytes and nerve growth cones). Untrans- 
formed fibroblasts exert forces very much larger than those 
actually needed for locomotion. This strong traction distorts 
collagen gels dramatically, creating patterns similar to tendons 
and organ capsules. We propose that this morphogenetic 
rearrangement of extracellular matrices is the primary func- 
tion of fibroblast traction and explains its excessive strength. 


As a tissue culture cell spreads on one of our silicone rubber 
substrata, the traction force with which the cell margin pulls 
itself forwards compresses an area of the rubber sheet beneath 
the cell (Fig. 1a). The thin rubber sheet becomes folded into 
wrinkles of two kinds: compression wrinkles directly beneath 
the cell, running transverse to the force, and tension wrinkles 
which radiate outwards from the cell margins in the direction of 
maximum stretching. Of the cells we have examined, the 
strongest traction was exerted by fibroblasts from embryonic 
chick heart, skeletal muscle and tendon, dermis and the choroid 
coat of the eye, and by BALB/3T3 mouse cells. Individual cells 
of these types produced numerous wrinkles beneath and around 
themselves (Fig. 1a, b). Glial cells from dorsal root ganglia and 
platelets from human blood also exerted very strong traction. In 
contrast, epithelial cells (from embryonic chick epidermis, pig- 
mented retina and liver parenchyma) were considerably weaker. 
These could still distort the rubber sheet, but only when many 





Fig. 1 Tissue culture cell spreading on thin layers of silicone 
rubber. The traction by which the cells spread and propel them- 
selves is shown by the wrinkles formed in the rubber sheet. Silicone 
rubber substrata were made by flaming the surface of 30,000 cP 
silicone fluid (polydimethylsiloxane, Dow-Corning; see ref. 1 for 
details of method). a, An individual 3T3 cell which has compressed 
the rubber layer beneath its leading margin into numerous folds. 
We call this pattern of distortion compression wrinkles. Scale bar, 
10 um. b, Group of dissociated chick heart fibroblasts produce a 
more complex pattern of substrate distortion, composed of 
compression wrinkles and tension wrinkles, which radiate from the 
cell margins and often run between cells. Scale bar, 100 um. c, 
Although numerous growth cones extend in a wide band from this 
explanted dorsal root ganglion, no wrinkles form beneath or 
adjacent to them. The wrinkles visible are tension wrinkles ori- 
ginating from the two peripheral glial cells. Scale bar, 100 um. 


i i 


0028-0836/81/120249—03$01.00 


© 1981 Macmillan Journals Ltd 





Nature Vol. 290 19 March 1981 


wrinkled substratum so that it is pulled rapidly sideways by the 
elastic relaxation of the rubber. Such elastic retractions often 
displace fibroblasts by distances of many tens or even hundreds 
of micrometres, distances which correspond to the area of 
rubber sheet they had compressed beneath themselves while 
spreading. During these retractions the cell bodies are pulled at 
speeds of up to 10 um or more per second, which is much faster 
than the speed at which the margin of these cells advances during 
normal locomotion (0.5-1 um min~'). When we consider that 
the elastic pull of the rubber cannot be any stronger than the 
cellular traction which originally distorted it, it becomes clear 
that the cell's traction is sufficient to propel it 100-1,000 times 
faster than normal cell locomotion. Thus we conclude that 
fibroblast traction is at least two or three orders of magnitude 
stronger than that needed to propel cells of this size at their 
normal speeds. 





Fig. 2 Collagen substrata are distorted by cellular traction in a 
pattern similar to the wrinkling of silicone rubber. a, Dermal 
fibroblasts spreading over a thin film of dried collagen produce a 
pattern of substrate folding, equivalent to compression wrinkling. 
Collagen solution (Vitrogen 100, Collagen Corporation) was 
pipetted onto glass coverslips, dried with a stream of sterile air and 
washed with phosphate-buffered saline (PBS) to remove the acid. 
Trypsin-dissociated fibroblasts from 7-day chick embryo skin were 
then seeded onto the collagen films. 6, Dermal fibroblasts grown in 
reconstituted collagen gels do not generate wrinkles, but do align 
the flexible collagen meshwork around themselves. Around the cell 
body collagen is packed perpendicular to the direction of cell 
locomotion, while beyond the cell margins, sprays of collagen are 
aligned parallel to the long axis of the cell. This is equivalent to the 
compression and stretching seen in Fig. 1b. Collagen gels were 
prepared by mixing collagen solution with 5 x Dulbecco's modified 
Eagle's medium, fetal calf serum, NaOH and PBS (5:2:1:0.7:1.3 
by vol) at 4°C. Bar, 50 um. 


cells pulled in concert. Weaker still were transformed cells of the 
lines L-929 and CHO as well as $V40 virus-transformed 3T3 
cells, These cells could only deform the rubber visibly where it 
was already wrinkled or torn. The weakest traction was exerted 
by macrophages (from mouse peritoneum), polymorphonuclear 
leukocytes (from human blood) and nerve growth cones (from 
embryonic chick sensory ganglia). Their weakness was not just a 
reflection of smaller size. Even when dozens of nerve growth 
cones lay side by side, their cumulative tractional strength was 
still too weak to distort our weakest rubber substrata (Fig. 1c). 

Hence the paradox is that the most mobile cell types exert the 
weakest traction while the contractile strength of fibroblasts is 
very much larger than that needed for cell locomotion. To 
estimate the factor by which fibroblast traction exceeds that 
needed for locomotion, we have analysed time lapse films in 
which one margin of a spreading fibroblast breaks loose from the 


Fig. 3 Comparison of distorting effects of fibroblast traction on 
silicone rubber sheets and collagen gels. a, Marginal outgrowth 
zone of an explanted 8-day chick ventricle after 48 h in culture on 
silicone rubber. Adjacent to the explant (bottom of the field) the 
rubber layer is compressed into a mass of circumferential folds. 
Beyond the explant the silicone film is stretched resulting in radial 
wrinkles which continue far beyond the margins of the explant. b, 
The pattern of distortion is equivalent when heart explants are 
grown in collagen gels and viewed with polarized light. Adjacent to 
the explant a bright birefringent ring is visible consisting of a 
capsule of compressed collagen wrapped circumferentially around 
the explant. Next there is a dark band lacking birefringence where 
collagen is being compacted and pulled towards the explant by the 
migrating cells within this area. Collagen fibres farther from the 
explant are stretched, resulting in a radial pattern of fibre orien- 
tation. Scale bars, 100 um. 
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Fig. 4 Two centre effects form in collagen gels even when explants are separated by a distance spanning over 1.5 cm. Collagen fibres become 
aligned into long axially oriented tracts interconnecting two centres of traction. Heart explants from 8-day chick embryos after 96 h in culture. 
Scale bar, 1 mm. 


Fibroblast traction ought to distort any sufficiently flexible 
material and we have studied its effects on collagen, the normal 
substratum of fibroblasts within the body*. When aqueous solu- 
tions of collagen are air dried to form thin sheets, fibroblasts 
wrinkle these sheets just as they do rubber substrata (Fig. 2a). 
When the collagen is reprecipitated as a thick gel, wrinkles are 
no longer formed. Instead, fibroblast traction compresses and 
packs the collagen fibres together around and behind the cell 
bodies. Beyond the cellular extensions which exert this traction, 
the collagen fibres are stretched into alignment (Fig. 26). Bell, 
Ivarsson and Merril? have previously described the contraction 
of collagen gels by fibroblasts. Our observations suggest that 
these distortions are caused by direct cellular traction—the 
combined motility and contractility of the cells exerting strong 
shear forces tangential to their surfaces. Note that this traction is 
distinct from simple contraction like that of a muscle. For 
example, the cells elongate instead of shorten as they compress 
and stretch the collagen around them. 

When tissue fragments are explanted into collagen gels, the 
cumulative traction of many fibroblasts pulls the gel 
centripetally to form a dense capsule of compressed collagen 
fibres wrapped around the explant surface (Fig. 3). The region of 
gel farther from the explant is stretched into radial alignment 
with a 90° rotation in fibre alignment occurring where the 
fibroblasts exert their traction. Between adjacent explants the 
pull of this traction aligns the collagen into straight bundles (Fig. 
4) which can be more than 1 cm long! The development of these 
traction fields demonstrates that collagenous structures such as 
tendons, ligaments, organ capsules and dermal tessellations*~® 
need not be laid down by direct secretion of collagen fibres into 
their eventual arrangement’. Instead, fibroblast traction can 
rearrange and re-pack collagen into these patterns, even begin- 
ning from a totally random meshwork. 

These traction fields resemble Paul Weiss’ centre effects, 
which lends support to his theories of nerve guidance? but 
suggests that guidance should be towards foci of strong traction 
rather than high growth rate. Our findings also point to fibro- 
blast traction as the cause for the apparent contraction of 
collagen networks around deep wounds, burns and surgically 
implanted prostheses”""'. 

We had assumed originally that substratum distortion was 
merely an incidental by-product of cell locomotion, useful for 
studying its mechanism. However, these results suggest that 
traction has evolved to serve morphogenetic functions going 
well beyond cell displacement. 

This work was supported by NIH grant GM-24251. 
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immune to Theileria parva 
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The protozoan parasite Theileria parva, which is transmitted by 
the tick Rhipicephalus appendiculatus, produces an acute fatal 
infection in the lymphoid system of susceptible cattle’. This 
disease is a serious constraint to livestock improvement and 
production in large areas of East Africa’. The parasite invades 
host lymphocytes, inducing rapid proliferation followed by 
widespread lymphocytolysis*. Cattle which recover from 
theileriosis (East Coast fever) spontaneously, or which are 
immunized by infection and treatment with tetracycline’, are 
resistant to reinfection with the same isolate of T. parva for at 
least 3 yr*. Immunity against infection with the parasite cannot 
be ascribed to the production of specific antibodies*, but can be 
transferred adoptively between twins with thoracic duct leuko- 
cytes from the immunized partner“. These observations suggest 
that protective immunity is associated with cell-mediated 
mechanisms. We have now examined the capacity of leukocytes 
from immune cattle to lyse parasitized lymphoblastoid and 
non-parasitized tumour cell lines either directly or after stimu- 
lation in an autologous mixed lymphocyte reaction (MLR). In 
contrast to the nonspecific lytic activity of leukocytes from 
immune cattle reported by Pearson et al.’, we describe the 
sequential appearance in the lymph and blood of immune cattle, 
of cytotoxic leukocytes with activity restricted to target cells 
carrying the autologous genotype. These observations suggest 
that a major component of protective immunity to T. parva is 
mediated by cytotoxic cells which lyse parasitized cells in a 
genetically restricted fashion. We have also found that during a 
primary infection with T. parva cytotoxicity was manifested 
against allogeneic parasitized cells and xenogeneic uninfected 
target cells, but not against autologous infected cells. The fea- 
tures of cell-mediated immunity to T. parva during primary 
infection and immunization are discussed more fully elsewhere’. 

Studies of cell-mediated immunity in cattle and other outbred 
species have been hampered by the lack of syngeneic cell lines 
for monitoring the development of cytotoxic responses. In the 
case of T. parva, this limitation has been overcome by using the 
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Fig. 1 The efflux in central lymph of normal and infected lymphocytes 

following challenge of three immune calves with fresh sporozoites adsorbed 

on autologous PBL. Results are expressed as mean average total fm) and 

blast lymphocyte output per hour (~~-~); mean average percentage blast 

cells (—-) and mean average percentage of lymphocytes infected with 

macroschizonts of T. parva (A--~4A), as determined by direct 
immunofiuorescence'!'. 


ability of sporozoites of the parasite to transform in vitro leuko- 
cytes from normal cattle into lymphoblastoid cell lines infected 
with macroschizonts of T. parva’. We examined the specificity 
of cytotoxic responses of cattle immunized with T. parva using 
autologous and allogeneic infected target cells derived from 
such in vitro transformations, as well as xenogeneic non-parasi- 
tized cells (YAC-1). The latter is a mouse tumour cell line 
susceptible to lysis by natural killer (NK) cells of murine origin”, 
and we have found that it is lysed by normal bovine peripheral 
blood leukocytes (PBL). 

Freisian calves aged 6-8 months, serologically negative for T. 
parva, were immunized by subcutaneous inoculation with 
sporozoites of T. parva (Muguga) and a concurrent intramus- 
cular inoculation with long-acting tetracycline (20 mg per kg., 
Pfizer). Such immune animals were challenged subcutaneously 
4 weeks later with the same isolate of the parasite from stabilate 
or as fresh sporozoites adsorbed on autologous PBL. At inter- 
vals after challenge, cytotoxic responses were monitored in 
PBL. After a further 6 weeks, three calves received a sub- 
cutaneous inoculum of 5 x 10° autologous infected cells, and two 
calves were inoculated with another dose of infective 
sporozoites. Again, cytotoxicity was evaluated in PBL at inter- 
vals. after the second challenge. 





Table 1 Specificity of the cytotoxic response in immune animals after challenge 
with 5 x 10° autologous T. parva-infected cells 


meanman 





Target cell, 





% Specific lysis” 


PBL donor Theileria-infected (days after challenge) 
3 7 
Th-256 2.1 48.2 
255 Th-588 1.0 0 
Th-589 0 0 
Th-588 3:0 70.1 
58st Th-389 0 39.0 
Th-256 3.8 22 
Th-589 Jal 39.7 
5897 Th-588 4.5 51.5 
Th-256 4.7 0) 
e Th-256 5.0 5.3 
Normal} Th-588 5.2 4,3 
Th-589 2.3 0.5 





* Ratio of effector to target cells was 100: 1 in macroassays (Fig. 2 legend). 

t Animals 588 and 589 are chimaeric twins. 

+ Results are average of two normal control animals tested the same day as the 
immune challenged animals. 


When immune animals were challenged with sporozoites as 
stabilate, macroschizont-bearing cells were not detected in 
biopsies of the draining lymph nodes during the ensuing 3 
weeks, nor in lymph efferent from these nodes. Lymph node 
cells (LNC) from the draining lymph nodes were unable to 
stimulate an autologous MLR using norma! PBL cryopreserved 
before the primary infection, whereas they stimulated allogeneic 
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Fig. 2 Three calves were immunized as described and were inoculated 
subcutaneously 4 weeks later with a lethal dose of sporozoites of T. parva 
(Muguga) from stabilate. At intervals after challenge, PBL were purified 
using Ficoll-paque'' (Pharmacia) and were tested in standard 4-h micro- 
cytotoxicity’ and macrocytotoxicity assays’® against autologous and allo- 
geneic parasitized cell lines as well as a xenogeneic tumour cell line (YAC-1). 
All cells were suspended in RPML-1640 culture medium (Flow Labs) 
supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS), 
20 pg mi”! glutamine and 10 mM HEPES buffer. For the microcytotoxicity 
assay, 5x 10° target cells (in 50 p?) which had been previously labelled with 
200 pCi *'Cr (Radiochemical Centre} for 1h at 37°C, were added in 
duplicate to 200 ul of effector cells in flat-bottomed microtitre plates (Linbro 
96-TC), at effector : target (E:T) ratios of 80:1, 40:1, 20:1 and 10: 1. Plates 
were incubated for 4 h at 37°C in an humidified atmosphere of 3% carbon 
dioxide in air. Macroassays were performed in triplicate in plastic tubes, 
where 4x 10° target cells (labelled with 150 pCi °'Cr for 30 min at 37°C) 
were added to effector cells at E:T ratios of 100:1 and 50:1 in a total 
volume of 1 ml. The tubes were incubated as above for 12 h. Appropriate 
controls were included in both assays to determine total and spontaneous 
release of isotope. After incubation, 100 pl of supernatant was carefully 
collected from the microassay and 500 yl from the macroassay and counted 
in a y-scintillation spectrometer (Packard). Results are expressed as the 
percentage of specific lysis calculated from the formula: 


% specific lysis 


= 100 x maea nn 
total release c.p.m. — e p.m. in spontaneous release 


In addition, unidirectional MLRs were established using responder PBL 
from immune calves and stimulator cells from autologous infected cell lines 
which had been treated with 25 pg ml”! mitomycin C (Sigma) for 30 min at 
37°C. 4x 10’ PBL were added to 8 x 10° stimulator cells in 16 ml of culture 
medium {as above) supplemented with 10°*M 2-mercaptoethanol, 
100 IU ml"! penicillin and 100 pg mi~’? streptomycin. Aliquots (2 ml) were 
dispensed into 24 well 16mm culture plates (Linbro} and incubated at 
37 °C in a humidified atmosphere of 5% CO, in air. After 5 d, the viable cells 
were recovered, washed and used in the microcytotoxicity assay. the figure 
depicts results from macrocytotoxicity test (a@@) (50:1) direct (2%) and 
MLR-generated (c®) microcytotoxicity assays (40:1) using PBL effector 
cells against autologous (~---) and allogeneic infected target cells {~ O -), 
and efferent lymphatic lymphocytes (ELL) as effector cells against autolo- 
gous infected targets (A-—A). 
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Fig. 3 Cytotoxic response of PBL from two immune calves after a second 

challenge with stabilated infective sporozoites of T. parva which were 

inoculated subcutaneously 10 weeks after infection and treatment and 6 

weeks after the first sporozoite challenge. Results are depicted direct (all) 

and MLR-generated (b@) microassays (40:1) using as targets autologous 
(~~) and allogeneic (~ --) infected cell lines. 


MLRs (data not shown). This result contrasted with the 
substantial autologous MLRs initiated by LNC during the 
second week of a lethal primary infection'’. When the challenge 
consisted of freshly isolated sporozoites adsorbed on autologous 
PBL, a transient parasitosis (<0.5%) was observed in efferent 
lymph from the draining lymph node on day 9. In these calves, 
the proportion of blast cells increased sharply from 5 to 30% on 
days 8-9 after challenge (Fig. 1). Cells from lymph nodes in 
which parasites were detected induced MLRs in normal cryo- 
preserved autologous PBL. These results indicated that LNC 
are able to stimulate MLRs only when blasts, presumably 
infected cells, are present. Moreover, in immune animals chal- 
lenged with sporozoites in the form of stabilate, the infection did 
not progress to a stage where macroschizonts could be detected 
by immunofluorescence or where infected cells could stimulate 
an autologous MLR. 

Both challenge protocols with infective sporozoites elicited 
the development of cytotoxicity against autologous infected 
cells (Fig. 2a, b). Lytic activity was first detected in PBL 10-12 
days after challenge, was maximal around day 14 when 20-50% 
of specific lysis was observed, and declined thereafter, Unlike in 
primary infections, no cytotoxicity was demonstrable against 
allogeneic cells or xenogeneic target cells at any stage. In one 
animal, lymphocytes draining from the regional lymph node 
exhibited cytotoxic activity against autologous infected cells 
from days 9-14, after the parasitosis had disappeared and before 
the detection of lytic activity in PBL (Fig. 2a, b). Calves re- 
challenged with a second inoculum of sporozoites as stabilate 
also showed cytotoxic responses in PBL which were again 
restricted to autologous target cells (Fig. 3a). These appeared at 
day 7, earlier than after the initial sporozoite challenge. 

Similarly, strong cytotoxicity against autologous infected cells 
was found in three immune calves 6-14 days after challenge with 
5 x 10° autologous infected cells (Fig. 4a, b). This lytic activity, 
which ranged between 20 and 60%, declined during the third 
week after challenge; once again, no activity was detected 
against allogeneic infected cells or xenogeneic tumour target 
cells. Moreover, the cytotoxicity was not due to any unique 
sensitivity to lysis of the allogeneic and autologous cell lines 
used: in experiments using crossed combinations of effector and 
target cells simultaneously, cytotoxicity was consistently obser- 
ved against autologous but not allogeneic infected target cells 





(Table 1). After challenge with autologous parasitized cells, 
leukocytes from two immune twin calves killed infected cells 
of their respective partners as efficiently as autologous cells 
(Table 1). 

In other experiments, MLRs were performed using PBL from 
immune animals as responders and mitomycin-treated autolo- 
gous infected cells as stimulators. When PBL were taken 21 days 
after challenge of immune animals with sporozoites and cultured 
for 5 days, a relatively low peak of cytotoxicity (~20%) was 
observed (Fig. 2c). When PBL were taken from immune cattle 
7-24 days after challenge with autologous infected cells or witha 
second dose of stabilate, and cultured for 5 days, stronger 
cytotoxicity was detected (30-80% ) (Figs 3b, 4c). In both cases, 
lysis was confined to autologous infected targets. 

The present observations provide evidence that a population 
of specific cytotoxic cells is developed in cattle which have 
recovered from a primary infection with T. parva. These cells 
have the capacity to lyse autologous or cotwin but not allogeneic 
parasitized cells. The absence from peripheral blood of cytotoxic 
cells, and of precursors from which cytotoxic cells can be 
generated in MLR, at intervals other than those defined in this 
study, probably indicates that such cells reside in the solid 
lymphoid organs between encounters with the parasite. Follow- 
ing successive challenge with T. parva, specific cytotoxic cells 
enter central lymph and blood with a latent period progressively 
declining to a minimum of 6-7 days. Our findings demonstrate 
that cytotoxicity is effected directly by leukocytes collected from 
blood and lymph, discounting the necessity for an initial MLR to 
detect lytic activity’. 

The genetic restriction of the cytotoxic response against T. 
parva in immune animals reported here contrasts with the lysis 
of allogeneic target cells reported by Pearson et al.’. The reasons 
for the discrepancy are not clear, but may reside in the multiple 
inoculations of autologous infected cells that those investigators 
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Fig. 4 Cytotoxic response of PBL from three immune calves at intervals 

after challenge with 5 x 10° autologous infected cells which were inoculated 

subcutaneously 10 weeks after immunization and 6 weeks after challenge 

with stabilated T. parva. Results are depicted from direct macrocytotoxicity 

tests (a@) (50:1), direct (6M) and MLR-generated (c@) microassays 

(40:1) using as targets autologous (——) and allogeneic infected cell 
lines (~~~). 
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used to obtain PBL which expressed cytotoxicity after an MLR. 
Repeated challenges of immune calves with parasitized autolo- 
gous cells in our studies has only yielded cytotoxicity of autolo- 
gous infected target cells. After challenge of each of 18 immune 
animals so far examined, killing of allogeneic targets has not 
been detected in direct assays against a range of parasitized 
allogeneic cell lines. Alternatively, the former workers used only 
a single immune animal and one allogeneic infected cell target, 
and it was not established that this particular combination was 
genetically unrelated; effector and target could have shared 
some of the relevant histocompatibility antigens. 

The restriction of cytotoxicity by the cells of immune animals 
to autologous or chimaeric twin partner infected target cells is 
analogous to the restriction of T-lymphocyte-mediated cyto- 
toxicity of murine virus-infected cells'*, or hapten-modified 
syngeneic targets'*. This is the first time that such restriction has 
been observed for a protozoan parasite. By analogy. cytotoxic 
lymphocytes from immune cattle may recognize complexes of 
parasite-specific antigens and polymorphic host determinants 
(probably major histocompatibility antigens), on the surface of 
infected cells. Analysis of this interpretation will require more 
information about products of the major histocompatibility 
complex in cattle than is yet available. The kinetics of 
appearance and activity of specific cytotoxic cells suggest that 
these cells represent a major mechanism of recovery from 
infection. They are observed in animals that are being 
immunized by infection and treatment, and in immune animals 
challenged with sporozoites or macroschizont-infected cells. 
Recovered animals that are immune to the homologous isolate 
of the parasite are susceptible to some other isolates of 
T. parva **. If specific cytotoxicity is correlated with resistance, 
the effector cells would be expected to kill autologous cells 
infected with isolates of the parasite to which there is cross 
protection in vivo. Experiments are in progress to clarify this 
point, with the objective of developing a laboratory test to 
ascertain whether isolates or antigenic types of T. parva might 
be cross-protective in vivo, an important prerequisite for a 
vaccination programme. 

One approach to immunoprophylaxis against T. parva envis- 
ages using infected cell lines. With respect to this approach, 
genetic restriction of the cellular response to T. parva implies 
that successful prophylaxis requires the parasite to become 
established in the lymphocytes of the host. The factors which 
govern the transfer of T. parva macroschizonts from ailogeneic 
to host cells have not been elucidated. Although this exchange 
can occur, the process seems to be relatively inefficient, which 
may account for the large number (of the order of 10°) of 
allogeneic cells required to infect or immunize cattle. In 
contrast, infections can be initiated with as few as 100 autolo- 
gous macroschizont-bearing cells'*. Studies are in progress in 
this laboratory to characterize the antigeneic heterogeneity of 
the various isolates of T. parva and to define the nature of the 
genetic restriction involved in the acceptability of parasitized 
allogeneic cells by the host for vaccination. Cellular immunity to 
parasites has previously been attributed to production by 
lymphocytes of factors that activate macrophages so that they 
limit the multiplication of parasites within them. We now 
describe a new mechanism: direct killing by lymphocytes of 
parasitized cells. This may well also apply in other intracellular 
parasite infections, along with the genetic restriction defined 
here. 
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Natural cell-mediated cytotoxicity (NCMC) capable of in vitro 
lysis of various lymphoid and non-lymphoid tumours has been 
described in mice and other species, including man’. NCMC has 
been proposed as a first level of defence against tumour growth 
in vivo, one which does not need the priming of the conventional 
immunological response’. The effector cells of NCMC seem to 
belong to a special category of lymphoid cells, being neither 
classical T or B cells nor macrophages’; natural killer (NK) 
cells have been proposed as the prototype effector cell’, 
although some heterogeneity among effector cells seems to 
exist, depending on the target cells used for testing* *°. Two 
main subgroups of NCMC effector cells have been defined: NK 
cells directed against lymphoma targets’”*’ and natural cyto- 
toxic (NC) cells directed against solid non-lymphoid 
tumours***"!°, We describe here another distinction between 
the two systems: while NK activity is low in mice homozygous 
for the beige (bg) gene™™™ NC activity in spleen cell pre- 
parations from these animals is comparable with that observed 
in the appropriate controls (bg/+ and +/+ littermates). The bg 
syndrome of mice affects lysosome, melanosome and enzymatic 
functions and is a homologue of the Chediak—Higashi syndrome 
of man’*. Defective NK activity in blood lymphocytes has also 
been reported in patients with Chediak—Higashi syndrome”. 
We also show that several mouse strains which have low NK 
activity, have normal or high levels of NC functions, expanding 
our previous observation that NC and NK cells are under 
distinct genetic control*”*. 

Table 1 summarizes the similarities and differences between 
NK and NC effector cells. As postulated earlier, it seems that 
NK and NC cells belong to a related, though distinct, family of 
effector cells, detectable in normal mice, which are capable of in 
vitro lysis of tumour cells without prior stimulation*** 

Table 2 shows our measurements of NK and NC activity of 
spleen cells against YAC-1 lymphoma and Meth-A sarcoma 
targets respectively, using C57BL/6J bg’/bg’ (line 4) and 
various controls (lines 1-3). Clearly NC activity is comparable in 
all groups studied, including the homozygous bg animals, while 
NK activity was detectable but significantly lower in the 
homozygous bg mice, in accordance with published reports''~"*. 
A small group of SB/Le mice which carry the bg gene derived 
from a radiation-induced mutation (the bg’ being a spontaneous 
mutation)!”"'8 was also studied (lines 5 and 6). While NC levels 
between the homozygous bg and controls were comparable, NK 
activity was again markedly reduced in the homozygous bg (line 
6). F, hybrids between C57BL/6J bg’/bg’ and SB/Le sa bg/sa 
bg also showed the same low NK reactivity (line 8), supporting 
the view that both bg mutations are acting on the same gene’”!*, 
and that the NK defect is not associated with the satin (sa) 
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In addition, Table 2 (lines 9-13) shows that other mouse 
strains such as A/J and some sublines’, SJL/J (S. Kaminsky and 
G. Cudkowicz, personal communication) and I/St mice, which 
show low levels of NK activity when tested against YAC-1 
targets, have normal levels of NC function against Meth-A 
sarcoma targets (‘normal’ means comparable with the syngeneic 
BALB/c strain*). Furthermore, I/St mice belong to the group of 
mouse strains with the highest NC reactivity against Meth-A 
targets". 

The observation that transplanted tumours grow better and 
produce more metastases in homozygous bg mice’™?! supports 
the view of a possible in vivo surveillance role?" of the NK cells. 
On the other hand, one study, using a small group of homo- 
zvgous bg and controls (8 mice per group), also showed that the 
incidence and time of appearance of sarcomas after adminis- 
tration of 3-methylcholanthrene were comparable’. This 
suggests that such ‘normal’ tumour incidence after chemical 
carcinogenesis in bg mice may be due to the adequate levels of 
NC cells present in such animals, as described here. Much larger 
groups of animals, as well as different carcinogen dosages have 
to be tested in homozygous bg mice and controls before this 
issue is settled. A similar speculation was made concerning the 
‘normal’ incidence of spontaneous and induced tumours in 
athymic nude mice?*, which have high levels of both NK*” and 
NC*'® activity. The single published study on incidence of 
spontaneous tumours in bg mice'’ showed that while the 
homozygous SB/Le bg animals had increased susceptibility to 
pneumonia, the incidence of lymphomas or other tumours was 
not increased. In fact, the incidences of lymphoproliferative 
lesions and lymphomas seemed to correlate more with the 
recessive gene sa than with bg'’. Some cases of Chediak- 
Higashi syndrome in man develop a lymphoma-like tumour”. 

Similar comments can be made concerning the other mouse 
strains with low NK but normal NC activity described in Table 2 
(lines 9-13). With the exception of SJL mice, which develop a 
high incidence of a reticulum cell lymphoid neoplasm”, none of 
the other strains can be catalogued as having high tumour 
incidence **-*”, A/J mice show high incidence of lung adenomas 
at 18 months of age***’ and mammary tumours in breeding 
females***° which are comparable with other mouse strains with 
normal NK activity. [/St mice in addition, are quite resistant to 
polycyclic hydrocarbon carcinogenesis***’. Again, as specu- 
lated, the ‘normal’ incidence of the common mouse tumours”* in 
these strains with low NK activity (and also in the case of A/J 
mice with a deficient ability to generate tumoricidal macro- 
phages**) may be due to the normal NC activity observed in 
these animals. The low NK activity in the SJL may contribute to 
the high incidence of lymphoid tumours in such animals, On the 
other hand, additional factors may also be operative in SJL mice, 
as these animals were specifically bred for high incidence of the 
lymphoid tumours**, and the incidence of spontaneous 
lymphomas is not clearly increased in mouse strains with low NK 
activity such as A sublines and 129/J (see ref. 3 for NK informa- 
tion and refs 24 and 27 for lymphoma incidence). Anti-cancer 
surveillance theories (whatever the mechanism for such surveil- 
lance) have predicted that an increase in tumour incidence 
would be the consequence of any spontaneous or induced 
interference with the surveillance device’’, but this was never 
clearly fulfilled for any surveillance model in animals or 
man 27.30. 

It is tempting to speculate that NK-NC cells represent some 
form of alternative pathway of immunological surveillance 
(‘alternative’ meaning that it is not mediated by T cells as 
originally proposed in the theory’, but that it is serving the same 
purpose of handling incipient tumours). Thus, animal models 
showing selective deficits of NK activity may become important 
for the determination of the in vivo role of such cells. However, 
using the same type of argument that we used in our criticism of 
the T-cell dependency of immunological surveillance”? >, it 
may be that the effects detected in the NK-NC systems against 
tumours are only by-products of effector systems which serve 
other functions in vivo, perhaps related either to regulation of 





Table 1 Comparison between NK and NC effector cells of natural 
cell-mediated cytotoxicity 


Meminati ca ita enw ercuvear m ma aman Sch rca CCCs en nee ee eee ee eta 


Similarities Differences 
Pre-existing high levels in Mouse strain distribtuion of 
normal hosts, no need for activity 


apparent priming 
No evidence of immunological 


Age of appearance 
Affect of in vive treatment 


memory with ®°Sr, oestrogen, 
Levels of activity influenced by cyclophosphamide 
interferon Surface determinants (FcR, 


Thy-1, NK 1, Qa 2 and 5, 
Asialo GM1) 


Type of activity (that is, activity 
against otherwise negative 
targets) influenced by interferon 
and interferon inducers 

No H-2 restriction for 
cytotoxicity 

High reactivity dominant in F, 
hybrids 

Present in athymic nude mice 
Tissue distribution 

No surface Ig and Ia negative 
Non-adherent 

Non-phagocytic 

Size 

In vive effects of irradiation 
and steroids 

Blocking of cytotoxicity by 
monosaccharides 





NC*5-5!9 and NK? cells were compared using mostly NK data with 
YAC-1 targets. Some of the properties suggesting differences are not 
general: NK cells against EL4 lymphoma targets are not affected by in 
vivo treatment with °°Sr (ref. 6), as are NC cells”; age of appearance of 
NC activity is usually earlier than NK, although that is dependent on the 
target cells used and in some cases activity is detected only at 3-4 weeks 
of age, as with NK”; with surface determinants, although NC cells are 
negative for those listed above“, note that while some markers like 
Asialo GM1 seem to be present on all NK effector cells**, other markers 
such as Thy-1, FcR or Qa 5 may be present only on fractions or 
subpopulations of NK cells*”**, The surface phenotype of most NK cells 
is NK 1 (refs 7, 38), Qa 2 (refs. 38), Qa 5 (ref. 38) and Asialo GM1 (ref. 
34) positive, while fractions of NK cells also express Thy-1 (refs 37, 38) 
and receptors for Fe (refs 2, 3). All these markers are absent from NC 
cells®-8.39, Other markers present on NK cells not yet tested in NC 
include Ly 5, Ly 6 and receptors for Helix pomatia‘”*°*. Some of the 
similarities also deserve comment. For example, NC cells show a certain 
degree of adherence to nylon wool’ which was also observed with certain 
types of activated NK cells'*, although the bulk of NK activity is 
non-adherent to nylon. The blocking of NCMC by monosaccharides’? 
also shows differences: while NC cells show some selectivity to blocking 
by D-mannose (and galactose), NK cells show less selectivity and other 
physiological sugars can also block NCMC, For a review see ref. 39. 


haematopoiesis, defence against virus or other infectious or 
parasitic agents'*:*"*. 

Note three points concerning the present comparisons: (1) 
The NK defect observed in beige mice, although profound, is not 
total, and some degree of reactivity can be observed either in 
long-term assays (G. Cudkowicz, personnal communication) or 
after in vivo administration of interferon inducers'?"'**. Thus, 
the present comparisons using a 4-h assay for NK but a 24-h 
assay for NC cells can be questioned. Kinetic studies of NC- 
mediated cytotoxicity have shown that most of the activity 
occurs within the first 12 h (refs 5, 8), there is no ‘activation’ of 
NC (or NK) cytotoxicity after 24h in the assay and there is 
undetectable production of interferon during the 24-h assay (E. 
Lattime, W. Stewart III and O. S., unpublished results), sugges- 
ting that NC cells are not a special kind of in vitro activated NK 
cell. In addition, the differences in the expression of surface 
antigens between NC and NK cells also argues against such an 
interpretation, especially as activated NK cells also express such 
markers as Oa 5 and Asialo GM1 (refs 33, 34). (2) Although the 
beige mice seem to be defective solely in NK-mediated cyto- 
toxicity'!'9, in vitro antitumour cytostasis and cytotoxicity by in 
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Table 2 NC and NK activity of spleen cells from C57BL/6J, homozygous bg’, heterozygous bg! and controls, and from other mouse strains with low 
NK activity (A/J and sublines, SJL/J and I/St) 








No. of NC activity anti-Meth A Nk activity anti-YAC-1 
mice Sn i TS 
Spleen cell donors tested 100 50 10 100 50 10 
1. C57B/6] +/+ 12 (12) 42+5.1 33+5.9 16+6.3 3742.5 2141.3 14+1.0 
2. C57BL/6J bg" /+ 3 (3) 42 (38-48)* 37 (33-41) 15 (15-16) 34 (31-38) 25 (20-33) 19 (12-28) 
3. C57BL/6J bg’ /+ and +/+ littermates 16 (12) 44+4.8 3445.7 2245.5 30+ 1.7 23+1.5 13+1.1 
4. C57BL/6J bg" /bg' 16 (16) 4143.9 3244.4 20+4.6 1441.1¢ 8+0.9 4+0.6 
5. SB/Le ++/++ and bg sa/++ 5 (5) 53+4.9 4044.7 27 + 3.0 2941.9 19+ 1.8 9+1.1 
6. SB/Le be sa/bg sa § (5) 5744.7 3343.5 25+2.8 4+0.6 2+0.6 0 
7. (CS7BL/6 x SB/Le)F, +/+ 10 (5) $545.1 40+4.] 29+ 3.0 38+ 2.3 2541.9 17+1.3 
8. (C57BL/6] x SB/Le)F, bg’/bg sa 10 (9) 5424.3 42+3.9 27+2.9 7+ 1.0 4+0.6 2+0.1 
9. A/J 11 (6) 4942.5 2643.4 15+1.4 1141.7 6+1.1 5+1.1 
10. A/Boy 10 (5) 4243.3 2643.4 10+1.2 10+ 1.8 §+0.7 2+0.8 
11. A.Tla®/Boy 10 (5) 3942.6 2044.3 17+1.6 12+3.4 942.7 4+1.5 
12. SJL/J 6 (6) 39+ 4.0 2742.6 1041.1 5+0.9 aS 0 
13. I/St 17 (10) 63+ 3.0 3944.1 2442.7 50.8 2+0,7 0 
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All mice were 6-8 weeks old when used as spleen cell donors, and in most cases were simultaneously tested for NC and NK activity. The beige mice, 
controls and A/J mice were obtained from Jackson Laboratories; the SJL/J mice were a gift from Dr G. Cudkowicz; the A and its congeneic pair 
A/T 1a? were obtained from Dr E. A. Boyse; the I/St mice were from our colonies‘, as were the bg F, hybrids and controls. All values presented are 
mean + S.E.M. of individual mice. Numbers in parentheses indicate number of mice tested simultaneously for NK activity. For details on the BALB je 


sarcoma Meth A and the A/Sn lymphoma YAC-1 see refs 4, 5, 8, 10. NC activity was tested using *H-proline 
50 and 10 effector/target ratios and 24-h incubation as described in refs 4, 5, 8. NK activity was tested with ` 


prelabeled adherent target cells, 100, 
Cr-labelled YAC cells in suspension, 


5 


using the same effector/target ratios in 4-h release assays as described in ref. 10. 
* As only three animals were tested, the results are presented as mean and range in parentheses. 
ft One animal had 32, 21 and 20% cytotoxicity at the three effector /target ratios tested. All the others had values of 15% or less at the 100:1 ratios. 


vivo activated macrophages is defective*’, while activity of in 
vitro activated macrophages and promonocytes of bg mice may 
be normal''"'***. Thus, the beige mice may have additional 
defects of cells, such as macrophages, putatively involved in 
defence against tumours, making bg an interesting model of 
NCMC deficiency, but certainly not the litmus test for definition 
of NK function in vivo. (3) The apparent tumour ‘selectivity’ of 
the NC-NK system for solid tumours versus lymphomas 
deserves comment. One proposed terminology even uses NK, 
for the conventional antilymphoma activity and NK; or NK- 
solid for a cell with similar characteristics as NC, although tested 
in a different assay’. ‘Solid’ is used throughout, in the traditional 
pathologist’s sense, opposing it to the diffuse malignancies such 
as leukaemia, and not defining a particular state of matter. Such 
tumour-type preference of NC and NK may not be absolute. 
Metastatic spread to the lungs of any type of tumour may be 
controlled by NK-like cells'’”°, while tumour growth in other 
sites may be controlled by NC-like mechanisms, at least for 
certain solid tumours. The in vivo studies with beige mice show a 
deficient response to lymphomas’? and melanomas’? (technic- 
ally a solid tumour, although ‘modified to be sensitive to NK 
cytotoxicity’ by long-term in vitro passage'”). Such deficiency is 
evidenced by an increase in local growth of the lymphomas”? and 
an increase in spontaneous and artificial lung metastasis from 
solid tumours’”*', On the other hand, local tumour growth of 
melanoma’? or the Lewis lung carcinoma*’, as well as the 
appearance of lymph node melanoma metastases’? were 
comparable in beige mice and controls. It is also tempting to 
speculate that the differences between tumour type and NC or 
NK cytotoxicity are due to the predominance on certain tumours 
(lymphomas compared with solid tumours) of determinants that 
are recognized by NC and NK cells respectively, perhaps related 
to either concentration or appropriate display of certain 
monosaccharides associated with membrane glycoproteins or 
glycolipids, as may be suggested by our studies of blocking of 
cytotoxicity, showing D-mannose preference for the NC 
system'”, 

Thus the beige mutation which affects NK cells has no effect 
on NC activity, a situation observed in other low-NK mouse 
strains such as A/J and sublines, SJL/J and I/St. Whether this 
situation explains the overall low tumour incidence of most of 
these strains, if indeed NCMC is considered as an antitumour 
surveillance device, needs further study. 
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The network hypothesis’ proposes that internal antibody inter- 
actions are crucial in the regulation of the immune system. Thus, 
injection of minute amounts of anti-idiotypic antibodies (anti- 
bodies specific for a particular set of antigenic determinants 
(idiotopes) associated with the variable region of a particular 
antibody or set of antibodies) can enhance or suppress the 
production of the corresponding set of idiotopes (the idiotype) 
in subsequent antibody responses of the animal’*, We have 
recently shown that idiotope expression can be enhanced and 
suppressed by monoclonal anti-idiotope antibodies of the IgG1 
class in concentrations approaching those of natural antibodies’. 
We now demonstrate that these regulatory effects are not due to 
differences in the constant parts of the injected antibody and 
antibodies of the IgG1 class in the recipient. Also, an IgG2a 
anti-idiotope antibody raised in C57BL/6 mice suppresses the 
expression of the corresponding idiotope in animals of the same 
strain when minute amounts are injected 2-8 weeks before the 
test immunization with antigen. These results indicate that 
antibody-mediated network interactions are physiologically 
important and suggest that the class of isologous anti-idiotypic 
antibodies may influence their regulatory properties. Finally, 
the enhancement and suppression of idiotope expression by 
IgG1 anti-idiotopes and the suppression by IgG2a is almost 
exclusively at the level of IgG but not IgM antibodies. 

We developed previously, by the KGhler-Milstein cell hybrid- 
ization technique’, a series of monoclonal antibodies of mouse 
origin each of which recognizes a particular idiotope charac- 
teristic for a subset of anti- NP (NP = 4-hydroxy-3-nitrophenyl- 
acetyl) antibodies of C57BL/6 mice". When IgG1 antibodies of 
this type were injected into CS7BL/6 mice and the animals 
immunized with an NP—carrier conjugate 1-8 weeks later, the 
expression of the corresponding idiotope in the anti-NP anti- 
body population was either enhanced or suppressed, depending 
on the dose of anti-idiotopic antibody: nanogramme amounts 
led to enhancement, microgramme amounts to suppression (ref. 
6 and unpublished observations). 

The antibodies used in these experiments originated from 
CBA mice and thus differed in allotype from IgG1 antibodies of 
the C57BL/6 strain. The experiment was therefore repeated in 
(C57BL/6 x CBA)F; animals for which the anti-idiotope anti- 
body would be ‘self’, at least with respect to its constant part. 
Groups of five animals were injected with 10 ng or 10 peg 
antibody Ac38 and immunized with NPs~CG (CG = chicken 
y-globulin) 4 or 6 weeks later. The experimental conditions 
were exactly as described in our previous paper’, except that the 
anti-idiotope antibodies were diluted in phosphate-buffered 
saline containing 5 ug mouse serum albumin per ml. The 
animals were bled 12 days after immunization with antigen and 
the sera were titrated for A; -bearing anti-NP antibodies and the 


4, bearing antibody (ug mi~ +) 


Ac38 idiotope (the idiotope recognized by antibody Ac38). This 
idiotope is expressed within the A- bearing antibody population 
which represents a major portion of the total primary anti-NP 
response in mice expressing the Igh’ haplotype’’*. The results 
of the experiment are depicted in Fig. 1. 

It is clear that 10 ng of antibody Ac38 enhance and 10 yg of 
the antibody suppress the expression of the Ac38 idiotope in the 
primary anti-NP response. There is no effect on the total amount 
of A,-bearing anti-NP antibodies. These results are strictly 
analogous to those previously obtained in CS7BL/6 mice® and 
thus demonstrate that allotype disparity is not responsible for 
the regulatory effect of these anti-idiotope antibodies. 

Sera from one of the two experiments depicted in Fig. 1 were 
analysed for the class distribution of idiotope-bearing and total 
anti-NP antibodies. The sera from the control groups were not 
available for analysis, as they had been used up in absorption 
experiments in which it was shown that elimination of NP- 
binding molecules from the sera also led to the elimination of 
more than 90% of idiotope-bearing molecules. We therefore 
included in the analysis sera from our previous experiments’, in 
which antibody Ac38 had been injected into C57BL/6 mice 
instead of (CBA x C57BL/6)F, animals. The results are shown 
in Fig. 2. 

The sera from the F, experiment were titrated for IgM, IgG1, 
IgG2a and IgG2b (Fig. 2a). IgG2a anti-NP antibodies were not 
detectable and IgG1 was the predominant class. The level of 
antibodies bearing the Ac38 idiotope was high in IgG in the 
10-ng group and reduced to background in the 10-ug group. 





Injection (weeks before immunization) 


Fig. 1 Serum antibody levels from (CBA x CS7BL/6)F, mice 
injected with: a, 10 pg Ac38 (A, A); b, diluent (7, W); and c, 10 ng 
Ac38 (O, @) 4 or 6 weeks before immunization with 100 pg 
NP,~CG. Mice were bled 12 days after immunization and 
individual serum samples collected for analysis. Individual values 
from the results of a solid-phase radioimmunoassay are plotted as 
yg ml’ of Ay-bearing antibody®. Open symbols represent the total 
amount of NP-specific antibody, closed symbols represent that 
fraction of antibody bearing the Ac38 idiotope. 
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In contrast, at the level of IgM, both groups exhibited similar 
levels of Ac38-positive anti-NP antibodies. The notion that the 
regulation of idiotope expression by antibody Ac38 operates 
mainly at the level of the IgG response is further supported by 
the data of the experiment with C57BL/6 mice (Fig. 2b). In this 
case the sera were analysed for idiotope expression in IgM and 
IgG1 as the major IgG component. Obviously enhancement of 
Ac38 expression appears mainly in IgG1 and not at all in IgM; 
suppression is complete in IgG1 and only partial in IgM. 

One might still argue that the experiments documented in Figs 
l and 2 do not reflect a physiological process in the immune 
system because antibody Ac38 was not induced in the strain 
expressing the Ac38 idiotope (C57BL/6), although this 
argument does not seem to make much sense in view of the 
extreme diversity of the antibody system. Nevertheless, we have 
started to produce, in the same idiotypic system, monoclonal 
anti-idiotope antibodies of CS5S7BL/6 origin. For this purpose 
C57BL/6 mice were sensitized with a conjugate of keyhole 
limpet haemocyanin and the anti-NP antibody B1-8, a mono- 
clonal IgM of C57BL/6 origin—the same protein against which 
our previous anti-idiotope antibodies had been raised®. The 
animals were boosted with the same conjugate 2 weeks later and 
their spleen cells fused with the myeloma line X63.Ag8-6.5.3 
(ref. 11) 3 days after boosting. All technical details of 
immunizations, the cell fusion technique’, the detection, cloning 
and propagation of cells secreting monoclonal anti-idiotope 
antibodies, the characterization of these antibodies and their 
purification have been described previously®. A cell line desig- 
nated A6.24 was isolated, cloned and propagated in 
(C57BL/6 x BALB/c)F, animals; it secreted large amounts of a 
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Fig. 2 Immunglobulin class distribution of total and idiotope 
Ac38-bearing anti-NP antibodies in the sera of groups of mice 
injected with different doses of anti-idiotope antibody (Ac38) and 
subsequently immunized with 100 ug NPg-CG. Each column 
represents the geometric mean (+s.d.) of the amounts of anti-NP 
antibody of a particular immunoglobulin class expressed within a 
group of mice. That fraction of antibodies bearing the Ac38 
idiotope is given by the shaded portion of each column. a, (CBA x 
C57BL/6)F, mice injected with 10 ng or 10 ug of Ac38 6 weeks 
before immunization with NP-CG, b, C57BL/6 mice injected with 
diluent, 100 ng Ac38, or 10 pg Ac38. Based on earlier results”, 
mice injected with 10 wg or 100 ng Ac38 were immunized with 
NP-CG 4 or 8 weeks later, respectively. Antibody concentrations 
were determined in a solid-phase radioimmunoassay. To 
determine total anti-NP antibody, hapten-binding 
immunoglobulin was detected with '**I-labelled, immunoglobulin 
class-specific antibodies (described in ref. 16). Those antibodies 
bearing the Ac38 idiotope were detected in a similar manner with 
the exception that the solid-phase coat was the F(ab), fragment of 
antibody Ac38 rather than a hapten-protein conjugate. 
Absorption experiments showed that virtually all (> 90%) idio- 
tope Ac38-positive antibodies bound the NP hapten. 


monoclonal anti-B1-8 antibody. The antibody was purified from 
ascites fluid by ammonium sulphate precipitation and 
subsequent chromatography on DEAE cellulose (DES52, 
Whatman) as described previously®. The purified material 
showed a single band in microzone electrophoresis, and on 
SDS-polyacrylamide electrophoresis’? in reducing conditions, 
two main bands appeared in the position of immunoglobulin L 
and H chains. It typed as an IgG2a in an enzyme-linked 
immunosorbent assay'’. In radioactive binding assays antibody 
A6.24 reacted with the B1-8 protein and its Fab and Fv frag- 
mentë and a fraction of C57BL/6 anti-NP serum antibodies (see 
below), but not with any of a series of myeloma proteins or, at a 
detectable level, with immunoglobulins from normal sera. The 
reaction of antibody A6.24 with B1-8 could be specifically 
blocked by an excess of NIP~BSA (4-hydroxy-5-iodo-3-nitro- 
phenyl—bovine serum albumin) but not of NIP-caproic acid. 
Antibody A6.24 thus behaves as a typical anti-idiotope anti- 
body detecting a group 2 idiotope in our previous nomen- 
clature®. This idiotope is distinct from the idiotope defined by 
antibody Ac38, as antibodies A6.24 and Ac38 exhibit different 
patterns of reactivity with a series of NP-binding monoclonal 
antibodies (data not shown), 

Antibody A6.24 is also distinguished from the previously 
used antibody Ac38 by its origin (C57BL/6) and by its class: it 
types as an IgG2a whereas Ac38 is an IgG1. How does injection 
of antibody A6.24 into C57BL/6 mice influence the expression 
of the corresponding idiotope (which we call idiotope A6.24) in 
the anti-NP response? Groups of age- and sex-matched 
C57BL/6 mice received 33 ng or 10 ug A6.24 intraperitoneally. 
Controls were injected with diluent alone. 2~8 weeks later the 
animals were immunized with NP,~CG and bled 12 days later. 
The protocol of the experiment thus followed exactly that of our 
previous, analogous experiments (see above and ref. 6). The sera 
were titrated for total A,-bearing anti-NP antibodies and for 
idiotope A6.24. The results of these titrations appear in Fig. 3. 

It can be seen that, as in the experiments with Ac38, 10 ug 
A6.24 profoundly suppress the expression of the corresponding 
idiotope, leaving the total anti-NP response untouched. 
Suppression is almost complete throughout the entire 
experiment. However, at the 33-ng dose which would have led 
to maximal enhancement in the case of Ac38°, antibody A6.24 
again produces suppression, although less pronounced than at 
the 10-yg dose. As previously’, there is an indication of oscil- 
lations of idiotope expression. The class distribution of the 
anti-NP antibodies in the sera from various groups of this 
experiment was also determined (data not shown). It was 
essentially the same as that in the experiment depicted in Fig. 2. 
Only idiotope-bearing IgG but not IgM antibodies were 
significantly suppressed, 

Our data show that striking modulation of idiotope expression 
in an immune response can be achieved by the prior 
administration of an isologous, monoclonal anti-idiotope 
antibody. Thus, the capacity to recognize, respond against and 
regulate the expression of a given idiotopic determinant exists 
within a single mouse strain. This strongly suggests that anti- 
body-mediated network regulation is an important 
physiological process as discussed in detail elsewhere‘. Our data 
also suggest that the effector function of isologous anti-idiotope 
antibodies in network regulation may be influenced by the 
heavy-chain constant region. Antibody Ac38, an IgGl, 
enhances and suppresses, depending on the dose. The same has 
been found for another IgG1 anti-idiotope, Ac146 (ref. 13). 
Antibody A6.24, an IgG2a, may only suppress. This is 
reminiscent of the previous finding that guinea pig IgG1 anti- 
idiotypic antibodies enhance idiotype expression in the mouse, 
whereas IgG2 has suppressive effects’’*. At least in terms of their 
complement-fixing properties, IgGl and IgG2 in mice and 
guinea pigs are similar'*’*. Clearly, however, our experiments 
can not formally assign distinct functions in network control to 

the constant regions of y1 and y2a heavy chains. It is known, for 
example, that different allelic forms of the y2a chain may differ 
drastically from each other in primary structure (P. Schreier and 
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Fig. 3 Idiotope suppression induced by monoclonal anti- 
idiotope antibody A6.24. Groups of six mice were injected 
intraperitoneally with a, 33 ng (O, @; unbroken lines) or 5, 10 ug 
(A, A; unbroken lines) of antibody A6.24 and immunized 2-8 
weeks later with NP-~CG. Control mice (CJ, W; broken lines) 
received diluent instead of anti-idiotope antibody. 12 days after the 
administration of antigen the animals were bled and the sera of 
individual mice analysed in a solid-phase radioimmunoassay” for 
total, A,-bearing anti-NP antibodies (open symbols) and A,- 
bearing anti-NP antibodies expressing the A6.24 idiotope. The 
geometric means (with s.d.) of the antibody concentrations in the 
sera are plotted against the time between injection of anti-idiotope 
antibody and antigen. 


A. Bothwell, personal communication). A definitive assignment 
will require the testing of a number of isologous anti-idiotope 
antibodies of various isotypes and (more importantly) the iso- 
lation of pairs of anti-idiotope antibodies with identical variable 
regions but belonging to different immunoglobulin classes, for 
example class-switch variants. A technique for the isolation of 
such pairs of antibodies is available’®. Finally, it seems that the 
target of regulation by our anti-idiotope antibodies is mainly the 
IgG and not the IgM antibody response. It will be important to 
investigate the basis of this finding as regulatory studies with 
conventional isologous anti-idiotypic antisera suggest that in 
certain conditions, IgM and IgE responses can also be affected 
by idiotypic control*"’. 
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Depolarization of pancreatic cells by exposure to high potassium 
solutions is associated with release of amylase. In the guinea pig, 
but not the mouse or cat, this Ca-dependent amylase secretion is 
resistant to atropine blockade“, thus Scheele and Haymovits** 
concluded that the enzyme secretion evoked by K depolariza- 
tion does not involve release of transmitter from intrapancreatic 
nerves but is a consequence of Ca uptake into acinar cells 
mediated by the membrane depolarization. This hypothesis is 
inconsistent with current concepts of stimulus—secretion coup- 
ling in electrically non-excitable cells*. The observation of 
Scheele and Haymovits could, however, also be explained by the 
release of a non-cholinergic, secretomotor transmitter as a 
consequence of the depolarization of intrapancreatic nerves. By 
adapting the technique of electrical field stimulation of isolated 
pancreatic segments”’ to our studies of amylase secretion, we 
have now been able to demonstrate both cholinergic and non- 
cholinergic, non-adrenergic secretomotor nerves in the guinea 
pig pancreas. Excitation of the non-cholinergic nerves stimu- 
lates amylase secretion by a different intracellular coupling 
mechanism from that activated by cholinergic nerves or by 
peptides belonging to the cholecystokinin, gastrin or bombesin 
families". 

All experiments were done on isolated segments of guinea pig 
pancreas superfused with oxygenated physiological salt solu- 
tions at 37 °C (ref. 7). Amylase secretion from the pancreas was 
measured using an on-line automated fluorometric method’, 
intracellular recordings of acinar transmembrane potentials 
were obtained using glass microelectrodes’, and Ca efflux was 
monitored by measuring the release of *°Ca from prelabelled 
tissue ’ 

Electrical field stimulation (FS) has recently been shown 
to be an effective method of exciting intrinsic nerves in the 
pancreas’. Using Perspex flow cells incorporating silver 
electrodes, we have studied the effects of FS on membrane 
potentials, amylase secretion and **Ca’* efflux. In pre- 
liminary experiments we confirmed the results of Scheele and 
Haymovits** that an elevated extracellular K concentration 
(75 mM) stimulated amylase secretion even in the presence of 
atropine (10°* M). This protocol, however, is unhelpful as it is 
impossible to distinguish between indirect effects mediated by 
depolarizing nerve endings and direct effects due to depolariza- 
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tion of the acinar cells. The nerve-blocking drug tetrodotoxin 

(TTX) (10°°M) did not abolish the effects, as also noted by 

Scheele and Haymovits*, but K depolarization of nerve endings 

might of course evoke transmitter release even in the absence of 

action potential formation. We decided, therefore, to investi- 

gate more directly the possible existence of non-cholinergic 
erves. 

Figure 1a shows FS-evoked amylase secretion from a tissue 
superfused with normal physiological : solution. Addition of the 
muscarinic antagonist atropine (10°°M), in a concentration 
sufficient to abolish maximum response to exogenous acetyl- 
choline (ACh) stimulation (107* M), reduced, but did not abo- 
lish, the FS response. Such an atropine-resistant amylase 
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Fig. 2 Recording of guinea pig acinar cell membrane potential. 
An isolated segment of pancreas was secured to a Perspex platform 
and superfused with oxygenated physiological salt solution at 
37°C. A single microelectrode filled with 3 M KCI was inserted in 
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Fig. 1 Effects of electrical field stimulation (FS) on amylase 
release from superfused guinea pig pancreatic fragments, The 
figure shows two separate experiments (a and b) in which amylase 
in the effluent from the tissue chamber (1 ml vol, flow rate 
tmimin™') was continuously assayed by an automated 
fluorometric, on-line method”. FS, for the duration indicated, was 
achieved by connecting silver electrodes in the chamber to an 
isolated stimulator. Stimulation parameters were the same 
throughout: 20 Hz frequency, 50 V amplitude, 1 ms pulse width 
for 5 min. (FS using these parameters, even for periods up to 
20 min, did not cause any change in the pH of the Krebs solution 
fiowing through the tissue chamber.) The three panels in a are 
consecutive traces from the same experiment showing the effects of 
FS on the amylase concentration in the tissue chamber effluent 
during exposure of the tissue to a normal physiological salt solu- 
tion, in the presence. of atropine (107° M) and in the presence of 
both atropine (1077M) and TTX (10°°M); b shows the FS 
response in, the presence of both atropine (107° M) and guanet- 
hidine (107% M). All drugs applied were present in the superfusing 
solution for a minimum period of 20 min before FS. Note the 
different calibrations (2 units of amylase ml’) in a and b. 


an acinar cell to record a resting membrane potential of —35 mV. 
FS, as described in detail elsewhere’, was achieved using a pair of 
silver wire electrodes placed in contact with the tissue on the 
Perspex platform. These were connected to an isolated stimulator 
and the stimulation parameters throughout the experiment were 
40 Hz, 30 V, 1 ms for 5s. The effect of FS on the cell membrane 
potential is seen both in the absence and presence of atropine 
(10 - > M). At the arrow the solution flowing into the bath contained 
10°°M atropine for only ~10s, thus the bath concentration of 
atropine is unlikely to have attained the 10 ~ M concentration. 
Nevertheless, as seen in the trace, the FS effect was abolished. The 
response, however, rapidly returned and subsequent, sustained 
exposure to 10` M atropine (bar) again abolished the effect of FS. 
The break in the recording represents a 2-min interval. 


secretion has been observed in 16 separate guinea pig prepara- 
tions. Subsequent addition of TTX in a concentration that does 
not affect ACh or caerulein responses in the pancreas’ 

completely abolished the effect of FS. Abolition of the atropine- 
resistant FS response by TTX was observed in all six prepara- 
tions tested, indicating that FS causes amylase release by 
initiating action potentials in intrapancreatic nerves. The 
adrenergic neurone-blocking drug, guanethidine (107° M), had 
no effect on the nerve-mediated amylase secretion in the five 
preparations tested (Fig. 16), suggesting that the non-cho- 
linergic response is not mediated by stimulation of adrenergic 
nerves, Furthermore, we have been unable to demonstrate any 
effect of noradrenaline (6x 107° M) on amylase secretion. 
Although most experiments measuring nerve-mediated amylase 
secretion have been done using FS at 20 Hz frequency, effects 
have been observed at frequencies as low as 5 Hz. The mean 
value (+s.e.m.) for FS-evoked amylase release at 20 Hz in the 
presence of atropine was 0.45(+0.06) U per mi per 100 mg 
(n = 10), corresponding to 20% of the mean value for the 
maximal secretion evoked by exogenous ACh (10°* M). We 
conclude that the amylase secretion evoked by FS in the 
presence of atropine (Fig. 1) is mediated by excitation of 
intrapancreatic nerves, releasing a transmitter substance which 
activates the pancreatic acinar cells. The transmitter is not ACh 
and there is no indication that it is a catecholamine. 

To test the functional innervation of individual acinar units’, 
membrane potential changes in response to FS were studied. 
Figure 2 shows examples of membrane depolarizations evoked 
by FS (40 Hz). Of 84 units studied, only 23 responded to FS, in 
marked contrast to the 100% effectiveness in the mouse’ and rat 
pancreas'’. The FS-evoked depolarizations, shown in Fig. 2, are 
always abolished by atropine (five preparations). It seems, 
therefore, that the transmitter released by excitation of the 
non-cholinergic, non-adrenergic nerves is unable to evoke 
membrane depolarization in spite of being a potent 
secretagogue. 

The pancreatic secretagogues evoking enzyme secretion 
mediated by changes in cellular calcium metabolism (for 
example, ACh, cholecystokinin and bombesin) also cause acinar 
cell depolarization, while the secretagogue secretin (or vaso- 
active intestinal polypeptide, VIP) has no effect on + Ca fluxes or 
membrane electrophysiological parameters®*?:'*. We therefore 
tested the ability of FS to alter calcium metabolism in the eeu 
pig pancreas. 
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In the absence of atropine, FS caused a clear increase in 
fractional **Ca efflux from preloaded pancreatic segments in two 
separate experiments (Fig. 3). In the presence of atropine, 
however, the same type of FS (20 Hz, 40 V, 1 ms) failed to evoke 
any measurable effect on **Ca efflux in the four different 
preparations tested, although all of these responded with a 
marked increase in “*Ca outfiux when subsequently challenged 
with caerulein (1.5 x 107° M, Fig. 3). 

The nerve-mediated secretion obtained in the presence of 
atropine (Fig. 1) is clearly not associated with membrane 
depolarization (Fig. 2) or with an increase in “*Ca efflux (Fig. 3). 
The as yet unidentified transmitter substance is therefore 
unlikely to be a peptide belonging to the cholecystokinin- 
gastrin—caerulein, bombesin or substance P families because all 
secretagogues studied from these groups characteristically 


evoke marked Ca _ outflux and membrane electrical 
3 
changes? t, 
4 4 DUEILA LND tL dinet tints. kee eT TURIY $ i AARDED setulae dunkiiene. chen tit e ttt Pe me H A BEA t hide nnuk tin Ea e y PORA w h HABA 
* Control 
3 3 aemet tt ram mige Per sshd Samenadadennasi taaa RANEA EREA P APERET A E Sai oF rh 4 OHH OR a 
2 2 ME e A 4 o h tat Arrea | | mar marst scum rerin s ame gpm PRE e 80S MAE O ERD © 0 © EF E F t 
FS y SR ba r .* 


] | PM a y ee ees SRY OS de e W RAR ma a Melle ON GE a SO Ho FO Aaa E r A ee Oe A E eA A A A AE bi aena i 
1 








25 50 75 
Time (min) 


4 0 AEN MEE I E AA A AU BAE A A RRA E E-A MA a bh emda A E AEE E ED ot teat obama et SEL A Te 
. 


Atropine 


Fractional efflux of **Ca (x 107°) 


Ree ee eee Cer o a ery 4 


ee OU Fe Cs Ee 





0 25 30 
Time (min) 
Fig.3 The effect of FS and the secretagogues caerulein (Cn) and 
acetylcholine (ACh) on the fractional efflux of “*Ca from preloaded 
superfused fragments of guinea pig pancreas. The pancreatic 
segments were loaded for 60 min in 2 ml of physiological salt 
solution containing 10 Ci f Ca and maintained at 37°C. The 
procedure was similar to that described elsewhere’, After loading, 
the segments were transferred to a flow cell. In each experiment the 
tissue was superfused for 150 min before collection of effluent 
samples, which were subsequently analysed in a scintillation 
counter. Values for concentration of radioactivity in the samples 
taken at different time points together with the value for the 
radioactivity remaining in the tissue at the end of the experiment 
were processed by computer (MINC-11, Digital). Values were 
obtained for fractional efflux (Ax/Atx, min™', where x represents 
c.p.m. **Ca released in the time interval Ar and x, the tissue “°Ca 
content at the midpoint of interval Ar) as a function of time. FS was 
carried out in exactly the same way as described for the amylase 
studies. Stimulation parameters were similar in each experiment: 
20 Hz, 40 V, 1 ms for 5 min. Cn (1.5 x 107° M) and ACh (107° M) 
were added to the superfusing solution for the periods indicated by 
the bars. Atropine (10°°M) was present throughout the 
experiment shown in the lower panel. Upper panel, normal 
preparation. 


The present study has demonstrated, for the first time, the 
existence of non-cholinergic, non-adrenergic nerves controlling 
pancreatic acinar enzyme secretion. Its importance lies in the 
widespread distribution of non-cholinergic, non-adrenergic 
nerves throughout the peripheral autonomic nervous 
system'*’*, The transmitter released from the non-cholinergic, 
non-adrenergic nerves in our experiments might be VIP or a 
related peptide, as VIP-immunoreactive nerves have been 
demonstrated in the pancreas'*'’, VIP is known to stimulate 
amylase secretion by a mechanism not involving changes in 
cellular Ca metabolism*"?, 

Our results also resolve an important controversy in the 
discussion of pancreatic stimulus-secretion coupling? because 
the Ca-dependent depolarization-evoked enzyme secretion 
observed in the presence of atropine** can now most conve- 
niently be explained as being due to Ca-dependent secretion of a 
neurotransmitter that interestingly does not seem to activate 
secretion through changes in cellular calcium metabolism. 
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We have previously’ demonstrated that DNA of mouse fibro- 
blasts transformed by 3-methylicholanthrene (3-MC) induced 
foci of transformed cells when applied to monolayer cultures of 
NIH3TS3 cells, which indicates that at least a part of this pheno- 
type is encoded in DNA sequences. However, our conclusions 
were confined to the effects of DNAs of 3-MC-transformed 
mouse fibroblasts on recipient NIH3T3 cells, also of mouse 
fibroblast origin. To elucidate this phenomenon further, we have 
prepared DNAs from a series of mouse and non-mouse tumour 
lines of non-fibroblastic origin and investigated whether tumour 
transforming genes can act across tissue and species barriers to 
transform NIH3T3 cells. We find that DNAs obtained from 
human, rabbit and mouse bladder carcinoma lines, a lung 
carcinoma line and rat neuroblastoma and mouse glioma lines, 
are able to induce transformation of NIH3T3 cells on trans- 
fection. 
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DNAs prepared from tumours or tumour cell lines were 
transfected using the calcium phosphate transfection procedure 
described elsewhere'*. Each transfected culture was passaged 
into 12 subcultures and foci of transformants were scored 14-20 
days later'; only foci containing very refractile cells were coun- 
ted. Because of occasional ambiguities in resolving true trans- 
formants from spontaneous overgrowths of the monolayer 
culture, critical transfections were scored using a double-blind 
protocol. We observed induction of transformed foci when 
transfected DNAs were prepared from two classes of tumour 
cells: neuroblastoma/ glioma (Table 1) and carcinoma (Table 2). 

Most of the DNAs used in these experiments were prepared 
from tumour cell lines which had been derived from tumour 
explants. Each tumour cell line that gave positive results had 
been shown to possess differentiation markers characteristic of 
the tumour type from which the cell line had been derived*™. 
For example, the neuroblastoma lines had been shown to have 
excitable membranes, neurite extensions and neurotransmitter 
enzymes’; tumours induced by cell lines of carcinoma origin 
possessed keratin and characteristic acinar structures’. 

As seen in Table 1, foci were induced by the DNAs of one 
glioma and three neuroblastoma cell lines. The latter were 
derived from tumours induced in rats in utero by exposure to 
ethylnitrosourea*®, and the glioma cell was prepared from a 
tumour induced by direct implantation of a 3-MC precipitate 
into the brain of a newborn mouse’. The foci produced by these 
transfections were grown up and their DNA prepared for a 
second cycle of transfection. The DNAs of these primary foci 
were all able to induce secondary foci, which demonstrates 
the serial transmissibility of these transformation-inducing 
sequences. 

Transfection of the DNAs of three different bladder 
carcinoma cell lines also yielded foci after application to 
NIH3T3 monolayer cultures as did transfection of DNAs of the 
mouse Lewis lung carcinoma tumour (Table 2). Again, DNAs 
prepared from cultures of these primary transfectants were able 
to induce foci after a second cycle of transfection. The DNAs of 
a large series of other carcinoma cell lines yielded few or no foci 
on transfection (Table 2). 

When the cells of foci resulting from transfections induced by 
neuroblastoma, glioma and carcinoma DNAs were grown into 
mass cultures and seeded subcutaneously into newborn NFS 
mice,.rapidly growing fibrosarcoma-like tumours were observed 


after 2 weeks with almost 100% incidence (Tables 1 and 2). 
Thus, the transfected DNA induced foci of cells which were 
highly tumorigenic. In contrast, normal, untransfected N IH3T3 
cells resulted in a low incidence of tumours (1/7, 1/10) which 
only appeared 4 weeks after subcutaneous injection into the 
newborn mice (Tables 1, 2). 

All attempts at rescue of C-type transforming retroviruses 
from the transfected cells were unsuccessful. We also attempted 
rescue of virus from cells transformed by Moloney sarcoma virus 
and observed the release of high titres of focus-forming virus. 
We conclude that transmissible C-type viruses are not respon- 
sible for the phenomenon of focus induction in donor or 
recipient cells. 

Human donor DNA was used in one of these transfections to 
obtain direct biochemical proof that the transfected cells had 
taken up and stabilized human DNA. This depended on the fact 
that the few cells which acquire a selected marker gene also 
acquire a large number of other donor DNA fragments which 
enter the cells during the same transfection event’. In contrast, 
other cells in the culture which have not acquired the selected 
marker gene do not show this array of co-transfected donor 
sequences’. 

In the present study, cells which have acquired the human 
bladder carcinoma transformation gene should also contain a 
large array of other co-transfected human DNA fragments, 
many of which should bear a copy of a highly repeated 
(300,000 per haploid) sequence which is interspersed 
throughout the human genome’®. This sequence is not detect- 
able in normal mouse DNA. Such sequences can be detected by 
the Southern blot procedure’ using a cloned probe of the highly 
repeated human sequence'”’’. Figure 1, lanes c~g, reveals the 
presence of many segments bearing the human repeated 
sequence in the DNAs of five different cell lines, each derived 
from a separate focus induced by human bladder carcinoma 
DNA. DNAs not derived from bona fide transfectants show no 
trace of these acquired human sequences (lanes a, b). The 
successfully transformed cells are thus descended from the small 
subpopulation of cells in the initially transfected culture’ which 
was able to take up and fix large amounts of donor DNA. We 
conclude that the transformation of these cells was a direct 
consequence of the acquisition of sequences of a human bladder 
carcinoma DNA. This or similar hybridization tests may be used 
as assays to distinguish bona fide transfectants from other 
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Table 1 Transfection of DNAs of glioma and neuroblastoma cell lines 
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Donor Tissue type, Mode of tumour induction Efficiency of Efficiency of Tumorigenicity Retrovirus 

DNA strain and species primary secondary of primary rescue assay 
transfection transfection transfectant of primary 
(FFU per 75 (FFU per 75 transfectant 

ug DNA) pg DNA) 
26-20 C57BL/6 mouse glial* 3-methylcholanthrene 107 167, 22t ND ND 
NIH3T3 NIH/Swiss embryo precipitate was implanted 0t 1/104, 1/7¢ 0 
directly into mouse brain 

B50 BDIX rat, neurone§ Fetal rats were exposed to 6, 9, 13, 16 78, 827, 1007 8/8 0 

B104 Same nitrosoethylurea transplacentally 9,31 500 6/6, 7/7 0 

B103 Same by injection into pregnant 93, 122 127, 127 9/9 0 

B65 Same mother on day 15 after 0, 0-1, OF 

B15 BDIX rat, glial conception OF, OF, 1 
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One transfection (fourth and fifth columns) is defined as 75 pg DNA applied to 1.5 x 10° NIH3T3 cells and values represent total number of foci per 
transfection. Transfection procedures were as described elsewhere’. Tumorigenicity of transfectant clones was determined by injecting sub- 
cutaneously 1-2 x 10° cells suspended in 0.1 ml PBS into 1-2-day-old newborn mice of NFS or NIH/Swiss outbred strains. Tumour formation was 
seen after 2 weeks. NIH3T3 cells were injected in an identical manner as a control. Retrovirus rescue assays were designed to induce the release of any 
defective, transforming viruses which might be present in the transfected cultures as described elsewhere‘. The titre of helper virus released from 
infected cultures in these rescue assays was routinely 1 x 10’ plaque forming units per ml. Infection of Moloney murine sarcoma virus-transformed 
NIH3T3 non-producer celis with helper virus, performed in parallel as positive control, resulted in release of >5 x 10° focus forming units (FFU) of 
transforming virus per mi. Lines B65 and B15 were used as negative controls for the transfection assay. ND, not determined. IMR32 human 
neuroblastoma’? and NB2A (c1300) mouse neuroblastoma'* DNAs did not induce a significant number of foci. 

* See ref. 15 for origin. l 

t Not performed in double-blind. 

+ These tumours were seen only at 4 weeks post-inoculation. 

§ See ref. 3 for origin. 
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Table 2 Transfection of DNAs of carcinoma and other tumour lines 
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Donor DNA Tissue type, Mode of tumour Efficiencyof Efficiency of Tumorigenicity Retrovirus 
strain and induction primary secondary of primary rescue assay 
species transfection transfection transfectants of primary 

(FFU per 75 (FFU per 75 transfectant 
l wg DNA) ug DNA) 

Lewis lung C57BL/6 Spontaneously 7T, 12, 13, 66 95, 1057 9/9 0 

carcinoma tumour mouse lung occurring in 

| epithelial* animal 

Liver of Lewis lung CS57BL/6 1-2, 4 

carcinoma-bearing mice mouse liver 

MB48BT-26 C57BL/6 mouse Isolated bladder epithelial 48, 567 107 8/8 0 
bladder epithelial explant was exposed 

to 7, 12-dimethylben- 
zanthracene in vitro 

NIH3T3 NIH/Swiss mouse 0, 0, 0-1 0/9, 0/6 
embryo fibroblast 

RBC NZW rabbit bladder, As above, except 26, 101, 165 52 TET 0 
epithelial§ benzo-a-pyrene was 

used 

Rabbit bladder NZW rabbit bladder 1,1 

EJ Human bladder, Spontaneously 407, 667, 707 83t, 1007 9/9, 15/15 0 
epithelial]! occurring 


Human epidermal cell OF, OF 


Human epidermis 
strain | 
DNA transfection procedures were as described elsewhere’; one transfection is defined as 75 wg DNA for 1.5 10° NIH3T3 recipients. 
Tumorigenicity and retrovirus rescue assay were carried out as described in Table 1 legend. The DNAs of the following tumour cell lines induced few 
or no foci in a transfection assay: SCC9, SCC12X, SCC4 squamous cell carcinoma cell lines'°; A1663 a human bladder carcinoma line’ 7, A549, a 
human lung carcinoma line'’, Detroit 562, a human pharyngeal carcinoma line'*, RT4, a human bladder carcinoma line'’; BC6 a rat bladder 
carcinoma line (obtained from Dr Howard Green, MIT); and Nettesheim squamous cell carcinoma (obtained from A. D. Little Co.). The DNAs of 
other tumour cell lines induced few or no foci in a DNA transfection assay: HTC rat hepatoma established by Dr Gordon Tomkins; 7777 rat 
hepatoma*’; human Murawski melanoma and human Wolfe melanoma (obtained from Dr Lloyd Old); A375 human melanoma’’: M3 mouse 
melanoma” and B16 mouse melanoma””. | 
_ *For information on origin of cell line see Dr M. R. Lewis, unpublished data. 
+ Not performed in double-blind. 
- ¥ For origin of cell line see ref. 6. 
; -$ See ref. ş, 
_ | Origin of cell line Dr J. Daly, unpublished data. 


colonies in cultures which have become transformed by 
mechanisms other than transfection. 

The positive results with the human, rabbit and rat tumour 
DNAs indicate that tumour transforming genes are able to act 
across species barriers—they may also act across tissue barriers: 
for example, transforming sequences of neuroblasts and epi- 
thelial cells can transform the recipient fibroblasts. In addition, 
transforming sequences that are active in these transfections 
(Tables 1, 2) may be derived from tumours induced by a variety 
of carcinogens which have been administered in different ways. 
We conclude that the transfection assay can reveal trans- 
formation sequences in tumours of diverse origin and is there- 
fore not limited to analysis of donor tumour DNAs of mouse 
fibroblast origin. The demonstration of these transmissible 
genes from various tumours will allow their molecular cloning 


Fig. 1 Detection of human DNA sequences in transformed 
NIH3T3 cells following transfection with EJ carcinoma DNA. 
DNA was prepared from five foci; 10 ug of each DNA was digested 
with EcoRI and electrophoresed through a 1% agarose gel in 
40 mM Tris (pH 7.9), 50 mM sodium acetate and 1 mM EDTA. 
The gel was run at 1.2 Vem”! for 16h. After electrophoresis, the 
DNA was transferred to nitrocellulose by the method of South- 
ern'', and the resulting blot hybridized with the BLURS clone of 
the human repetitive ‘Alu family’ DNA". The Alu probe was 
**p-labelled by nick translation?’ and 5x 10° c.p.m. of labelled 
probe was hybridized to the blot in the presence of 10% dextran 
-ssulphate**. Hybridization was carried out for 40 h followed by a 
-12-h exposure to X-ray film. Whole cellular human DNA used as a 
positive control gave extensive blackening throughout the entire 
lane, without discernible bands (not shown here). Approximate 
size ranges (in kilobases) are indicated to the right of the gel. a, b, 
DNAs of untransformed NIH3T3 cells, picked and cloned from 
dishes which also contained transformed foci. c~g, DNAs from 
different transformed foci of NIH3T3 cells, derived from trans- 
fection of EJ donor DNA. 


and the analysis of the molecular basis of non-viral carcino- 
genesis. | 
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The bacteriocinogenic plasmid Clo DF13, originally isolated 
from Enterobacter cloacae’, is stably maintained in Escherichia 
coli? to the extent of about 10 copies per cell”. Its replication“ 
resembles that of many other small, multicopy plasmids**; 
plasmid-encoded protein is not required” '* but plasmid-specific 
genetic information is involved in regulation of replication as 
both conditional’’ and nonconditional’ copy-number mutants 
of Clo DF13, and transcomplementable'*** copy-number 
mutants of plasmid Col E1 have been described. The sequences 
essential for replication of Col E1 (refs 16, 17) and Clo DF13 
(refs 18, 19) have been identified within a region surrounding 
the replication origin. Initiation of Col E1 replication is pre- 
ceded by transcription of the origin region, providing the RNA 
primer at the origin’. However, transcription in the opposite 
direction results in a small transcript of ~100 nucleotides 
(RNA-100) for both Col E1 (refs 21, 22) and Clo DF13 (ref. 
23). Data suggest that Col E1 RNA-100 acts as a negative 
control element for the initiation of replication”. We show 
here that single base transitions in the RNA-100 cistron of Clo 
DF13 can result in a nonconditional increase in plasmid copy- 
number. Also, sequence analysis has revealed that a specific 
base transition in a DNA region, apparently involved in both 
termination and initiation of transcription towards the repli- 
cation origin, results in a thermosensitive plasmid copy-number. 
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Both nonconditional’ and conditional’? replication-control 


mutants of plasmid Clo DF 13 (8.6 kilobases) have been isolated 
after chemical mutagenesis, and characterized'**°. As reported 
elsewhere!®, the Clo DF13-cop3 mutation (Table 1) was 
mapped by insertion of transposons and successive deletion of 
specific restriction fragments. Similar studies on the Clo DF13- 
cop (Ts) and the Clo DF13-cop2 mutants (Table 1) show that 
these mutations are also located within the region (1.8-15%) 
surrounding the replication origin. These copy mutations were 
localized more precisely within this region by in vitro recom- 
bination experiments (see Fig. 1 legend). Subsequently, specific 
regions of the different copy mutants were sequenced as 
indicated in Table 1. By comparing these sequences, the 
complete nucleotide sequence between the Haell site at 1.8% 
and the BamHI site at 15% was deduced (Fig. 2). Furthermore 
these studies show that these different cop mutations are, in fact, 
point mutations, and all represent base transitions (Fig. 2). 

Recently, Itoh and Tomizawa*® demonstrated that the initia- 
tion of DNA replication of plasmid Col E1 in vitro is preceded 
by transcription of the origin region, towards the origin of 
replication, generating a precursor primer RNA molecule (Fig. 
1). Furthermore, they showed that when transcription passes the 
origin, the RNA transcript is able to form a stable hybrid with 
this region. In the next step RNase H specifically cleaves the 
hybridized RNA, producing the RNA-DNA hybrid with a free 
3’ OH end for the initiation of DNA replication by DNA 
polymerase I. The 5’ end of the ‘pre-primer’ RNA has been 
sequenced and the corresponding region within the sequence of 
plasmid Clo DF13 is indicated in Fig. 2. 

Figures 2 and 3 show that the Clo DF13 cop! (Ts) mutation 
involves a base transition at position 720. The region surround- 
ing this mutation has several interesting features: first, the 
nucleotide sequence of this region (see Fig. 4b) resembles that of 
regions known to be involved in termination of transcription”®. 
A similar role for the region in Clo DF 13 is supported by data”? 
which shows that transcription from the cloacin promotor results 
in the synthesis of two RNA molecules of 2.2 and 2.4 kilobases 
respectively. The terminator for the transcription resulting in 
the synthesis of the 2.4-kilobase RNA was located at 9.3%, and 
therefore maps within the sequence mentioned above (T2, Fig. 
1). Second, the nucleotide sequence of the region surrounding 
the copl (Ts) mutation (position 696-735) is completely 
conserved when compared with the corresponding sequence of 
plasmid Col E1 (ref. 16). The position of the initiation site of 
transcription of the Col El pre-primer RNA, as determined by 
Itoh and Tomizawa’”, implicates the Col E1 region mentioned 
above in promotion of the synthesis of this RNA. Therefore, the 
corresponding region of plasmid Clo DF 13 which surrounds the 
cop! (Ts) mutation might also act as promotor for RNA 
synthesis (P3, Fig. 1). In view of these data, the cop! (Ts) 
mutation could be a promotor-type or terminator-type muta- 
tion, Alternatively, it could be a mutation at the site of action of 
a control element. Further experiments are in progress to dis- 
criminate between these possibilities and determine whether the 
effect of the cop] (Ts) mutation, a temperature-inducible 
increase of the plasmid copy-number, is caused by an increased 
synthesis of pre-primer RNA at the elevated temperature. 

The nonconditional cop2 and cop3 mutations are located 
within a Clo DF 13 region which is transcribed in vivo and in vitro 
resulting in a RNA molecule of ~ 100 nucleotides'*?* (RNA- 
100, see Figs 2, 3). The corresponding region of plasmid Col E1 
is also transcribed in vitro*'**, producing a similar molecule. The 
nucleotide sequence of the latter RNA-100 species has been 
determined and is indicated in Fig. 4a. Perusal of the Clo DF13 
and Col El sequences encoding this RNA-100 species strongly 
suggest that these RNA molecules are not translated. Further- 
more, it was observed that although the primary structures of the 
Clo DF13 and Col E1 RNA-100 species differ largely, the 
secondary structure seems to be highly conserved (Fig. 4a). The 
position of the cop2 and cop3 mutations within the sequence 
(Fig. 2) makes it unlikely that these mutations directly affect the 
synthesis of either the RNA-100 or the pre-primer RNA. 
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Fig. 1 Detailed physical/genetic map of the region between the Haell site and the BamHI site at respectively 1.8 and 15% on the Clo DF13 
‘map’. The positions of the various restriction endonuclease cleavage sites were determined as reported previously!” and verified by sequence 
analysis. The exact position of the immunity gene (imm ) could be determined by DNA sequence analysis of this region, as part of the amino acid 
sequence of the Clo DF13 immunity protein has been elucidated’. The region of the Clo DF13 plasmid genome encoding the H protein was 
previously described”. The nucleotide sequence probably encoding this polypeptide of about 50 amino acids is indicated in Fig. 2. The region. 
possibly encoding an arginine-rich, basic polypeptide of about 45 amino acids, for both Col E1 and Clo DF13 (ref. 19), is indicated as ‘gene ?’. As 
reported”? transcription initiated at the cloacin promotor (P1) terminates at t1 or t2 resulting in RNA molecules of ~ 2,200 and 2,400 
nucleotides respectively. By comparing the Clo DF13 and Col E1 origin sequences, the position of the Clo DF13 RNA-100 cistron was 
deduced'”. As indicated, the origin of replication maps within the 1.8-5% Hell restriction fragment”. By partial cleavage of a Clo DF 13-cop3 
derivative (pEV26)'* with Haell endonuclease in the presence of S, nuclease, followed by ligation with T, ligase and transformation of E. coli, we 
have isolated a plasmid which has an altered Haell (1.8~5%) ‘origin’ fragment and still contains the cop3 mutation (A.R.S. et al., unpublished 
results). Recombinant plasmids containing both wild-type (wt) and cop3 Hae Il fragments were obtained by transforming cells to ampicillin 
resistance with a ligated mixture of wild-type and cop3 Haell fragments. The composition of the recombinant plasmids was easily determined 
from the Haell digestion patterns. The Cop phenotype was deduced from the minimal inhibitory concentration of ampicillin of cells harbouring 
these plasmids. By these types of study the Clo DF1 3-cop3 and -cop2 mutations were localized more precisely within the 1.8~15% origin region 
| (see Table 1). 
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Fig. 2 The nucleotide sequence of the Clo DF13 region between the Haell site at 1.8% and the BamHI site at 15% on the Clo DF13 physical 

map (see also Fig. 1). The sequencing procedures were as described previously'”. The sequence strategy is indicated in Fig. 1 legend; the arrows in 

Fig. 1 show the part of the restriction fragments sequenced. The direction of the arrows indicates the strands which were sequenced, aligned in 

5'> 3 direction (tail to head). Start and stop indicate respectively the start and stop codons for proteins; ‘ini’ and ‘term’ represent the 5’ and 3’ 
ends of RNAs respectively. 
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Table 1 Properties of Clo DF13 and mutant plasmids 
Ty a ec adc ck tA A eae aha a eo 
Map* Clo DF13 
Clo DF13 position of region of 
region the cop plasmid 
Relevant Copies MW present mutation sequence Ref. 
Plasmid Derivation properties per cell (kilobases) (%) {%) (%) source 
Clo DF13 Naturally occurring Cloacin DF 13 8.6 0-100 ~= ~ l 
in E. cloacae 
Clo DF13-cop3 Clo DF13 Cloacin DF13, 8.6 0-100 5-11.5 = 21 
nonconditional 
copy mutant 
Clo DF13-cop2 pEV5 Nonconditional 200 2.9 1.8-15 §-15 $-15 Stuitje 
copy mutant. Ap (unpublished) 
Clo DF13- pJNO3 Cloacin DF13, Temperature 13.1 0-100 1.8-9.5 14 
cop1 (Ts) ApTs-copy dependence 
mutant Ts-kill 
pEVS Clo DF13::Tn90] Ap 2.9 1.8~-15 5-15 Stuitje 
insertion mutant (unpublished) 
pEV22 Clo DF13-cop3 ::Tn901 Ap 200 2.8 1.8-11.5 1.8-11.5 4 
insertion mutant 
pVU206 Clo DF13-cop!1 (Ts) Ap Temperature 3.3 1.8-15 1.8-15 Stuitje 
Ts-copy mutant dependence 27-29 (unpublished) 
Ts-kill 


O a 


Ts, temperature sensitive. 


* The different cop mutations were localized more precisely within the 1.8-15% origin region by recombining the Haell ‘ori’ fragments of the 


different mutant plasmids, as described in Fig. 1 legend. 


Although our data on the cop2 and cop3 mutations do not 
exclude a possible role of the RNA-100 as a positive control 
element, they are consistent with previous findings that favour 
the RNA-100 as a negative control element for the initiation of 
DNA replication®°**. Furthermore, results?” suggest that the 
RNA-100 is involved in plasmid incompatibility, a plasmid 
function that seems to be intimately connected with replication 
control. In fact, it has been reported?’ that the presence of the 
RNA-100 species of plasmids belonging to the Col El 
incompatibility group inhibits the formation of the primer in 
vitro. The sequence data described in this letter indicate that 
thére are at least two distinct regions that are important in the 
control of Clo DF13 replication. The first encodes a RNA-100 
molecule whose synthesis is initiated ~490 nucleotides 
upstream from the replication origin, whereas the second, which 
is located about 620 nucleotides upstream from the origin, 
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seems to be involved in both termination and initiation of 
transcription towards the origin. The identification of the 
different mutations inevitably evokes questions on the 
mechanism of replication control of small plasmids such as Col 
E1, for example: (1) is the frequency of initiation of DNA 
replication controlled at the level of pre-primer RNA synthesis, 
(2) is the synthesis of pre-primer RNA regulated at P3/t2 
(see Fig. 1); (3) in which way does the RNA-100 species 
control plasmid replication and are, in addition to this 
RNA, other plasmid-encoded gene products involved? Studies 
on additional copy-control mutants, including complementa- 
tion experiments between the mutants and studies on the 
effects of alterations generated in vitro by substitution or 
deletion of specific sequences at different regulatory sites, may 
elucidate the actual mechanism of plasmid DNA replication 
control. 


Fig. 3 a, Result of the Gilbert- 
Maxam sequencing procedure 
applied to fragment A (labelled at 
the 5’ end of the Hpall site as 
described previously'’; see Fig. 1) 
derived from the wild-type (wt) Clo 
DF13 and the cop2 and cop3 
mutants. Note the depression in 
the wild-type sequence near the 
position of the cop3 mutation. The 
actual wild-type sequence 5’-A-A- 
A-G-C-C-A-3’, instead of 5'-A- 
A-A-G-C-A-3', was deduced by 
sequence analysis of the comple- 
mentary strand. b, Result of the 
Maxam~Gilbert sequencing pro- 
cedure applied to fragment B (5 
end-labelled at the Hpall site; see 
Fig. 1) of the wild-type Clo DF13 
plasmid and the Clo DF13-cop! 
(Ts) mutant. 
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Fig. 4 a, Comparison of the secondary structures of the RNA- 
100 species encoded by the plasmids Col E1 and Clo DF13. The 
resident cop2 (C+ U) and cop3 (G > A) mutations are indicated. 
The most stable secondary structure was estimated by the pro- 
cedure described by Tinoco et al.” and the AG (25°C) values 
estimated for the wild-type (wt) Clo DF13, cop2, cop3 and Col E1: 
100-nucleotide RNAs are respectively 50.4, —50.2, —41.2 and 
~ 45.6 kcal. b, Secondary structure of the DNA region surrounding 
the cop I (Ts) mutation (G > A transition). This region is presumed 
to be involved in both termination and initiation of transcription 
towards the origin (transcription proceeds from left to right). The 
sequences which are supposed to be involved in recognition and 
binding of RNA polymerase are indicated by -35 and —10 
homology respectively’*. 
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The rapid development of the silk glands of Bombyx mori during 
the last larval instar shows two phases. During the first 4 days, in 
both the middle and posterior parts of the silk glands, the 
ribosomal machinery is assembled and the synthesis of house- 
keeping proteins starts. During the second phase (the last 4 
days), the middle part of the gland synthesizes ~45 mg of the 
silk protein sericin (31% serine) and the posterior part of the 
gland synthesizes ~130 mg of the silk protein fibroin (46% 
glycine, 29% alanine and 12% serine). Silk fibroin and sericin 
are detectable by the second day and represent 80 and 50% 
respectively of the total proteins produced at day 8 (refs 1-4). It 
is known that the tRNA population of the posterior part of the 
gland is quantitatively adapted to fibroin codon frequency dur- 
ing this period*” but little is known about the situation in the 
middle part except for the observation that it contains more 
tRNA‘ than does the posterior part. We show here that the two 
parts contain, and presumably use, different iso-accepting 
species of tRNA‘, the middle part using tRNA$*, which 
recognizes AGU and AGC codons, and the posterior part using 
tRNA}" which recognizes UCA. We also suggest that this 
differential adaptation of the tRNA‘* species is under tran- 
scriptional control as the two species are accumulated at 
different rates, but degraded at the same rate. 

tRNA** species were fractionated and quantitated using 
benzoylated DEAE (BD)-cellulose chromatography". Figure 1 
shows chromatographic profiles of acylated Ser-tRNA from 
middle and posterior silk glands of B. mori at two different 
stages of development: the growth phase (day 2) and at the end 
of silk secretion (day 8). A striking difference occurs in the 
distribution of the subsets of tRNA‘ species: in the fibroin- 
producing part, the tRNA}3” group is predominant (82% during 
the secretion phase) but in the sericin-producing compartment, 
the tRNA3“/tRNA#* ratio changes from 3,1 at the start of the 
growth phase to 1.8 during the secretion phase. The tRNAS* 
species then represents 36% of the iso-tRNA** family, From 
base composition, codon recognition and partial sequencing, we 
know that the tRNA?{* species is capable of translating AGU 
and AGC codons, whereas the tRNA3* group recognizes UCA 
codons®!!!?, 5 | 

Refinements were made using two-dimensional poly- 
acrylamide gel electrophoresis'*'*. As shown in Fig. 2, five spots 
can be assigned to iso-tRNA‘* species. The tRNA$* subset 
fractionates according to the diagonal into three species: two 
tRNA3;" subspecies with the lowest mobility and one tRNA $e 
with the highest mobility (Fig. 2a); tRNA?" migrates with an 
intermediate mobility. It seems to be heterogeneous and 
resolves into two distinct spots (Fig. 2b-d). Cross-identifications 
using purified tRNA®** species collected from a specifically 
retarded elution on BD-cellulose chromatography, done in the 
absence of Mg? ions’, yield the final pattern shown in Fig. 2c, 
d. The differential accumulation of iso-tRNA‘** species is made 
clear on the electrophoretic maps in Fig. 3. It can be seen that the 
tRNA{*™ species is more abundant in the middle silk gland 
(MSG) than in the posterior silk gland (PSG) during the silk 
secretion phase. Polyacrylamide electrophoresis corroborates 
the BD-cellulose chromatographic profiles. An unexpected 
result was the unusual composition of the tRNA‘$* subset. 
tRNAS carrying the IGA anticodon is usually the major 
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Fig. 1 Chromatography on BD- 
cellulose of Ser-tRNA from 
posterior (PSG) and middle (MSG) 
silk glands of B. mori silkworm. a, 
Elution profiles of tRNA extracted 
from the middle part on the second 
day (growth phase) of the fifth 
larval instar and acylated with “H- 
serine (@), and tRNA from the 
posterior part acylated with '*C- 
serine (V). The co-chromato- 
graphy was achieved on a 40x 
2.2cm BD-cellulose column 
eluted with a linear gradient of 0.2- 
1.0 M NaCl in 2 | of buffer: 10 mM 
sodium acetate, pH 4.7, 10 mM 
MgCl, at 25°C. 10-ml fractions 
were treated with 0.1 volume of 
55% trichloroacetic acid in the 
presence of 0.5 mg carrier rRNA. 
The precipitate was filtered on to a 
glass fibre disk and radioactivity 
measured in a liquid scintillation 
photometer. This experiment was 
repeated twice after reversing 
the labelling. Absorbance was 
measured at 260nm (---). b, 
Similar experiments with tRNA 
extracted on the eighth day of the 
fifth instar: (x) PSG tRNA acyl- 
ated with *H-serine; (E) MSG 
tRNA acylated with '°C-serine. 
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species among the eukaryotic tRNA" family able to 
decode UCU, UCC and, with less efficiency, UCA; a minor 
tRNAŜS species is able to recognize the rare UCG codon'*!°, 
The tRNAS species, which accumulates at a higher level in 
both silk gland parts than in other non-silk producing tissues (see 
the carcass in Fig. 3c), might be able to decode specifically the 
UCA codon—the major serine codon found in fibroin mRNA". 

A side conclusion can be drawn from these results, based on 
differential accumulation of specific iso-tRNA*°™ species related 
to the developmental stage of a tissue. The quantitative adap- 
tation of tRNA species to codon frequency demonstrated for a 
specific and typical MRNA—fibroin or globin'’—leads us to 








Fraction no. 


suggest that the codon usage for serine in the sericin message is 
somewhat different from that found in fibroin mRNA. The high 
level of tRNA” in the MSG can be easily explained if we state 
that sericin MRNA carries AGU and/or AGC codons in addi- 
tion to the UCA codon. 

The specific requirement of the iso-tRNA®°* family in decod- 
ing different mRNAs in two distinct silk gland parts remains to 
be understood. We have studied tRNA synthesis using in vivo 
short pulse-labellings of tRNA throughout the last larval instar 
and then analysed the tRNA species on electrophoretic maps. 
Synthesis rates of tRNA are not uniform: rapid changes occur, 
which are specific for each tRNA species and for each silk gland 


Fig. 2 Identification of tRNA** 
species from the MSG (eighth day 
from the fifth instar) fractionated 
on a BD-cellulose column and 
analysed by two-dimensional 
polyacrylamide gel electro- 
phoresis. The first dimension 
was carried out on 10% acryl- 
amide—bisacrylamide (19:1), 7 M 
urea, Tris-borate buffer 0.089 M, 
pH 8.3, and run from right to left 
for 25h at 12 Vcm‘' in the cold. 
The second dimension was done on 
20% acrylamide, 4 M urea in the 
same buffer and run from top to 
bottom for 48 h at 13 Vcm™'. Gels 
were stained in 0.2% (w/v) 
methylene blue solution in 2% 
sodium acetate buffer, pH 5.0, and 
destained in running water’*''*. a, 
tRNA$&” species from the second 
peak of the BD-cellulose column 
(fractions 90-150 from Fig. 1b), 
0.1 Argo. b, tRNA} species from 
the first peak (fractions 45-80), c, 
tRNA" and tRNA% species 
previously purified from a BD- 
cellulose column carried out in the 
absence of Mg**. d, tRNA{* and 
tRNAŠ® co-electrophoresed with 
05A 260 of total PSG tRNA. 
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part. It has been shown, for example, that tRNA®", tRNAGY 
and tRNA3;* are the most highly labelled species at all times in 
the posterior part. Their absolute synthesis rates are at a maxi- 
mum on days 3 and 4, that is, at the end of the growth phase and 
the beginning of fibroin secretion. In the middle part however, 
tRNA**?, tRNAY", tRNA?" and tRNAS* species have high 
absolute synthesis rates with a maximum shifted in time, 
whereas other tRNA species are synthesized at lower rates. 

A comparison of biosynthetic rates for the iso-tRNA“* family 
is of particular interest. Figure 4 shows that during the fifth instar 
changes in the relative synthesis rates for tRNAS* and tRNA S* 
occur in the two silk gland parts—these changes differ between 
the two parts. In the PSG, there is an increase in tRNAS* 
synthesis with respect to tRNA{* species at the start of fibroin 
production. However, in the MSG, tRNA** species is pref- 
erentially synthesized although the changes are more progres- 
sive. We know that these different patterns are essentially due to 
the highest synthesis rate of tRNA’ in the posterior, and 
tRNA‘ in the middle part. These individual changes explain 





Fig. 3 Differential accumulation of tRNA‘ species on poly- 
acrylamide gel maps from PSG and MSG of B. mori silkworm at 
the end of the fifth larval instar. Two-dimensional electrophoresis 
was carried out according to Fig. 2 legend. The figures show only 
the tRNA‘* area corresponding to the upper right part of a 
complete tRNA electrophoretic map. a, PSG; b, MSG; c, carcass. 
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Fig. 4 Differential synthesis rates of tRNA" and tRNAS*™ 
species in the middle and posterior silk glands of B. mori silkworm 
during the fifth larval instar. Silkworms from days 1 to 8 of the last 
instar were each injected with 0.5 mCi *H-uridine and dissected 
after 4h labelling. URNA from posterior (W) and middle (@) silk 
glands were subjected to two-dimensional polyacrylamide gel 
electrophoresis and each tRNA** spot quantitated. The ordinate 
indicates time (h) after the first meal following the last moult. 


the differential accumulations evident in Fig. 1 and shown more 
precisely in Fig. 3. They seem to be related to the different 
mRNA populations being decoded. 

Of the three possible levels of regulation—preferential 
degradation of mature tRNA species, selective processing of 
precursor tRNA, and differential transcription of tRNA genes— 
we concentrated on the last possibility. The preferential 
degradation of non-used mature tRNA species can be ruled out, 
because we have found similar degradation rates for 13 tRNA 
species, including tRNA*‘* species'’. A selective processing of 
precursor tRNA, whose primary transcripts would match tRNA 
gene distribution, cannot be excluded, although preliminary 
results from silk glands incubated on day 4 for a short time with 
**P indicate an enrichment of pre-tRNA** in the middle part 
compared with the posterior part”. 

Although there is no direct evidence for a transcriptional 
control of tRNA gene activity according to the needs of the 
polysomal compartment, the differential appearance and 
accumulation observed for each iso-tRNA** species favour 
such a mechanism, the most suitable to account for tRNA 
adaptation to the mRNA codons being translated. 

We thank Dr G. Chavancy, A. Fournier and Ms J. Ramsey for 
critical reading of the manuscript. 
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It is thought that the ionized Ca’* concentration in the cytosol of 
healthy erythrocytes is in the range 0.01-0.1 pM (ref. 1) and 
that this low concentration is maintained by an ATP-driven 
calmodulin-dependent Ca** pump in the plasma membrane””. 
The Ca**-stimulated ATPase which is the enzymatic expression 
of this pump varies in its calcium sensitivity between different 
preparations of erythrocyte ghosts, with activation generally 
occurring in a concentration range between ~1 and 10 pM Ca?* 
(refs 2-5). This is a higher range of Ca** concentrations than 
might be anticipated for activation of a pump that sustains 
intracellular concentrations of Ca** below 0.1 pM, and recent 
reports have suggested activation in some membrane pre- 
parations at Ca** concentrations in the range 0.1-1.0 pM (refs 
6, 7). We report here a simple method for preparing human 
erythrocyte membranes in 2.5 mM HEPES/1 mM EGTA at pH 
7.0 (see Fig. 1 legend) in which the activation of the Ca’*- 
ATPase by Ca’* and intracellular concentrations of calmodulin 
is highly cooperative and is complete by ~1 pM Ca’*. Unlike 
other available erythrocyte membrane preparations, the pattern 
of activation by Ca** and calmodulin is not complicated by 
partial resealing of the ghosts during and after isolation. We 
suggest that this cooperative activation of the Ca** pump may 
explain how healthy erythrocytes maintain their normal cytosol 
Ca’* concentration at a threshold value at or below ~0.1 pM. 
We also note that several other calmodulin-dependent enzymes 
display similar cooperative activation kinetics. 

We first compared the activation by Ca?” of the calmodulin- 
dependent ATPase activities of human erythrocyte ghosts that 
had been prepared in various media, but which were all assayed 
in conditions of ionic strength and of ATP and Mg” concen- 
tration relatively similar to those in the cell. We observed that 
membranes isolated in 2.5 mM HEPES/1 mM EGTA at pH 7.0 
exhibited the behaviour shown in Fig. 1a: activation occurred at 
lower Ca** concentrations than with other ghost preparations, 
and full activation occurred over a narrow range of Ca? 
concentrations. A rise from 10 to 90% of full activity required 
only a four- to fivefold increase in Ca** concentration, indicating 
that Ca** activated the ATPase in a highly cooperative manner 
(Hill coefficient 3.0+0.4, n= 5). In the presence of a high 
concentration of calmodulin, substantial activity was expressed 
at least down to 0.1 uM (Fig. la). As the concentration of 
calmodulin was reduced, however, the proportion of the total 
activity expressed at micromolar concentrations of Ca2* fell 
(Fig. la, b). These experimental results are very similar to those 
reported by Klinger et al.” but these authors interpreted their 
data in terms of classical Michaelis-Menten kinetics and thus, 
we feel, overlooked the potential importance of their obser- 
vations. 

If these results reflect the pattern of activation of the Ca?* 
pump in the intact erythrocyte, into which Ca** leaks only very 
slowly, the ionized Ca** concentration within the cell would 
automatically be maintained below 0.1 uM, that is, at the 
expected level for a healthy erythrocyte. That this pattern may 
indeed be the correct one, rather than an experimental artefact, 
was indicated by comparative experiments (not shown) in which 
the Ca’* dependence of the Ca?*-ATPase was assessed in 
several membrane preparations, using both unmodified samples 
and samples treated with 0.1 mg per ml saponin”*; the pre- 
parations tested were the new HEPES/EGTA ghosts, whole 


erythrocytes, ghosts prepared in 20 mM Tris/1 mM EGTA and 
ghosts prepared in imidazole /histidine/EGTA mixtures’. In the 
absence of saponin, the three latter preparations showed either 
no ATPase (cells) or activation that was much less sensitive to 
Ca** and calmodulin than in the HEPES/EGTA preparation, 
but when saponin was present (to ensure membrane permeabil- 
ity) they all behaved like the saponin-free HEPES/EGTA 
ghosts illustrated in Fig. 1. We therefore believe that much of the 
reported variability in Ca** and calmodulin sensitivity of pre- 
viously described ghost preparations arose simply because they 
were partially (and variably) resealed, so that access of added 
Ca”, ATP or calmodulin to the ATPase was restricted. 
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Fig. 1 Activation of (Ca**+Mg**)ATPase by a, Ca?” in the 
absence (O) or presence of bovine brain calmodulin (A, 56 nM; I, 
280 nM; @, 5,600 nM), and b, calmodulin in the presence of a 
maximally stimulating concentration of Ca?* (24M). Human 
blood was obtained from the Regional Blood Transfusion Labora- 
tories within 7 days of collection. Erythrocytes were sedimented 
and washed three times in 0.15 M NaCl/1.5 mM HEPES, pH 7.2, 
at 4 °C to remove plasma and leukocytes. Cells were lysed in 10 vol 
of 2.5 mM HEPES/1 mM EGTA, pH 7.0. The membranes were 
sedimented at 15,000g for 15 min and then washed five times in the 
same medium. The isolated membranes were stored in this medium 
at 4°C for up to 24h before use. (Ca** +Mp?*)ATPase activity 
was assayed for 30 min at 30 °C in 1 ml of 30 mM HEPES, 30 mM 
KCI, 80 mM NaCl, 4mM MgCl,, 3mM ATP, 0.1 mM ouabain, 
1 mM EGTA, to which various concentrations of Ca** were added 
before adjustment of the pH to 7.0. Calmodulin was isolated from 
bovine brain'®. Assays contained 0.15~0.2 mg of membrane pro- 
tein. The ionized Ca** concentrations were calculated using 
Kk cq?+-eGra Of 11.0, as recommended by Owen'”. Reactions were 
stopped by addition of cold trichloroacetic acid (final concentration 
10% w/v) and P, in the acid-soluble fraction measured!®. Ca?*- 
ATPase activity was calculated as total ATPase activity minus the 
activity expressed in the presence of 1 mM EGTA without added 
Ca?*. The results shown in a and b are each taken from duplicate 
incubations in a single experiment, and are typical of results 
obtained in several experiments of fundamentally similar design. 
Results of the type shown were consistently obtained in many 
preparations of ghosts isolated in 2.5 mM HEPES, 1 mM EGTA, 
pH 7.0, but not in ghosts isolated in various other conditions. 
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Both we (Fig. 1) and others (for example, ref. 7) have noted 
that erythrocyte Ca**-ATPase can express its full activity at 
concentrations of calmodulin far lower than those present in the 
cell (~5 uM)*’. Our results (closed symbols in Fig. 1a) and 
those of Klinger et al.’ also demonstrate that the calmodulin- 
dependent activation of the ATPase by Ca?* retains its 
cooperativity at reduced calmodulin concentrations. However, 
as the calmodulin concentration is reduced, the apparent affinity 
for Ca** declines, suggesting that a function of the high, 
apparently ‘excessive’, calmodulin concentration that prevails 
within cells may be to maximize the sensitivity to Ca? of an 
already sensitive Ca’* pump. Further studies using concen- 
trations of Ca** and/or calmodulin that were inadequate for full 
activation gave complex results (not shown) that seem to rule out 
any explanation of activation involving simply the generation of 
a certain concentration of a particular Ca?*-calmodulin 
complex as suggested by Cheung’; the relationship of these 
results to the mechanism of cooperative activation will be 
considered elsewhere. 

At ~1.0 uM Ca**, at which full activation of the ATPase was 
seen in the presence of calmodulin, the ‘basal’ (that is, calmodu- 
lin-independent) Ca’*-ATPase activity of these ghosts was no 
more than 5% of their maximum activity, but this could be 
raised, in a relatively non-cooperative manner (open symbols in 
Fig. la), to ~20% of maximum activity at a Ca?* concentration 
of ~100 uM. This activity persisted through extensive and 
varied washing procedures, as did a residual complement of 
62 +15 ng (n = 3) of membrane-associated calmodulin per mg 
of membrane protein (as assayed by the activation of skeletal 
muscle myosin light chain kinase by heat-denatured erythrocyte 
ghosts; H. Dolbear and P.D., unpublished results). It therefore 
seems that soluble calmodulin must be available if the activation 
of the ATPase by Ca** is to show its normal cooperativity, but it 
remains possible that control by Ca?* of the lower-affinity, 
‘calmodulin-independent’ basal activity may still be mediated, 
in a different manner, by residual calmodulin that is tightly 
bound in the membrane preparations, as has been suggested 
previously”’°, If this is correct, this residual calmodulin mi ght be 
as tightly bound to the membrane ATPase as the calmodulin 
that is bound into the subunit structure of phosphorylase kinase. 

Recent work has suggested that some Ca*-mobilizing 
hormones and neurotransmitters evoke intracellular responses 
by causing relatively small (for example, fivefold) changes in the 
cytosolic ionized Ca** concentration (for example, ref. 11). Such 
small changes in Ca** concentration should therefore be able to 
control the key intracellular enzymes responsible for these 
responses. At least two calmodulin-dependent Ca?*-activated 
enzymes other than the Ca’*-ATPase (myosin light chain 
kinase’? and cyclic nucleotide phosphodiesterase'*) show 
highly cooperative activation by low concentrations of Ca?*. 
Recent data suggest that the same may also apply to glycogen 
phosphorylase kinase when activated through its endogenous 
calmodulin subunit but not when activated by exogenous tro- 
ponin I; this cooperativity was not, however, noted in the 
original paper’*. It seems possible that such cooperativity may 
be an essential and general characteristic for the functioning of 
many enzymes that must respond to small changes in cytosol 
Ca** concentration. It will be interesting to determine whether 
the same type of mechanism underlies the cooperative activa- 
tion by Ca** of all these calmodulin-dependent enzymes. 

We thank the MRC for the award of a research studentship to 
P.D. 
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The Ca’*+Mg’*-activated ATPase of the sarcoplasmic re- 
ticulum is responsible for the active Ca** transport of this 
membrane system’, the key feature of which is the formation of 
an energy-rich phosphorylated transport enzyme (EP) and its 
conversion’. To understand the Ca’*-transport mechanism, it is 
essential to clarify the behaviour of this intermediate in relation 
to such ligands as ATP, ADP, Mg”* and, particularly, Ca’. 
Recent kinetic studies on the phosphate turnover of this system 
suggested a relatively slow rate of Ca’* dissociation from the 
phosphorylated enzyme**, which possibly indicated Ca** bind- 
ing in some occluded form with the intermediate. Here we 
report direct measurements of the binding and release of Ca** 
during phosphorylation of the sarcoplasmic transport enzyme. 
The results indicate an occlusion of the Ca** binding, accom- 
panying an initial configurational change of the enzyme induced 
by the energy-rich phosphoryl transfer. 

Figure 1 shows Scatchard plots of Ca** binding by the vesi- 
cular and solubilized sarcoplasmic transport ATPase in the 
absence of ATP. No essential difference could be observed 
between assays using 1 and 5 mM MgCl. The curves for both 
preparations show a break. In the case of vesicular ATPase, the 
calcium affinities of the preparation, calculated from the slopes 
of the curves, were Kass = 1 pM and ~10 uM, which suggests 
negatively cooperating sites for Ca?” binding®*®. The maximal 
capacity for Ca?” binding, obtained by extrapolation of the 
curves in Fig. 1 to the ordinate intercept, corresponds to 2.2-2.3 
mol Ca** per mol of the ATPase phosphorylable site in the 
vesicular preparation. Numerous kinetic analyses of the tran- 
sient and/or steady state activity of the native or the partially 
purified vesicular sarcoplasmic ATPase have shown that one 
molecule of the transport ATPase is activated by the binding of 
two Ca** (ref. 7). The maximal Ca”* binding capacity obtained 
from Fig. 1 includes, therefore, 0.2-0.3 mol of Ca** binding 
capacity per mol phosphorylable site in excess. This could be due 
to the nonspecific Ca** binding capability of the preparation, for 
example, due to contamination of the Ca**-binding protein or of 
denatured ATPase protein. 

All the ATPase preparations formed, with ATP, a maximum 
of 4-5 nmol phosphoenzyme per mg protein. Based on a mole- 
cular weight of 115,000 for the sarcoplasmic ATPase‘, this 
indicates that about half of the vesicular or solubilized ATPase 
preparations consist of enzymatically inert proteins—that is, 
mainly denatured ATPase protein. 

However, the solubilized ATPase protein shows a maximal 
Ca** binding capacity of ~1.4 mol per mol of phosphorylable 
site. As both the ATPase preparations show the same specific 
activity, it is reasonable to assume that they both contain the 
same amount of inert protein. Thus, the subtraction of 
nonspecific Ca** binding capacity found in the vesicular pre- 
paration gave a maximal Ca’* specific binding capacity of the 
solubilized ATPase which was almost half that of the former 
preparation. A break in the Scatchard plots of solubilized 
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ATPase (Fig. 1) is presumably due to the nonspecific bound 
Ca** capacity. Apparently, the solubilization reduces the affinity 


Bound Ca?+(mol per mol phosphorylable site) 


9 


Bound Ca** (uM) / Free Ca?* (uM) 


Fig. 1 Scatchard plots of Ca’*binding by the vesciular and solu- 
bilized Ca?” -transport ATPase. Binding of Ca’* to the ATPase 
was determined by the flow-dialysis method of Colowick and 
Womack’ in solutions containing 0.4 M KCI, 0.3 M sucrose, 1 
{(O,@) or 5mM (11,81) MgCl, and $0mM_ Tis-TES (tri- 


“methylamino ethanesulphonic acid), pH 8, at 5°C. The concen- 


tration of the enzymes was adjusted to 3 mg ml’ and, in the case of 
solubilized ATPase (@, W), 3.5 mg ml‘ deoxycholate (DOC) was 
included in the assay. Vesicular ATPase (partially purified sarco- 
plasmic reticulum vesicles: ©, CI) was prepared by the method of 
Meissner et al.''. To obtain the solubilized ATPase, 3.5 mg ml”! of 
the sarcoplasmic protein was solubilized with DOC (3.5 mg ml’) 
in the presence of 0.4 M KCI, 0.3 M sucrose and 50 mM Tis-TES, 
pH 8, at 5°C’*. After pelleting of the non-solubilized proteins 
(105,000g for 50 min), the supernatant contained ~3 mg of pro- 
tein and 3.5 mg of DOC per ml. About 6 nmol Ca?" per mg protein 
(obtained by atomic absorption spectrometry, Perkin-Elmer 
Model 4000) constituted Ca?” contamination in both enzyme 
preparations. The measurement of Ca?” binding was started by the 
addition of 4 nmol (3.2 aCi) *°Ca to 1 mi of the enzyme solution. 
The Ca?” concentration was increased stepwise up to 2 mM by the 
addition of ‘cold’ CaCl,. The ordinate is the amount of Ca?” bound 
per mol of phosphorylable site of the preparation used. The 
maximum amount of phosphoprotein was estimated in an assay 
containing 3mM CaCl, 1mM MgCl. and 100uM ATP, as 
4-5 nmol EP per mg protein for both the vesicular and solubilized 
| ATPase. 


of one of the two sites of the enzyme for Ca’. 


This raises the question of whether the solubilized sarco- 
plasmic ATPase requires one or two Ca** for its activation. 
Because the rate of the EP formation of the solubilized ATPase 
is much slower than that of the vesicular ATPase (data not 
shown), the time course of EP formation can be easily followed. 
Figure 2 shows the change of EP level, extra Ca” binding and P; 
liberation during transient EP formation. It is evident that the 
extra binding of Ca** was accompanied by EP formation and the 
amount of additional Ca’* bound to the ATPase was almost 
equal to the amount of EP formed. No correlation was found 
between the time course of additional Ca** binding and P; 
liberation. Apparently, two Ca** are also required for the 
activation of the solubilized sarcoplasmic ATPase. The reaction 
steps for the activation of the solubilized ATPase can thus be 


formulated: 
Step 1 Step 2 Step 3 
K, K K, 
E < ECa ECa, a a E*PCa, + ADP 
Ca** Ca** ATP 





Table 1 Retention of bound calcium on the phosphorylated sarcoplasmic 


transport enzyme 
Effluent contents 
Mol bound 
Phosphorylable Ca?* per mol 
ATPase Calcium* site phosphorylable 
preparation Addition {nmol} (nmol) site 
Vesicular None 0.180 + 0.005 0.244+0.004 0.739+0.010 
None 0.099 + 0.005 0.306 + 0.004 0.32440.014 
ATP 

Solubilized (100 pM) = 0,37140.011 0.25940.019 1.437 40.076 

AMPPCP 
{200 pM) = 0.091 +.0.007 0.281+0.007 0.322 40.024 


A small Sephadex G-50 column (4.7 x 57 mm) prepared according to Penefsky” 
was equilibrated with a solution containing 0.4 M KCI, 0.3 M sucrose and 50 mM 
Tris-TES, pH 8. The enzymes (3 mg protein ml~*), were incubated with “CaCl, 
(1 mM) in the presence or absence of ATP (100 uM) or AMPPCP (200 pM) ina 
solution containing 0.4 M KCI, 0.3 M sucrose, 80 uM MgCl, and 50 mM Tris- 
TES, pH 8 at 0°C for 2 min. An aliquot of the assay (50 pi) was transferred to the 
top of the column and centrifuged immediately (150g for 2 min at 5°C) and the 
effluent calcium and protein content were measured. The enzyme preparations 
showed the maximal phosphorylable site number of 5.1 nmol per mg protein using 
the method described in Fig. 1 legend, with no significant difference between the 
vesicular and the solubilized enzyme. Values are the means of four determina- 
tions +s.e.m. . 

* The calcium content of the effluent in the control experiment containing no 
protein was <0.002 nmol. 


The solubilizing procedure affects the ATPase by reducing its 
affinity for the second Ca’* (K3), so that, at the concentration of 
Ca’* which is usually sufficient to activate the transport enzyme 
(for example, 90 uM as in Fig. 2), one solubilized ATPase 
molecule binds about one Ca’*. If ATP is added, step 3 of the 
reaction is activated and the enzyme is accumulated in the form 
of E*PCa,, which retains two Ca** per molecule. The binding 
state of the Ca** with this enzyme species should be very 
different from that of the unphosphorylated enzyme species. 

In the experiments shown in Table 1, the ATPase pre- 
parations, after incubation in appropriate conditions, were 
centrifuged through a small Sephadex column to rapidly remove 
the incubation medium (centrifuge column method’). As the 
enzyme is exposed to the ligand free-solution in the column 
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Fig.2 Extra Ca” binding to the solubilized sarcoplamic ATPase 
during EP formation. The reaction was started by adding 50 uM 
[y-°’PJATP to the assay containing 3 mg ml” ' solubilized ATPase 
protein, 3.5mgml™' DOC, 0.4M KCl, 0.3M sucrose, 90 uM 
CaCl, 80 uM MgCl, and 50 mM Tris-TES pH 8.0, at 5°C and 
terminated after the appropriate time by addition of 4% tri- 
chloroacetic acid containing 0.1 mM ATP and 0.2mM P,. EP 
formation and P, liberation were measured as described else- 
where'*''*, Change in the concentration of Ca** was measured in 
the same assay containing 100 pM Murexide’*. The reaction was 
started with quick addition (within 1 s) of 50 pM cold ATP and the 
absorbance change of the dye at 507/540 nm was registered on a 
Aminco DW-2 spectrophotometer. The addition of ATP caused an 
immediate change in absorbance corresponding to the decrease in 
Ca?” concentration of ~2uM due to formation of Ca~ATP 
complex. This deviation was subtracted from the original trace. 
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during the separation time, the bound ligands, particularly the 
rapidly exchangeable ligands, are partially removed from the 
enzyme protein. When the vesicular ATPase was preincubated 
in solution containing 1 mM Ca**, 0.74 mol of Ca** was bound 
per mol active enzyme after centrifugation instead of the expec- 
ted 2 mol. In the case of solubilized ATPase, 0.32 mol of Ca?* 
was bound per mol of ATPase instead of the expected 1 mol. 
Apparently, about two thirds of the rapidly exchangeable bound 
Ca** is removed from the ATPase protein in this procedure. 
When the solubilized ATPase was incubated with 100 uM ATP 
and 1 mM Ca’*, 1.44 mol of Ca** were bound per mol active 
enzyme in the effluent. In a parallel assay with ‘hot’ ATP and 
‘cold’ Ca**, in the effluent, 32% of the phosphorylable sites of 
the enzyme were unphosphorylated and 68% were phos- 
phorylated. Therefore, 1 mol of the active ATPase in these 
effluents retains 0.1 mol (32% of 0.32 mol) Ca?*, which 
represents the unphosphorylated state and the remaining 1.34 
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mol Ca** represents the phosphorylated state (68% of 1 mol). 
Thus, even after column centrifugation, 2 mol of Ca** are 
retained by 1 mo! phosphorylated enzyme. Addition of 200 uM 
AMPPCP (non-hydrolysable ATP analogue) had no effect on 
the Ca**-binding of the solubilized ATPase. 

The condition for EP formation in which bound Ca** cannot 
be removed is low Mg’* concentration (80 uM). When the 
experiment in Fig. 2 was done using 5 mM Mg’, addition of 
ATP caused a transient increase in Ca?” concentration in the 
assay, as observed previously by Ikemoto*. A high Mg” 
concentration presumably effects the further conversion of the 
phosphoprotein, resulting in Ca°* liberation and dephos- 
phorylation. The occlusion of the bound calcium on the trans- 
port ATPase molecule is coupled with an initial configurational 
change of the enzyme molecule caused by phosphorylation of 
the enzyme protein, but not by formation of the substrate- 
enzyme complex. 


8. Le Maire, M., Jørgensen, K. E., Reigaard-Petersen, H. & Møller, J. V. Biochemistry 18, 
5805-5812 (1976). 
9. Penefsky, H. $. J. biol. Chem. 282, 2891~2899 11977), 
10. Colowick, S. P, & Womack, F. C. J. biol. Chem. 244, 774-777 (1969), 
11. Meissner, G., Conner, G. E. & Fleischer, S. Biochim. hiophys. Acta 298, 246-269 {1973} 
12, Jørgensen, K. E., Lind, K. E., Reigaard-Petersen, H. & Maller, J. V. Biochem. J. 169, 
489-498 (1978). 
13. Makinose, M. Eur. J. Biochem, 10, 74-82 (1969). 
14. Takisawa, H. & Tonomura, Y. J. Biochem., Tokyo 83, 1275-1284 (1978). 
15, Scarpa, A. Meth. Enzym. 24, 343—351 (1972). 


Direct observation by NMR of two 
coexisting conformations of 
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Dihydrofolate reductase is the site of action of the ‘anti-folate’ 
drugs, such as methotrexate, pyrimethamine and trimethoprim, 
which act as competitive inhibitors of the enzyme’. These 
inhibitors bind to the Lactobacillus casei enzyme cooperatively 
with the coenzyme NADP(H), which can increase inhibitor 
binding by as much as 700-fold*. The existence of confor- 
mational changes accompanying ligand binding and involved in 
inhibitor—coenzyme cooperativity has been inferred from NMR 
experiments’. It seems likely that these conformational 
changes are important in determining the specificity of the 
enzyme for its ligands*’°*'. We now report the direct obser- 
vation by NMR of two distinct conformations of the enzyme- 
trimethoprim-NADP* ternary complex in solution. 

Figure 1 compares the histidine C*'—H resonances of this 
complex with those of the enzyme-methotrexate-NADP* 
complex. The resonances of all seven histidine residues'?, 
labelled A-G, are clearly resolved in these conditions. Their 
positions are closely similar in the two complexes (for a detailed 
comparison, see ref.13), with the exception of resonance F. This 
has been assigned to His 28 (ref. 14), which is seen in the crystal 
structure” of the enzyme—methotrexate-NADPH complex to 
interact with the y-carboxyl of the glutamate moiety of metho- 
trexate. As there is no corresponding group in trimethoprim, the 
pK of His 28 is ~1.3 units lower in complexes with tri- 
methoprim than in those with methotrexate'?'®. 

The most striking difference between the two spectra in Fig. 1, 
however, is that in the spectrum of the trimethoprim complex 
resonances E (tentatively assigned to His 18 (refs 13, 14)) and 
F are split into two peaks, each of intensity corresponding to 
approximately half a proton (compare resonances A, B and D). 


*To whom correspondence should be addressed. 
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The separation between these two components of resonances E 
and F, measured in hertz, is directly proportional to magnetic 
field strength and therefore represents a chemical shift 
difference. The spectra thus show that the enzyme-tri- 
methoprim~NADP* complex exists in two forms which differ in 
the environments of two histidine residues, His 28 and, prob- 
ably, His 18. The approximately equal intensity of the two 
components of the histidine resonances indicates that these two 
forms are present in approximately equal amounts. 

If these two forms interconvert with one another, they must 
represent different conformational states of the complex. The 
observations of two distinct signals separated by only ~ 15 Hz 
(at 270 MHz and 5 °C) implies that such an interconversion must 
be slow. We have demonstrated that interconversion occurs and 
measured its rate by determining the temperature dependence 
of the line shape of histidine resonances E and F over the range 
0-50 °C at both 270 and 470 MHz. The results at 470 MHz are 
shown in Fig. 2. 

As the temperature is increased, the two components of each 
histidine resonance broaden, and then coalesce into a single line 
which sharpens as the temperature is increased further. This 
behaviour is that expected for a progressively increasing rate of 
interconversion between the two states represented by the two 
components of the absorption band. (The progressive downfield 
shift of the resonances with increasing temperature is due to the 
temperature dependence of the pK values of the histidine 
residues.) These changes in line shape, and particularly the 
broadening of the resonances with increasing temperature at 
low temperature, cannot be accounted for by any model in which 
there is no interconversion between the two states, thus eli- 
minating the possibility that they correspond to two hitherto 
undetected isoenzymes of the kind observed in Escherichia coli 
RT500 (ref. 17). 

The observed line shapes can be satisfactorily simulated, as 
indicated in Fig. 2, on the basis of a model involving intercon- 
version between just two states of the protein, These simulations 
allow us to estimate the rate of interconversion at each 
temperature, taking the chemical shift difference between the 
two states as that measured at 5 °C (0.044 p.p.m. for resonance 
F, 0.063 p.p.m. for resonance E). The estimated rates range 
from 2s”' at 26°C to 80s"! at 51°C. Four independent esti- 
mates of the rate can be made at each temperature from 
simulation of resonance E and resonance F each at 270 and 470 
MHz. These four estimates always agreed within +15%, 


tee LA rr pe 


TORT hédaomilien Paves le Fat 





274 





Nature Vol. 290 19 March 1981 





indicating that the two-state model of the interconversion 
process is adequate. The fact that the two components of 
resonance F coalesce at a lower temperature than those of 
resonance E can be simply explained by the smaller chemical 
shift difference between the two states in the former case. The 
activation parameters for the interconversion, calculated from 
the temperature dependence of the estimated rate constants, 
are: AH* = 25(+3) kcal mol™’, AS* =29(+8) cal K` mol”. 
There is no detectable change in the relative proportions of the 
two states over the temperature range studied. 

Note that the splitting of the two histidine resonances is not 
observed in either the enzyme-trimethoprim or the enzyme- 
NADP* binary complexes. The observation of two coexisting 
conformations of the ternary complex but not of either binary 
complex is clear evidence for the existence of conformational 
changes specific to the ternary complex. These may be involved 
in the observed cooperativity in binding between NADP” and 
trimethoprim. 

Examination of the three-dimensional structure of the 
enzyme-methotrexate-NADPH complex'® shows that the 
backbone carbonyl group of His 18 forms a hydrogen bond to 
the 3’-hydroxyl of the nicotinamide ribose of the bound coen- 
zyme. His 28, on the other hand, is farther both from the bound 
coenzyme and from trimethoprim (bound in the conformation 
deduced from 'H NMR data’). We have recently shown’? that 
the interaction of the nicotinamide ring of the coenzyme with the 
enzyme and the conformation of the bound coenzyme both 
differ between the two conformations of the ternary complex. 
The two environments of His 18 may thus reflect the two modes 
of interaction of the coenzyme. The effect on His 28, however, 
indicates that the conformational differences between the two 
states of the complex extend beyond the residues in direct 
contact with the bound ligands. 
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Fig. 1 Histidine C‘'-proton resonance region of the ‘H NMR 
spectrum of L. casei dihydrofolate reductase in its complexes with 
methotrexate (MTX) and NADP” (top) or trimethoprim (TMP) 
and NADP* (bottom). The resonances of the seven histidine 
residues are labelled A-G. The spectra were obtained at 270 MHz 
using a Bruker WH270 spectrometer in the Fourier transform 
mode. The samples consisted of ~1 mM enzyme in 0.35 ml” H,O 
containing 50 mM potassium phosphate, pH (meter reading) 6.5, 
3500 mM KCI. Approximately 2,000 transients obtained using 
quadrature detection, with 8,192 data points for a spectral width of 
4,2 kHz, were averaged for each spectrum. Before Fourier trans- 
formation, the free induction decay was multiplied by an exponen- 
tial equivalent to a line broadening of 2 Hz. Chemical shifts are 
expressed relative to internal (1 mM) dioxan (3.71 p.p.m. 
downfield from dimethylsilapentane-5-sulphonate). 
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Fig.2 The histidine C* * proton resonances E (on the right) and F 
of the dihydrofolate reductase-trimethoprim-NADP” complex as 
a function of temperature. The line shapes simulated using the 
equation for a two-site exchange process, with the chemical shift 
difference measured at 5 °C and the rate constants shown (chosen 
for the best visual fit to the experimental spectra), are shown at 
either side, The experimental spectra were obtained as described in 
Fig. 1 legend, but using the 470-MHz spectrometer of the Oxford 
Enzyme Group. 


The coexistence of two or more conformational states of an 
enzyme complex has often been postulated, or inferred from 
indirect evidence, in this and other systems. In the present case, 
however, we are able to observe two coexisting conformational 
states directly in solution, measure their rate of interconversion 
and begin to characterize the structural differences between 
them. 

We thank Gill Ostler and John McCormick for technical 
assistance and the Oxford Enzyme Group, particularly [ain 
Campbell and Peter Stiles, for the use of their 470-MHz NMR 
spectrometer. E.I.H. is supported by a MRC Research student- 
ship. 
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BOOK REVIEWS 





Computers born of crisis 


S.J. Goldsack 





A History of Computing in the Twentieth 
Century. Edited by N. Metropolis ef al. 
Pp.688. (Academic: 1980.) $29.50, £16.60. 
Early British Computers. By S. Lavington. 
Pp.139. (Manchester University Press: 
1980.) Hbk £7.95; pbk £3.95, 


SEPARATELY, these books would both be 
well worth reading by anyone with an 
interest in the origins of computing as we 
know it today. Together I found them 
fascinating. Both volumes claim to be of 
interest to the non-specialist reader, as well 
as to the technically aware. I would judge 
that this claim is reasonably justified; 
however, I think that an understanding of 
the technical background would certainly 
help. 

The book by Metropolis ef al. is the more 
important. In June 1976, a conference on 
the history of computing was held in Los 
Alamos. Its purpose was to bring together 
as many as possible of the pioneers who 
created the modern computer, to tell the 
story of their work. The timing was none 
too early; already important figures such as 
J. von Neumann, A. Turing and F.C. 
Williams, whose presence would have 
added greatly to the proceedings, had died. 
Their places were taken by colleagues who 
had shared in their work. Speakers 
described the early work on the design and 
use Of computers in America, England, 
Germany, Russia and Japan. The book is 
essentially the written record of that 
conference. 

Many of the basic concepts involved in 
computing were understood before the 
outbreak of war in 1939. However, the 
urgent need for tools of computation in 
connection with war work, and the great 
technical advances in electronics which 
were brought about by the efforts in radar 
and other fields, produced circumstances 
in which the construction of electronic 
computers could prosper. 

It is commonplace to recognize how the 
threat of war in the 1930s, and the war 
effort that followed, fostered technical 
advances in many fields. The participants 
in these efforts experienced a uniquely 
exciting period in their lives. The intrinsic 
scientific interest of the work in which they 
were involved, the urgency with which the 
research was pursued, and, perhaps for the 
first time, a political commitment by the 
governments involved to ensure that the 
resources required were as far as possible 
made available, combined to create an 
atmosphere which had not before been 





a 
M.J. Lanigan and Tom Kilburn with a section of the transistorized MUSE computer in 1959. This 
prototype was a forerunner of the Ferranti ATLAS, inaugurated by Sir John Cockcroft in 1962, 
which incorporated several new concepts in computer design. 


encountered. After 1945, those involved 
returned to the universities, or to newly 
established research centres, fired with 
enthusiasm to continue the work which 
they had started in the urgent circum- 
stances of international crisis. As a student 
in the immediate post-war period, it 
was impossible not to sense the enthusiasm 
which our teachers brought to their work. 

The authors of this book were not 
primarily writing memoirs of their 
experiences; yet the effect of the collection 
of accounts by all the parties participating 
in work relating to electronic computers 
about how progress was achieved in the 
different centres, and the interrelation 
between them, creates a strong impression 
of the vitality of the period. 

It would not be realistic to single out 
particular papers as worthy of special 
notice, as the interest of the book lies in the 
way in which the contributions of the 
various authors combine to create a 
complete picture. Inevitably, however, 
there is special interest in those papers 
describing work done in conditions of 
secrecy during the war, and of which these 
accounts are among the first publicly 
available. They include, for example, the 
description of the Collossus machines, 
used to decipher German codes by the 
British Secret Service — oddly, this work 
was sponsored by the Foreign Office! | 
personally learned much of which I was 
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From Early British Computers 


ignorant, or only dimly aware. I had failed 
to appreciate, for example, how widely the 
Williams storage tube was used on both 
sides of the Atlantic for a period before the 
invention of magnetic core stores. 

The volume addresses the history of 
computing. Though hardware has pride of 
place, the developments in programming 
and programming languages are included. 
It would be impossible to appreciate the 
development of computer architecture, 
without understanding the need for better 
facilities for the programmer. 

The date chosen, tacitly, to determine 
the end of history and the start of the 
modern era was rather arbitrary. Historical 
computers, it seems, used valves: 
transistors belong to the modern era. The 
computers of the second generation, which 
saw the development of operating systems 
and complex software, were not covered. 
Perhaps a future conference should 
address the history of programming and 
software; it is doubtful, however, whether 
it would reach the same level of interest for 
the general reader as is achieved in this 
book. 

It is not surprising, perhaps, that 
Lavington’s volume should appear at 
about the same time as the other. 
Lavington presented the work of the 
Manchester group under F.C. Williams at 
Los Alamos, and, no doubt, his book was 
inspired in part by the research involved in 
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preparing his contribution to the larger 
work. Though it has less scope and signi- 
ficance, it does include an account of the 
ATLAS Computer which was largely 
developed at Manchester and which intro- 
duced the concept of virtual storage in the 
early 1960s. 

Lavington’s early chapters, which 
attempt to give in a few pages a technical 
account of the early developments, are 
rather shaky. However, the style quickly 
settles down to an interesting description 
which reinforces and extends the material 
of the larger book. a 
S.J. Goldsack is Professor in the Department of 


Computing at Imperial College, University of 
London. 


Charles Babbage, 1792-1871, who devised 
the basic principles of modern computers. 


Alan Turing, a leading figure in the early 
days of computer design. He died in 1954. 
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Computing and optics in context 


P.W. Hawkes 


The Computer in Optical Research. Edited 


by B.R. Frieden. Pp.371. 
Verlag: 1980.) DM 98, $57.90. 


(Springer- 


SOME topics seem so naturally adapted toa 


multi-author series such as this that when 
the corresponding volume does appear it is 
hard to realize that it has no rivals. 
Frieden’s collection is a good example: 
most of the material is available elsewhere, 
scattered throughout the literature though 
not necessarily that of optics, but how very 
much more useful and usable it becomes, 
gathered into a single volume, put in 
context and with a recognizable pattern 
imposed on it. 

Five subject-areas are explored. First, R. 
Barakat describes the calculation of the 
various types of integrals that arise in 
diffraction theory; his aim is to draw 
attention to the methods that have been 
developed by numerical analysts, with 
which specialists in other fields are all too 
often unfamiliar. This is followed by along 
and extremely important chapter by 
Frieden on probability and statistics, This 
contams a formal but highly readable 
account of those aspects of the subjects 
that Frieden believes to be valuable in 
optics. After arguing persuasively that 
such methods are likely to become all- 
pervasive in this field, he regrets that 
progress is slow since ‘‘most optical 
workers simply do not know the methods’”’ 
even though ‘“‘first applications in optics 
have been highly successful”. He claims, 
quite justifiably, that his chapter is the 
‘first exposition on probability and 
Statistics written specifically from the 


optical perspective and for the optical 
community’’. 

The remainder of the book is less 
revolutionary though of considerable 
interest. A.K. Rigler and R.J. Pegis give a 
knowledgeable account of optimization 
methods, L. Mertz examines computers 
and optical astronomy and W.J. Dallas 
surveys the computer generation of 
holograms. Every chapter is filled with 
practical information, illustrated with 
numerous examples, and it is clear either 
that Frieden has submitted the chapters to 
thorough editing to ensure uniformity of 
tone or that he chose his contributors very 
skilfully. Furthermore, he has written an 
introductory chapter that adds 
substantially to the usefulness and 
readability of the remainder. In this, he 
writes what amounts to a long essay-review 
of the book, explaining informally how the 
individual chapters are organized and 
giving his own opinions of the place of par- 
ticular approaches in optics. In addition he 
draws attention, sometimes anecdotally, to 
other topics that could have been included, 
or are at too preliminary a stage of develop- 
ment to appear in the main text; Fienup’s 
modified version of the Gerchberg-Saxton 
algorithm is an example of this. 

It is not often that the multi-author 
formula is entirely satisfactory but here it 
works to perfection. The best way of 
recommending this wholly excellent book 
is to say that I cannot understand how we 
have been managing without it. E 
P.W. Hawkes is Maître de Recherches at the 
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The double layer in electrochemistry 


Andrew Hamnett 


The Double Layer. Comprehensive 
Treatise on Electrochemistry, Vol.1. 
Edited by J.O’M. Bockris, B.E. Conway 
and E. Yeager. Pp.453. (Plenum: 1980.) 
$49.50, £31.19. 





THE Plenum Press have published a 
remarkable series of books on 
electrochemistry in recent years, and the 
Comprehensive Treatise on Electro- 
chemistry is their latest and most ambitious 
venture. This first volume contains nine 
articles on aspects of the double layer 
written by such well-known 
electrochemists as Parsons, Bockris, 
Frumkin and Damaskin. Inevitably, these 
articles make rather varied intellectual 
demands on the reader, from the 
considerable in the case of Parsons’ 
introductory article on thermodynamics, 
to the pedagogically straightforward 


account by Reeves of the double layer 
without specific adsorption. 

Parsons’ account of the Gibbs 
adsorption isotherm is rightly given the 
task of introducing this volume. It is an 
essay of considerable erudition, though the 
development of the basic equations is very 
abstract. Some didactic edge is therefore 
lost in the early part of the essay and only 
recovered when the author considers some 
specific examples of electrode con- 
figuration. 

The two articles by Reeves and by Habib 
and Bockris constitute the central part of 
the book. They are both clear and well 
written, though I would have preferred a 
more thorough and detailed account of the 
recent developments in double-layer 
theory described in Reeves’ article. The 
essay by Bockris and Habib on specific 
ionic adsorption is a thorough account of a 
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highly controversial area; indeed, some of 
the flavour of this controversy is evident in 
the article, lending it at times an almost 
polemical tone. Equally clear is the dis- 
cussion by Damaskin and Kazarimov on 
the adsorption of organic molecules onto 
electrodes; from the pedagogical point of 
view, this is the most successful article in 
the book. 

Frumkin and co-authors present a 
detailed account of the concept of potential 
of zero charge. This topic has attracted 
several recent reviews and a book (by 
Frumkin); the present article is in fact a 
reprise of that book and will be welcomed 
therefore in the West. The importance of 
the concept of pzc is amply illustrated in the 


present review and my only criticism is that 
there remain some problems in notation, 
both between this article and others in the 
volume, and indeed between text and 
figure captions. 

The articles by Pleskov, Boguslavsky 
and Hunter are devoted to various aspects 
of the non-metal/electrolyte interface, 
Pleskov’s essay reviews the double-layer on 
classical semiconductors and is an able 
summary of the famous book by Myamlin 
and Pleskov (Electrochemistry of Semi- 
conductors; Plenum, 1967), but I was 
disappointed to find so few references to 
work of the past decade, especially given 
the explosion of interest that has occurred 
in this field. Boguslavsky has provided a 
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welcome if rather tentative account of the 
insulator/electrolyte interface and Hunter 
a brief but most useful description of 
colloids, . 

The present volume contains some 
essays of great value; in others the develop- 
ment is rather eclectic and the overall result 
is somewhat uneven, Nevertheless, the first 
volume of this series will undoubtedly 
become a standard work. Nothing quite so 
detailed has been attempted before in 
electrochemistry, and firmer editorial 
control should ensure that subsequent 
volumes will more than fulfil its promise, O 
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Population genetics with age — not forgetting the genes 


Michael Bulmer 


Evolution in Age-Structured Populations. 
By Brian Charlesworth. Pp.300. 
(Cambridge University Press: 1980.) Hbk 
£18, $44.50; pbk £5.95, $13.50. 


THIS is the first book in a new series called 
Cambridge Studies in Mathematical 
Biology, the aim of which is that ‘‘each 
book will be self-contained, covering 
necessary background theory, but without 
allowing the mathematical details to 
obscure biological relevance’, The book 
under review admirably fulfils these aims. 

The classical theory of population 
genetics assumes a life-history with 
discrete, non-overlapping generations in 
which all individuals in the population at a 
particular time are the same age. This 
model is appropriate for annual plants and 
insects, but not for a large number of 
species (most vertebrates, for example) 
with overlapping generations. In the latter 
situation, the population at a particular 
time consists of individuals of different 
ages with fecundities and survival 
probabilities dependent on their age, anda 
proper theory of its population genetics 
should take its age structure into account. 
In particular, it is clearly impossible to 
consider how natural selection moulds the 
way in which fecundity and survival 
depend on age without considering age 
structure, so that recent interest in the 
evolution of life-history strategies has 
stimulated theoreticians to extend classical 
population genetics theory to include age- 
structure as a variable. Brian Charlesworth 
reviews and summarizes this work, much 
of which is his own. 

Five chapters develop the subject in a 
logical way. The first introduces the 
relevant demographic theory, and the next 
discusses population genetics in age- 
structured populations without selection 
(Hardy-Weinberg and linkage equili- 
brium, and genetic drift in finite 
populations); of particular value is the 


description of the elegant work of Hajnal 
on the frequencies of consanguineous 
matings in an isolated population. 
Chapters 3 and 4 form the core of the 
book and describe the effect of selection in 
an age-structured population. The author 
remarks that important work on this 
subject was published by Haldane and 
Norton in the late 1920s, but that further 
work was inhibited by the introduction by 
Fisher of his ‘‘Malthusian parameter” 
method in 1930, which apparently 
provided a simple and elegant answer to the 


problem. However, it has been recognized | | 
in the past ten years that this method is |- 
defective because a particular genotype | 
cannot have a fixed Malthusian parameter | 
when the genotypic composition of the | 


population is changing under selection; 
there is no short-cut to the methodology 
introduced by Haldane and Norton. 
Finally, Charlesworth discusses the 
evolution of life-history strategies, that is 
to say the evolution of senescence and of 
reproductive patterns. This is the most 
interesting area of application of the ideas 
developed in the book; the author’s general 
conclusion is that 
although qualitative agreement between 
theoretical expectation and observed 
differences in life-histories between and 
within species is often good, no studies of 
natural populations have really been 
capable of demonstrating close quantita- 
tive agreement between a real and an 
optimal life-history. 
Few would disagree with this comment. 
This is an important book which can be 
recommended to anyone with an interest in 
population genetics and evolutionary 
biology. The argument is presented clearly 
from first principles; the author does not 
belong to the hand-waving school of 
thought which believes that, when the 
going gets difficult, it is possible to do 
population genetics without genes. The 
mathematical level is reasonably straight- 


forward, but it is at times difficult to see the 


wood for the trees; a reader might do well 
to make a rapid first reading before 
studying the details. | 

Incidentally, it should be noted that 
Bernardelli is throughout mis-spelt 
**Bernadelli’’; this is probably a copying 
error from a secondary source — a classical 
deletion mutation, ee = 
Michael Bulmer is a Lecturer in Biomathematics 
at Oxford University, 





















H.K. LEWIS can supply works 
in, all branches of Pure and 


Applied Science. Catalogues 
on request. Please state 
interests. 


SCIENTIFIC 
LENDING 
LIBRARY 


Annual Subscription from £7.50. 
(Available in U.K. only) 


Reduced rates for multiple subscrip- 
tions. 


Prospectus post free on request. 


Quarterly List of New Books and new 
editions added to the Library sent post free 
to subscribers regularly. 


H.K. LEWIS 
& Co. Ltd. 


136 GOWER STREET, 
LONDON, WC1E 68S 





Telephone: 01-387 4282 
Hh dali “Publicavit, 
Lon ; 


WC1E 68S.” 
Circle No.26 on Reader Enguiry Card. 










| ae “eonon76-4207" 
THE BIOTECHNOLOGY 


conan 
BioEngineering News - 


the only biweekly 
newsletter covering the 
genetic-engineering 
~recombinant-DNA, 
monocional-antibody, 
and cell-culture 
industries. 


24 issues — $236.00 (U.S.) 
($195.00 in U.S. & Canada) 


Subscriptions sent airmall. 


Write: BioEngineering News, Suite 
304, 109 Minna St., San Francisco, 
CA 94105. Tel: (415) 332-0508. 
Telex: 171463-HQLARK. 

Special Reports Available: (1) Ge- 
netic Engineering Industry, (2) Hy- 
bridoma & Cell Fusion, (8) Auto- 
mated DNA Synthesizers. Price: 
$29.95 (U.S. Funds). 


.. |. NOTE - For prepaid subscriptions select 
|. any two (2) reports. as a bonus. 





Reader Enquiry Card. 


MICROCOMPUTERS 
and PHYSIOLOGICAL 


f 


james E. Randall. Dihana Universi 
Seheol of Meds ae BE 


CHOTE 1 BIDOU DRIGJ 


h, Arthur C Gason. l nnoppeit ax 


Li 
tF 


“Here is where Dr. Randalls book is invaluable: 
the background information on microprocessors, 
combined with specific examples of biological 
data simulated with various hardware and 
software configurations, should allow any life- 
science experimenter to progress rapidly fram 
the initial idea to a working simulation model.” 


f BYTE 
Contents: 

Introduction. Microcomputer Components. 
Operating Systems and Programming Languages. 
Hardware Enhancements for Simulation. Repre- 
sentative Microcomputers. Compartmental 
Kinetics: A First Example. The Glucose Tolerance 
Test. Cardiovascular System Mechanics. Arteria! 
Pulse Pressure. Vectorcardiography and the Limb 
Leads. Distortion of Waveforms. Axon Action 
Potentials. Cardiac Action Potentials. Formatting 
Student Exercises. Index. 


1980. 250 pp. lus. Paper 061286 $14.50 


Brochure Available from Publisher. 
Price is subject to change without notice. 
Price higher outside U.S.A. 


Addison-Wesley 
Advanced Book Program, 
World Science Division 
Reading. Mass. 01867, U.S.A. 





PRC 
London, Amsterdam, Don Mills, Ontario. Sydney, Tokyo 


Circle No.11 on Reader Enquiry Card. 
































A. Serafini-Fracassini 


Biology and Pathology of Elastic Tissues. 
Frontiers of Matrix Biology, Vol.8. Edited 
by A.M. Robert and L. Robert. Pp.230. 
(S. Karger: 1980.) $74.25, SwFr.124. 


Tus book attempts to expound, for the 
benefit of graduate students and profes- 
sional investigators, various areas of 
scientific research which are contained 
within the subject of molecular biology and 
pathology of elastin. This is undoubtedly a 
topic of considerable importance to bio- 
chemical and medical workers, and one 
which has attracted a large amount of 
research over the past two decades. As 
unambiguous interpretations of functional 
properties of the protein still prove elusive, 
it is of some value to have, brought 
together in one volume, a collection of 
critical evaluations of some recent 
findings. The earlier contributions in the 
book deal with structural and con- 
formational aspects of the protein, while 
the others discuss its implication in the 
inflammatory response and in some tissue 
disorders. The role of elastases in these 


pathological conditions is adequately 


outlined. However, in this context, one 
would like to have seen included an up-to- 
date account of the biosynthesis of elastin, 
with particular reference to the nature of 
the soluble biosynthetic intermediate and 





a Nature Vol. 290 


Some worthy publicity for elastin | 


to the biogenesis of the cross-links. Such a 
chapter would have been of great value to 
an outsider to the subject in appreciating 
the significance of some structural features 
of the protein and in understanding the 
pathogenesis of specific disorders. Other 
aspects which with advantage could have 
been covered more fully are the physico- 
chemical properties of elastin, and the 
thermodynamics of its deformation to 
balance Dr Urry’s excellent contribution 
on synthetic repeat polypeptides. 

It is difficult to make a unified 
judgement on this collection of papers 
because the style of the contributions is so 
varied. Some offer an accurate review of 
the relevant scientific research, while 
others mainly outline the results obtained 
in the authors’ laboratories, occasionally 
with the exclusion of some lines of research 
that might have merited discussion. This is 
also reflected by the variable number of 
references cited at the end of each chapter. 

The book is well produced, adequately 
illustrated and as a whole very readable. 
Elastin has not yet enjoyed its share of the 
general escalation in scientific pub- 
lications, and I consider this a worthy 
collection, one which could be read with 
profit inits entirety by non-specialists. C 
A, Serafini-Fracassini is Professor of Bio- 
chemistry at the University of St Andrews. 


Compleat diquat and paraquat 


R.J. Hance 


The Bipyridinium Herbicides. By L.A. 
Summers. Pp.449. (Academic: 1980.) £33, 
$79.50. 





ONLY two bipyridinium herbicides, diquat 
and paraquat, are in widespread use, so it is 
interesting to speculate why they have 
stimulated a book of this size when larger 
groups of herbicides have not. Perhaps 
there are two reasons. The first is the 
enthusiasm of Dr Summers for his subject. 
The second is that, in comparison with 
other herbicides, the peripheral synthetic 
chemistry of these compounds 15s 
challenging and their toxicology unusual. 
Indeed, these topics occupy almost half the 
book. The remainder covers the chemistry 
of the respective diquaternary salts, 
structure—activity relationships, environ- 
mental fate, occurrence and analysis of 
residues, herbicidal use and modes of 
action. 

With 2,500 references cited in little over 
400 pages the text is hard going in places 
but, by intelligent use of tables, the author 
has done his best to avoid producing a 
catalogue. The only reasonable criticism 
that might be made is that not all readers 


will follow the logic underlying the 


sequence in which subjects are presented. 


For instance, the chapters dealing with fate 
in biological systems and with residues are 
separated from that on toxicology and 
environmental effects which in many 
respects is closely related. The layout 
within chapters also occasionally seems 
strange. There is a good example on p.394, 
where a paragraph describing the most 
effective ways of treating paraquat 
poisoning is placed in the middle of a 
section rather than at the end where it 
would have more impact. However, the 
book is sensibly indexed so the reader 
should have little difficulty in finding 
specific information. 

Nowadays, books including a range of 
specialist subjects tend to be multi- 
authored. For one man to tackle such a task 
successfully is an impressive feat of 
scholarship and Dr Summers deserves 
warm congratulation. His book 
undoubtedly will become a standard 
reference. It shows, incidentally, that there 
remains a place for books of this type 
alongside the computer-based information 
retrieval systems that seem to threaten their 
viability. G 
R. J. Hance is leader of the Herbicide Group at 
the Agricultural Research Council Weed 
Research Organization, Yarnton, near Oxford. 
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Reagan’s non-existent science advisors 


Why ıs the Reagan Administration dragging its feet on the 
appointment of a Science Advisor in the White House? More than 
two months have now passed since Dr Frank Press packed his 
bags and left From time to time, this or that distinguished person 
has been mentioned as a possible successor, only to sink beneath 
the waves of gossip again The President’s budget request 
dutifully includes provision for a Science Advisor and a small 
staff, but at the present rate the new fiscal year will have begun 
before the Administration will be writing cheques against this line 
item It1s, however, inconceivable that the motive for the delay in 
appomting a successor to Dr Press 1s simply parsimony Even the 
new stringent budget includes many more extravagances than this 
modest office Nor is it likely that the failure to appoint a Science 
Advisor stems from a lack of qualified candidates Although 
some of those mentioned in connection with this office are 
probably too accustomed to speaking out in public to suit the 
White House, there can be no enduring shortage of people able to 
take on the job Moreover, it 1s unlikely that President Reagan’s 
White House 1s fearful that anyone appointed to the post would 
have to walk in Dr Press’s shadow for too long By common 
consent, Dr Press did the job superbly, but the new 
Admunistration seems not to have been shy of appointing less well 
known people to other posts previously occupied by relative 
giants 

The most charitable explanation ıs that the new Administration 
has sought to avoid the encumbrance of a Science Advisor while 
putting together its budget request And it 1s easy enough to 
understand what a nuisance such a person would have been in the 
past few weeks The proposal to cancel the United States half of 
the joint mission, with the European Space Agency, to put a parr 
of satellites ın polar orbits about the Sun would have evoked a 
string of memoranda explaming that such a course of action 
might permanently damage the chances of international 
collaboration on technical projects Similarly, the 
Administration may have calculated, the plan to take the 
National Science Foundation out of science education would 
certainly have produced a reflex reaction from any Science 
Advisor anxious to keep his links intact with former colleagues ın 
the wider world More memoranda would have filtered over from 
the Old Executive Office President Reagan’s spirits must have 
sunk quite low at the prospect that a newly appointed Science 
Advisor, anxious to make his mark alongside the Kilhans and 
Wiesners, would have chosen to offer unsolicited and largely 
unusable (let alone unwelcome) advice about the new 
Admunistration’s armoury and 1ts lack of policy (so far) on arms 
control Why not wait until the summer, when some of the dust 
will have settled, before inviting such unnecessary problems? On 
this charitable calculation, the next President’s Science Advisor 
will be tapped on the shoulder some time about midsummer, 
when his or her plans to spend a vacation at Woods Hole, Aspen 
or in Europe are too far advanced to be cancelled easily, will take 
up office ın the middle of the next frenzied budget process, and 
will not start writing awkward memoranda until fiscal 1983 


dominates everybody’s thoughts That is the charitable 
calculation of the new Admunistration’s most charitable 
motivation 

Unfortunately, more sombre, even sinister calculations are 
possible Is there, for example, a chance that the Administration 
has it in mind never to appoint a successor to Dr Press, not 
because it seeks to make a modest saving in the budget but 
because, as a matter of principle, ıt has decided that it does not 
want to be encumbered with such a person? Purists will quickly 
say that no modern administration would harbour such a 
thought Has it not been amply demonstrated, ever since the end 
of the Second World War, that every administration needs a 
Science Advisor? Did not President Nixon’s abolition of the 
President’s Science Advisory Committee (not yet restored, even 
though Congress would like it back) show what harm can cometo 
those who stab the research establishment ın the back? One day, 
the calculation goes, there will be a constitutional amendment 
making the office of Science Advisor a part of the machinery of 
government, and from then on there will be no hesitation 
Unfortunately, this simple calculation 1s wrong It 1s probable 
that President Reagan has persuaded himself that if he cannot 
find a Science Advisor with all the virtues (distinction, discretion 
and an unwillingness to write memoranda unless asked), he will 
do without one In that, he will be mistaken 

The case for having some kind of Science Advisor 1s subtle, 
administrative rather than an issue of principle It 1s fashionable 
to say that science 1s so important that any president must have his 
own captive source, but that too stems from a mistaken view of 
what the world 1s like The White House ts not short of technical 
advice Every government agency in Washington can supply a 
stream of memoranda to match whatever Dr Press’s putative 
successor writes The particular function of a Science Advisor in 
the White House is to hold the ring between the several warring 
agencies of government that ask contradictory (and impossible) 
tasks of every government — make unemployment go away, 
preferably by the encouragement of small business, make 
universities the powerhouses of innovation but less of acharge on 
the public purse, ensure peace by some technical device, but 
provide that if there ıs trouble in Central Europe, the United 
States will not be on the losing side (A Science Advisor worth his 
salt will also be ready with opinions on whether the MX missile 
should be based 1n Utah or at sea, but may not again be required to 
advise, as in President Kennedy’s time, on the best way to grow 
cranberries ın Massachussetts ) In the last resort, however, what 
matters about the function of the Science Advisor ın the White 
House is not the content nor even the quahty of the advice 
rendered, but the fact of his or her existence He or she is a 
lightning-rod, able to concentrate and then harmlessly to 
discharge the discontents of a powerful constituency The con- 
stituency is not, however,all that powerful, these days, butshort of 
funds and also of friends An Administration with its wits about it 
would appoint a Science Advisor now, while it can still choose If 
Mr Reagan delays much longer, he will find that he has less choice 


How not to run telecommunications 


The British government seems well on the way to making a hash 
of its policy on telecommunications Almost since last July, when 
the Secretary of State for Industry, Sir Keith Joseph, first spelled 
out the terms on which the old Post office monopoly would be 
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relaxed, the House of Commons has been struggling with a nasty 
compromise of a bill for the reorganization of the British Post 
Office The proposal to separate the businesses of handling the 
mails and of managing telecommunications is sensible, if long 
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overdue Most of the other provisions of the bill, especially those 
concerned with the new telecommunications business (trendily 
known as British Telecom) are unsatisfactory (see Nature 288, 
424, 1980) Although British Telecom will no longer (if the bill 
becomes law) be able to decide for itself how to exercise all of its 
monopoly powers, these questions will be decided not by the 
balance of competition in a free market but by the Secretary of 
State and his civil servants, often with the connivance of British 
Telecom itself Thus even on the relatively minor, or at least 
technical, question of what equipment telephone users may 
attach to their telephone circuits, the government has now agreed 
that recommendations by the British Standards Institution 
should be scrutinized (and no doubt quarrelled with) by British 
Telecom before being decided by the Department of Industry 
That British telephone users will suffer from this fainthearted 
fudge is clear Those principally concerned have so far failed to 
recognize that British Telecom will also be damaged 

Signs of trouble have already surfaced Last week (19 March), 
the chairman of British Telecom, Sir George Jefferson, was 
complaining to an audience of equipment manufacturers that 
development 1s being hampered by the lack of capital The 
complaint is all too familiar Even in prosperous times, British 
governments have been unwilling to let the most buoyant of the 
nationalized industries modernize its network as quickly as 
technology would allow When, as now, the cornerstone of 
financial policy 1s to keep a tight rein on public expenditure and 
thus on the need to borrow from the money markets, and when 
such funds as can be borrowed are increasingly being used to 
support industries (private as well as public) ın danger of collapse, 
the pressure on British Telecom ıs greater than ever The irony 1s 
that the investment even of publicly borrowed funds in the 
telecommunications network would be profitable, which 1s more 
than can be claimed for the other investments of borrowed money 
which the British government has ın the past few months felt 
bound to make in British Steel, British Shipbuilders and British 
Leyland As luck will have it, the continuing restrictions on 
British Telecom’s freedom to borrow capital have now been 
sharpened because its own revenues have risen less quickly than 
expected, chiefly as a consequence of the recession The result will 
be that British Telecom will have to cut back its already modest 
plans for development in the next two years Some years from 
now, when the recession 1s eventually ended, Britain will be less 
well endowed with telecommunications than ıt could have been 
The effect of government policy ıs thus to starve the future so as to 
es ce past 

t is not this impediment to the proper development of a 

communications network merely an unfortunate but unavoidable 
consequence of the recession? That 1s the simple response to Sir 
George Jefferson’s plea that British Telecom should be hberated 
from the shackles that now bindit The calculation 1s misleading 
Can it ever be wise for a government playing entrepreneur to make 
unprofitable investments while refusing to invest ın profitable 
projects? For private investors, that would be a path to 
bankruptcy For governments, good sense 1s habitually clouded 
by political considerations The British government has been 
investing in steelmaking, shipbuilding and the manufacture of 
motor cars in part because ıt cannot bring itself to face the social 
upheaval that the collapse of these traditional industries would 
cause in the parts of the United Kingdom ın which they are 
concentrated Unemployment, the government seems to have 
decided, 1s high enough already So, too, itis But to fail to invest 
in potentially productive enterprises such as telecommunications 
will entail that, when the recession eventually drags to an end, 
high unemployment will persist for longer than would otherwise 
be necessary 

How, in these circumstances, can the British government 
arrange for the development of the telecommunications network 
at the pace that technology will allow? For the government, the 
question does not come out of the blue Sir Horace Barlow, Sir 
George Jefferson’s predecessor at the Post Office, resigned a year 
ago because the Department of Industry would not agree to his 
proposal that the development of the telecommunications 
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network should be financed by allowing the Post Office to borrow 
some of its capital requirements from private sources The 
Treasury with a simple logic insists that any debt that ıs ultimately 
guaranteed by the public purse must be counted as public 
borrowing But there are ways round this over-simple rule, some 
of them already embodied ın the Post Office Bill now before the 
House of Commons For one thing, to the extent that the shading 
of the public monopoly will make ıt possible for the first time (in 
Britain) for terminal equipment to be purchased by private users 
and not purchased and leased to users by the monopoly, there 1s 
scope for reducing the public cost of telecommunications 
development But the bill also includes the delphic provision that 
British Telecom will be allowed to borrow money from private 
sources for joint enterprises with private industry in which it does 
not have a controlling interest In principle, these arrangements 
would allow expensive capital projects, the use of earth satellites 
within the telecommunications network for example, or the 
development of novel kinds of trunk transmissions routes, to be 
financed privately and then leased back to British Telecom 
Precisely such a device 1s being considered by the British 
government as a means of allowing the British railways to be 
electrified without undermining forecasts of public borrowing ın 
the years ahead So why, while complaining at the chains that bind 
it, does not British Telecom point to the ways in which its own 
development could lighten the government’s need to borrow 
money? 

The explanation 1s straightforward but not creditable Neither 
British Telecom nor the Department of Industry appears as yet to 
have adjusted to the opportunities provided by the shading of the 
public monopoly on telecommunications While nghtly urging 
that the pace of development in telecommunications should be 
faster — much faster — British Telecom seems not to have learned 
that ıt cannot do everything itself If, however, its interest ıs the 
rapid development of a modern telecommunications network, it 
should welcome the chance of having as much as possible of the 
financial burden carried on other shoulders It should, for 
example, welcome the prospect that ıt may no longer be required 
to buy terminal equipment from manufacturers simply so as to 
lease ıt on to users, tying up capital in the process In practice, 
British Telecom has taken a much more defensive line, and 1s 
clearly planning to compete as fiercely as it can with such of the 
suppliers of terminal equipment as the Department of Industry 
may license in the fullness of tıme Moreover, as the bill is now 
drafted, there ıs nothing to ensure the new monopoly will compete 
with upstart suppliers on terms that are objectively fair Indeed, 
there 1s a danger that British Telecom will try to beat off the new 
suppliers to the network by devoting too much of its own 
resources to its first essay in competition, thus further hampering 
Its capacity to invest in long-term developments. In the 
circumstances, British Telecom’s pleas for more freedom to 
borrow money sound more hollow than intended 

The solution must lie with the government, the only participant 
in the reorganization of the British telecommunications network 
which has an interest that the old monopoly should be eroded and 
also that the development of the network should be less dependent 
on public borrowing Unfortunately, the Department of Industry 
cannot ensure that British Telecom behaves sensibly while ıt has 
assumed for itself the role of final arbiter on trivial technical 
questions such as the specification and design of the terminal 
equipment that may be attached to telephone circuits What 1s 
needed, even at this late stage, 1s that the British government 
should step back from the day to day regulation of the telecom- 
munications network, delegating that responsibility to a less 
partial body able to take a judicial view of what constitutes fair 
competition between British Telecom and the rest of the tele- 
communications industry Such devices have been found 
necessary elsewhere, in the United States for example, in strikinga 
balance between the public interest and those of public 
monopolies For the British government, and for British 
Telecom, the prize would be some relief from the problem of 
financing a technological development of great promise ın the 
middle of a recession. 
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DNA guidelines for further attenuation 


NIH to consider 


new voluntary 
provisions 


Washington 

Two prominent members of the 
National Institutes of Health (NIH) 
Recombinant DNA Advisory Committee 
(RAC) are suggesting a major trans- 
formation of the guidelines covering 
recombinant DNA research which would 
not only significantly reduce containment 
levels for a variety of experiments, but also 
convert the guidelines into a non- 
regulatory ‘‘code of standard practice” 
Dr Alan Campbell of Stanford University 
and Dr David Baltimore of the 
Massachusetts Institute of Technology 
claim that revoking the mandatory aspects 
of the guidelines 1s compatible with the 
experience gained since they were intro- 
duced five years ago 

The recommendation from Dr Campbell 
and Dr Baltimore will be discussed at next 
month’s meeting of RAC Also under 
consideration will be some less radical 
proposals suggested at a recent meeting of 
the chairpersons of local biosafety 
committees (Nature 288, 529, 1980), 
focusing primarily on reducing the paper- 
work involved in registering experiments 
conducted at the minimal P! containment 
level, which ıs expected to receive the 
committee’s support 

In a letter to Dr Donald Fredrickson, 
director of NIH, the two authors claim that 
since 1976, when the guidelines were intro- 
duced, neither experimental evidence nor 
theoretical arguments have been put 
forward to support the argument that 
recombinant DNA research poses any 
danger to human health According to 
their proposal, the list of prohibited and 
exempt experiments would be retained, as 
would RAC But all mechanisms which 
have been set up to enforce the guidelines as 
regulations — including, presumably, local 
Institutional biosafety committees — 
would no longer be required 

Dr Campbell and Dr Baltimore argue 
that singling out some classes of 
experiments as needing higher levels of 
physical containment has been made at the 
cost of discouraging variety and 
innovation and thereby limiting access to 
useful knowledge In contrast, they say, 
“the benefit 1s likely to be zero” 

If NIH agrees to move in this direction, it 
is likely to proceed cautiously At the last 
RAC meeting in January, the committee 
approved by nine votes to eight, with three 
abstentions, a proposal from Dr Winston 
Brill of the University of Wisconsin that the 
guidelines be changed to permit 
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recombinant DNA experiments using 
nonpathogenic prokaryotes and lower 
eukaryotes to be conducted at P] 
containment 

However, in a notice published recently 
in the Federal Register, Dr Fredrickson 
says that in the hght of the closeness of the 
vote, he 1s accepting in preference a com- 
promise proposed by another committee 
member, Dr Susan Gottesman, which 
would allow the Office of Recombinant 
DNA Activities to lower containment 
levels for such experiments on a case-by- 
case basis, but without requiring RAC 
review 

One effect of the proposal of Dr 
Campbell and Dr Baltimore would be to 
throw into greater prominence suggested 
safety guidelines for microbiological and 
biomedical laboratories prepared by the 
Center for Disease Control (CDC) — 
which, hke NIH, ıs part of the Public 
Health Service However CDC itself has 
become a recent focus of controversy, 
following its publication last autumn of an 
updated draft of what ıt calls a ‘‘national 
code of practice”’ 

The document, which has been widely 
circulated to universities and other 
research laboratories, 1s divided into two 
principal sections, and it ıs the second 


section which has generated the most 
detailed criticism This contains proposals 
for treating several types of organisms ın a 
way which many microbiologists feel 
would be overly restrictive — in particular 
using viruses such as SV40. As now written, 
the guidelines ‘‘would put most virologists 
out of business’’ says Dr Harlyn 
Halvorson, chairman of the public and 
scientific affairs board of the American 
Society for Microbiology (ASM), which 
has been coordinating the views of several 
professional societies and 1s shortly to issue 
a detailed critique of the proposals 

CDC officials maintain that they are 
anxious to achieve a consensus on the 
guidelines, and plan a thorough revision in 
the light of the many comments that they 
receive They also point out that the guide- 
lines do not have the force of law outside 
public laboratories, and are intended more 
as a guide to local biosafety officers 

In reality, however, the CDC guidelines 
are likely to be widely adopted as a broad 
framework for dealing with potentially 
dangerous microorganisms, whether used 
in recombinant DNA experiments or not 
In a letter to CDC director Dr William 
H Foege, ASM asks CDC to broaden the 
basis for discussions with the biomedical] 
research community — something that 


Guidelines transgressor let off lightly 


Washington 

Dr Ian Kennedy, discovered last year to 
have been cloning Semliki Forest virus and 
not Sindbis virus, has been let off with a 
caution The review committee set up by 
the National Institutes of Health (NIH) to` 
investigate charges that he had infringed 
regulations covering recombinant DNA 
research in his laboratory at the University 
of Cahfornia in San Diego has decided that 
no further action can be taken against him 
Dr Kennedy is no longer conducting 
research funded by NIH and has no grant 
application under review for NIH funding 

The panel has also, however, recom- 
mended that, in the light of what ıt claims 
was Dr Kennedy’s failure to comply with 
the NIH guidelines covering recombinant 
DNA research, during the next two years 
‘this use of such techniques may be made 
subject to such additional conditions as the 
awarding [NIH bureau, institute or 
division] may require”? 

The NIH review committee throws little 
light on whether, when Dr Kennedy 
performed experiments using Semliki 
Forest virus which were at the time 
proscribed by the NIH rules, he did so 
intentionally or merely as the result of 
cross-infection ‘‘It would not be fruitful 
for NIH staff to engage in an extensive 
examination of Dr Kennedy’s laboratory 
notebooks or to interview his co-workers in 
order to attempt a resolution of comph- 
cated and disputed chronology ” 


The committee, nevertheless, faults Dr 
Kennedy for not seeking prior approval for 
recombinant DNA experiments in mouse L 
cells, from which transformed RNA was 
analysed, and says that Dr Kennedy faled 
to act responsibly 

Commenting on the report, Dr Donald 
Fredrickson, director of NIH, said that he 
accepted the committee’s recommen- 
dations, and has asked both NIH officials 
and the university chancellor, Dr Richard 
Atkinson, to take appropriate action 

The review committee’s report comes 
two weeks after Dr Martin Cline agreed to 
step down permanently as head of the 
division of haematology and oncology at 
the University of California, Los Angeles, 
following the university’s discovery that he 
had used recombinant DNA molecules in 
treating patients with thalassaemia without 
the consent of the university committee 
responsible for protecting human subjects 
during clinical experimentation 

A statement issued by the university said 
that although both the patients and their 
families were told of the benefits and risks 
of the experimental treatment — which was 
carried out on one patient in Italy and 
another in Israel — neither university nor 
hospital officials were wnformed The 
university’s chancellor, Charles E Young, 
added, however, that no harm had cometo 
the patients treated by Dr Cline, whom he 
hoped would remain at the university 

David Dickson 
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CDC officials claim they would do 

The question that remains 1s how this 
would affect the future of RAC One 
option might be to open the committee up 
into a general ‘‘biosafety advisory 
committee’’, a proposal already supported 
by several committee members Another 
would be to broaden its scope to consider 
some of the ethical issues raised by the use 
of genetic engineering techniques in 
medical experimentation — a direction 
which Dr Fredrickson 1s said to favour 
Next month’s meeting will provide some 
clues David Dickson 


UK research councils 


Spending too soon 


Sır Geoffrey Allen, chairman of the 
Science Research Council, was let off 
‘lightly by the House of Commons Public 
Accounts Committee last week The com- 
mittee had hauled him ın to explain why the 
council had overspent in the year 1979-80 
by £4 I million Mr Joel Barnett, chairman 
of the committee, reprimanded Sir 
Geoffrey for errors of judgement, but 
seemed to accept his explanation 

The trouble began, said Sir Geoffrey, 
with the council underspending its budget 
sae = ta à SR nk “Mae Ae A A 
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No Tower for Allen 
by £2 million in each of the previous two 
years and with the promise ın late 1978 
from Mrs Shirley Williams, the Secretary 
of State for Education and Science, of an 
extra £33 million for the years 1979-80 to 
1982-83 To make sure that unspent 
money would not be taken back, Sir 
Geoffrey decided to spend the extra 
allocation for 1979-80 quickly and asked 
universities to apply for research and 
equipment grants But by July 1979 ıt was 
beginning to be apparent that the council 
might be overcommitting funds, especially 
as the new Conservative government, 
elected the previous April, had said that it 
would not honour Mrs Willams’s promise 
in full 

By September things had got worse The 
council then knew that it would only 
receive £5 million of the £7 5 milhon ıt had 
been expecting for 1979~80 An attempt to 
withdraw some of the extra grants awarded 
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was unsuccessful because equipment had 
already been delivered and money spent 
By October, the council was forecasting 
excess expenditure of £7 million by the end 
of the financial year In the event, it 
managed to save £2 9 million, mainly on 
international subscriptions 

The council had been caught out because 
equipment manufacturers were able to 
deliver on time and because universities, 
with cash flow problems of their own, sub- 
mitted bills promptly Work on the spal- 
lation neutron source at the Daresbury 
laboratory had also been completed earlier 
than expected — the council had been 
hoping that the bills would fall in the 
succeeding year 

Mr Barnett suggested that Sir Geoffrey’s 
stratagem to ease cash flow by postponing 
payments amounted to deception of Parh- 
ament But officials from the Department 
of Education and Science and the Treasury 
were more sympathetic in their evidence 
The problem ıs that the council, hike other 
government-funded bodies, has to plan its 
annual expenditure within a very small 
margin oferror Sir Geoffrey’s request that 
the error be raised from less than 0 2 per 
cent to I per cent, however, was quashed by 
the Treasury witness who said that an 
announcement had been made the previous 
day that no easing of cost margins was to be 
granted for any public agency 

The council’s overspending for last year 
is bound to make this year’s financial 
problems even more delicate, especially 
with the Public Accounts Committee 
breathing down the council’s back In the 
meantime, Sir Geoffrey expects to be 
issued with a formal reprimand He 1s 
unlikely to be sent to the Tower of London 

Judy Redfearn 


Polish academics 
Degrees in question 


Edward Gierek, former First Secretary 
of the Polish United Workers’ Party, made 
a comeback to public life recently — 
fighting to defend his right toan MSc Inan 
interview published in the Katowice Party 
daily, Trybuna Robotnicza, Mr Gierek 
complained that he had been subject toa 
prolonged campaign of denigration 

Mr Gierek was referring to allegations 
made by the Krakow Party daily Gazeta 
Krakowska, that the Krakow Akademia 
Gorniczo—Hutnica (Mining and Metal- 
lurgy Academy — AGH) had improperly 
awarded scientific degrees to promiment 
political figures including Zdzislaw 
Grudzien (former Katowice Party chief), 
Franciszek Szlacheic and Stanislaw 
Kowalczyk (former Munisters of the 
Interior) and to Mr Gierek himself 

Meanwhile, the Solidarity chapter at 
AGH had published a list of people alleged 
to have gained degrees improperly, 
claiming that in the early post-war period 
special crammer courses were introduced 
in a number of technical specialities — but 


that in practice only Party and government 
functionaries were able to take advantage 
of them 

Mr Gierek says that he was only one of 
several thousand people who had taken 
advantage of the courses intended to allow 
people with long industrial experience to 
get a degree in engineering ‘‘without 
regular studies’’ 

The rector of AGH is Dr Roman Ney, 
who last autumn became a candidate 
member of the Party politburo He was 
swift to respond to the suggestion of irregu- 
larities, and set up a special commission to 
investigate the allegations In Gierek’s case 
it found no evidence of malpractice AGH 
had on file a copy of his diploma as a 
mining engineer, specializing in the exploit- 
ation of coal deposits, and duly approved 
by the examination board Regarding the 
other allegations that in 1957-61 Grudzien, 
Szlachcic, Kowalczyk and others had been 
allowed to complete four-year extramural 
courses 1n the economics of metallurgy in 
just over one year, the AGH department of 
metallurgy simply reported that these par- 
ticular courses had been established on the 
orders of the Minister of Education 

Further queries have been raised about 
the academic status of Andrzej 
Jaroszewicz (son of the former Prime 
Minister) On 9 March, Krakow Technical 
University set up a special commission to 
investigate the circumstances surrounding 
his external degree in engineering 

These swift responses to hints of 
irregularity are in sharp contrast to the 
attitudes of officialdom which led, ın 1976 
to the resignation of the then President of 
the Polish Academy of Sciences, Professor 
Janusz Groszkowski, from all his public 
offices Professor Groszkowski1 had 
attempted to mtervene in the case of Mrs 
Aleksandra Hankus, who in 1964 had 
complained to the Krakow Technical 
University that a Mr Tibor Petrys had 
stolen her scientific results But the 
Technical University refused to take any 
action against Mr Petrys, granted him his 
DSc and later helped him prepare evi- 
dence for a libel suit against Mrs Hankus 

After an Il-year struggle — during 
which she served an 11-month sentence for 
libel and was sent by the judiciary for 
psychiatric tests — the Supreme Court 
finally vindicated Mrs Hankus, stating that 
she had proved that Petrys had ‘‘usurped 
her scientific work and cheated in 
obtaining the degree of Doctor of 
Sciences’? When Professor Groszkowski 
tried to bring a legal action against Mr 
Petrys, the Procurator General blocked the 
case for a year, since, according to 
Professor Groszkowsk1, Mr Petrys still 
enjoyed the support of ‘‘some organs of 
justice’? But eventually Mr Petrys’ degree 
was revoked 

In September 1980 Professor 
Groszkowski at last re-entered public life 
with an open letter to the academy, calling 
for a return to true academic standards in 
Polish science Vera Rich 
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US universities 
Commercial interest 


Washington 

Legislation passed last year by the US 
Congress to encourage the scientific 
community to take a greater interest in the 
commercial exploitation of their research 
— for example by giving universities and 
small businesses the right to patents 
resulting from federally-sponsored 
research — 1s already bearing fruit 
Spurred by the new patent laws, Stanford 
University 1s considering whether to invest 
university funds in companies set up by 
faculty members to exploit their research 
And the National Institutes of Health 
(NIH) are expected to reverse a 20-year-old 
policy which excludes scientists who work 
for profit-making companies from 
applying for competitive research grants 

At the same time, there are renewed 
pressures in Congress for legislation to 
offer private corporations tax incentives 
for supporting basic research in 
universities One attraction for the 
universities stems from the increasing 
constraints on federal funding, but 
industrial support for university research 
— at present only about 3 per cent of the 
total — ıs unlikely to become a substitute 
for the federal government 


New NASA man 


Washington 

The Reagan Administration 15s 
expected to announce shortly the 
appointment of Dr James Beggs, at 
present executive vice-president for 
aerospace at General Dynamics 
Corporation, to be the next administrator 
of the National Aeronautics and Space 
Administration (NASA) Dr Beggs was 
NASA’s associate administrator for 
advanced research and technology in the 
late 1960’s and before joining General 
Dynamics had acted as Under-Secretary 
m the Department of Energy His name 
was informally mentioned by Vice- 
President George Bush during a visit to 
the Kennedy Space Centre last week, and 
a formal announcement about Dr Begg’s 
nomination 1s expected from the White 
House this week 

Meanwhile there 1s still no news about 
the post of science adviser and director of 
the Office of Science and Technology 
Policy (OSTP) A decision by the White 
House to include funds for OSTP ın 1ts 
budget request for 1982 indicates that no 
official decision has yet been made to 
eliminate the office or its activities 
However, there are several rumours in 
Washington that the science adviser’s 
post may be downgraded, and that OSTP 
could be absorbed into the Office of 
Management and Budget, with which it 
worked increasingly closely during the 
Carter Administration David Dickson 




































The Stanford proposal was put to a 
meeting of the university’s committee on 
research two weeks ago by Dr William 
Massey, professor of business admunistra- 
tion and vice-president for business and 
finance In particular, he spoke ın favour 
of setting up a Stanford investment trust 
which would operate partly on capital 
provided by the university and partly on 
capital raised outside Such a trust would 
make ‘‘modest’’ equity investments ın the 
early financing of high-technology 
companies whose products derived ın some 
way from work at Stamford 

Several scientists at the Stanford 
meeting, among them Dr Edward Garvin, 
an adjunct professor at the Stanford 
Linear Accelerator Center, were concerned 
about the potential impact on research 
activity of the new proposals, particularly 
if ıt meant that the potential ability to earn 
money for the university became a major 
factor ın making research choices or 
faculty appointments 

At NIH, the change in rules covering 
applications for research grants 1s expected 
to be announced ın the Federal Register 
within the next few weeks It reverses a 
restriction applied to all funding by the 
Public Health Service in 1962, partly as an 
attempt to ensure that research funds were 
used to help build up university and 
medical schools, partly because of some 
well-publicized abuses 

A return to the situation of before 1962, 
which would not require ratification by 
Congress since the decision was essentially 
administrative, has been under discussion 
for several years. The document setting out 
the change 1n procedures 1s now said to be 
awaiting merely the signature of Health 
Secretary Mr Richard Schweiker, who 1s 
not expected to raise significant objections 

The legislation had some important 
administrative implications For example, 
changes in the patent law now required 
NIH to keep track of all patents awarded to 
universities from federally-sponsored 
research, ın order that the institutions 
should be able to exercise ‘‘march-in 
rights’’ if they consider that a patent 1s not 
being sufficiently exploited 

Dr Charles Lowe, head of the institutes’ 
Office of Medical Applications of 
Research, warned that such changes could 
have important implications, and steps 
might be necessary, for example, to protect 
the integrity of the peer review process His 
warnings were echoed by Dr Philip 
Siekevitz, professor of cell biology at 
Rockefeller University in New York, who 
said there was a danger that biomedical 
research priorities would be shifted from 
social need to return on investment 

Dr Donald Fredrickson, director of 
NIH, said he expected that many of the 
changes described by Dr Lowe would come 
about and that NIH would m particular be 
looking closely at the experiences of the 
National Science Foundation in forging 
ties between industry and universities 

David Dickson 


UK astronomy 
Change of direction 


Responsibility for the construction of 
the La Palma observatory in the Canary 
Islands, Britain’s hope for good optical 
astronomy in the Northern Hemisphere, 
will be handed over to Professor Alexander 
Boksenberg, now professor of physics at 
University College London, on 1 October 
Professor Boksenberg will then succeed 
Professor F Graham Smith as director of 
the Royal Greenwich Observatory, which 
is responsible for building and 
subsequently operating the La Palma site 
Professor Smith, a radioastronomer, will 
succeed Sir Bernard Lovell as professor of 
radio astronomy at the University of 
Manchester and director of the Jodrell 
Bank radiotelescope 

The La Palma observatory, which will 
house four major telescopes, 1s likely to be 
the Greenwich observatory’s largest 
project for a long time to come The 
Science Research Council, which made the 
new appointment, hopes that one of 
Professor Boksenberg’s first tasks will be 
tochivvy the Spanish authorities, who have 
been responsible for some delay, into 
speedier action But Professor Boksenberg 
sees his main task as encouraging 
astronomers in British universities to take 
the “fullest possible part in the new 
observatory He would like to see their 
involvement extend beyond the use of the 
telescopes for observation to the design of 
instruments and software, either in their 
own laboratories or at the Greenwich 
Herstmonceux site 

Since the Royal Greenwich Observatory 
took on the construction of the La Palma 
observatory, its own research effort has 
gradually diminished, a trend that 
Professor Boksenberg would lke to see 
reversed He hopes to encourage more 
astronomers to join his organization and, 
by collaboration with universities and 
Britain’s other major observatory, the 
Royal Observatory Edinburgh, to 
transform the astronomy community into 
“a happy family’’ 

Professor Boksenberg’s previous 
experience seems particularly relevant to 
an organization involved in both 
instrument-building and astronomical 
research Hus expertise ın building image 
intensifying instruments has won him 
collaboration on several major worldwide 
telescopes The image photon counting 
system, his big success, earned him 
observation time on the Kitt Peak and 
Palomar Mountain Observatories in the 
United States He ıs at present building 
instruments for the faint object camera, 
Europe’s contribution to the space 
telescope 

His observations have been mainly 
extragalactic, of quasars in particular As 
well as using groundbased optical tele- 
scopes, he has also worked with data from 
and designed instruments for the 
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International Ultraviolet Explorer 
satellite Professor Boksenberg hopes to 
retain an interest in astronomy af 
University College London by becoming a 


visiting professor there Judy Redfearn 
Oak tree wilt 

Europe in dread 

Brussels 


The European Commission 1s about to 
launch a research programme to find a cure 
for the tree disease oak wilt And a system 
of import controls 1s already in force to 
ensure that wood from the United States 
does not trigger off an epidemic as 
devastating as Dutch elm disease 

Experts on both sides of the Atlantic fear 
that if oak wilt were to reach Europe, it 
would in the European climate be the death 
knell of the oak tree The fungus has spread 
slowly in the United States and 1s 
concentrated in the areas below the Great 
Lakes Oak wilt 1s a fungus (Cehatosistos 
fagacearom) whose spores are thought to 
be transmitted either by the scullitus beetle 
or by root grafting (roots intertwining 
underground) The fungus clogs the tree’s 
vessels, blocking the movement of the sap 

Controversy has surrounded the 
necessity for and nature of the import 
regime Britain and Ireland have been in 
favour of tight restrictions on imported 
wood But aggressive lobbying by the 
German furniture industry has led to 
relaxation for some continental industries 
The German industry requires oak logs 
with the bark intact for veneer furniture, 
and the United Kingdom’s Forestry 
Commission has stressed that the bark 
poses the greatest dangers of transmission 

As things are, the logs have to arrive 
accompanied by a certificate to show that 
the wood comes from uncontaminated 
areas of the United States The logs can 
then enter the Community only through a 
limited number of ports and cannot then be 
re-exported to another member state 

Further precautions are nevertheless 
being taken The Community’s import 
regime requires that the wood is square- 
edged, has been dried to remove 20 per cent 
of the moisture and 1s subject to heat and 
air treatment In case of doubt, the wood 
can also be ponded or submerged 1n water 
to kil] remaining fungus The problem for 
the furniture industry 1s that such processes 
do the wood no good 

The research programme ıs being 
mounted ın collaboration with American 
and Canadian research institutes (although 
Canada is still unaffected) Five contracts 
are about to be let by the Commission to 
plant research institutes in the United 
Kingdom, Germany and Belgium Details 
of the programme have not been released, 
but one contract will go to the Forestry 
Commission The total cost of the 
programme is estimated at 570,000 
European Units of Account (£0 54 = 1 
EUA) with Europe contributing just over a 
half, the United States 200,000 EUA and 
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Canada 50,000 EUA 

Although oak wilt has been known for 
the past 40 years, work 1s still going on to 
map the afflicted areas Efforts will also be 
devotec to gaining a greater understanding 
of how the disease spreads, present 
evidence suggests that oak wilt would 
spread far more quickly in Europe than in 
North America 

Methods exist to kill the fungus ın the 
wood but the more important challenge 1s 
to find a way of killing the fungus ın the 
living tree 

Problems have arisen in coordinating the 
timing of the research, as the Americans 
are in less of ahurry European research 1s 
also handicapped by the lack of infected 
wood, for obvious reasons Relations 
between Europe and the United States are 
also coloured by the knowledge that 
Europeans were responsible for exporting 
Dutch elm disease to North America in the 
first place Jasper Becker 


Soviet higher education 


Candidates change 


The Soviet system of higher academic 
degrees 1s due for radical overhaul, accord- 
ing to an article in the prestigious 
Literaturnaya Gazeta last week On the eve 
of the Annual General Meeting of the 
Academy of Sciences of the USSR, ıt 
published a major critique of the system 
under which the degree of Doctor of 
Science 1s now normally awarded to mature 
and well-known scientists approaching 
their fiftieth birthdays 

The author of the article, L. Orlov, 1s a 
typical product of the system He heads a 
research laboratory employing 50 
scientists, and has published more than 80 
papers As a senior scientific worker, 
holding the degree of Candidate of 
Science, he earns 300 rubles per month To 
obtain the extra 100 rubles a month which 
go with the title of Doctor of Science, he is 
now having to rework his research results 
into a formal thesis, to be defended in 
exactly the same manner as he defended his 
Candidate’s thesis years ago 

Orlov does not deny that the two-stage 
degree system had its virtues when it was 
originally introduced 50 years ago, when 
the rapid expansion of Soviet science and 
the lack of trained personnel meant that 
young scientists who had not yet completed 
their doctoral research were employed in 
posts which would normally have gone to 
Doctors of Science Under such circum- 
stances, some pre-screening of these 
‘‘doctoral candidates’? was necessary 

Orlov considers the double-examination 
sytem no longer relevant since Soviet 
science and higher education has now 
reached an extremely high standard He 
suggests that the two-stage system 1s 
actively narmfulto science Not only do the 
examiners sometimes let through a young 
scientist whose thesis 1s not entirely 
satisfactory, ‘“‘since it 1s, after all, only a 


Candidate’s thesis’’, but the need to 
produce two such pieces of original 
research in one academic lifetime can 
seriously hamper a scientist’s creativity 
The current Five Year Plan, approved by 
the Party Congress last month, specifically 
calls for flexibility in research and 
development ın order to meet the demands 
of the scientific and technological 
revolution, and for improvements in 
training of scientists and workers in higher 
education A provocative article in a 
leading journal 1s a traditional Soviet way 
of introducing a possible reform to public 
opinion, and 1s usually followed by a 
spirited ‘‘press debate’ Orlov’s proposals 
will probably attract considerable 
sympathy among scientists and academics 
Not only would the adoption of a single 
higher degree eliminate the need to write a 
second thesis, it would also eliminate the 
chagrin arising from the present system, 
which as Orlov notes, gives formal parity 
between a Soviet ‘‘Senior Scientific 
Worker” who at forty plus has gained his 
doctorate after 15 years hard work, and 
some ‘'27~—30-year-old young Doctor of 
Science from East or West Germany”? 
Vera Rich 


Irish research and development 


Marching to Georgia 


Ireland 1s to set up a new contract 
research institution in the hope of 
persuading the 800-odd foreign companies 
based — tax-free — in the country to do 
some research and development there at 
last The new institution, announced last 
week, and to be called the European 
Research Institute of Ireland (ERII), will 
be set up in Limerick with the help of 
America’s Georgia Institute of Technology 
and will offer 50 per cent government 
grants to companies wishing to place 
contracts with it 

Jreland’s Industrial Development 
Authority, which is responsible for the 
arrangements, foresees ERIH as leading 
Ireland into its third stage of industrial 
development The first was purely 
domestic, the second involved the 
establishment of foreign industry, and the 
third will involve research and 
development placing Ireland among the 
modern technical countries The problems 
in reaching that third stage have been first, 
that most Irish researchers travel abroad to 
do their work, to America or Europe, and 
second, that whereas other countries 
offered tax incentives to companies to 
Invest in research and development, 
Ireland could offer none as the firms paid 
no tax anyway 

The new institute 1s seen as the solution 
to these problems, with the grants sub- 
stituting for tax relief, and high salaries to 
attract expatriate researchers back to 
Ireland The Industrial Development 
Authority calculates that it will be paying 
staff at Limerick enough to match the 
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standard of living they might enjoy if they 
were based, say, at the Battelle Institute in 
Frankfurt. 

ERII will start formally on 1 June, when 
two members of the Georgia Institute of 
Technology Engineering Experiment 
Station begin work in Limerick. Initially 
they will be housed in Ireland’s National 
Institute for Higher Education, where 
president Dr Edward Walsh is said to be 
playing an ‘‘aggressive’’ part in forging 
links between university and industry. 
Recruitment is under way for eight 
engineers, scientists and computer special- 
ists, but in three years’ time, when ERII 
will move to its own buildings, it is planned 
that staffing levels should increase to 80. 

To finance ERII, the Industrial Develop- 
ment Authority is paying for the buildings 
(1£1.5 million); and the balance will come 
from such sponsors as Guinness Ireland, 
the Bank of Ireland, Allied Irish Banks and 
the industrial Rohan Group. Nevertheless 
the authority is seeking another [£500,000 
to launch the institute ‘‘effectively’’, and 
would like more companies to contribute 
to the consortium. Robert Walgate 


UK universities 
Jobs to be cut? 


One week after the British government’s 
budget, the University Grants Committee 
has plucked up courage to make some 
guesses On the quantitative implications for 
universities. Dr Edward Parkes, the 
chairman, told the Public Accounts 
Committee of the House of Commons last 
week that to meet an 11 per cent cut in real 
terms in the universities’ grant over the next 
three years, 3,000 academics and 4,000 
other staff would have to lose their jobs. 
Redundancy payments to academics, said 
Dr Parkes, could be somewhere between 
£40,000 and £80,000, although realistic 
figures would not be known until cases had 
been through the courts. The total cost to 
the universities could be £100-—200 million. 

Dr Parkes has since said that in addition 
to 3,000 redundancies, 2,000 jobs would 
have to be lost through natural wastage. He 
estimates that 3,000 academics will leave 
their posts in the next three years, either 
through retirement or to take posts else- 





Bulgarian astronomers look up and abroad 


Bulgaria’s new National Astronomical 
Observatory on Mount Rozhen, opened on 
13 March 1981 by President Todor 
Zhivkov, was several times referred to in 
the inaugural speeches as a ‘‘pre-Congress 
gift to Bulgarian science’’. The term is 
appropriate, for the theses for the forth- 
coming Congress of the Bulgarian 
Communist Party state that in the new 
Five-Year Plan ‘‘primary importance 
should be paid to fundamental research’’. 

This is in sharp contrast to the policies of 
many other East European countries, 
which tend to give first priority to appli- 
cation. According to Kiril Serafimov, head 
of the Bulgarian Committee for Space 
Research and Exploitation, ‘‘we are also a 
European country and understand that 
without fundamental science nothing is 
possible’’. 

Speaking at the opening ceremony, Dr 
Serafimov inevitably referred to Bulgaria’s 
‘*thousand-year-old’”’ interest in 
astronomy — the country is this year 
celebrating its 1,300th anniversary of state- 
hood. The observatory has three telescopes 
and a large data-processing and computer 
unit. The main telescope has a 200-cm 
hyperbolic mirror with a Coude-Richey- 
Cretien focusing system and will be used 
primarily for work on binaries and variable 
stars. The second, a 70-cm Schmidt instru- 
ment (effective diameter 50 cm) with a 4° x 
4° field of view, will be used for pre- 
liminary search and scanning work. The 
smallest, a 60-cm instrument, is especially 
adapted for photoelectric work and bright- 
ness determinations. 

The observatory is the most southerly in 
the socialist bloc (and, according to 
Bulgarian claims, the second largest optical 
observatory in Europe). The Rozhen team 
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expects to cooperate closely with the Soviet 
observatories, especially the Crimean 
Astrophysical Laboratory and the Special 
Astrophysical Observatory in the 
Caucasus, On approximately the same 
latitude. Intra-Comecon cooperation is 
well represented at Rozhen — the research 
programme has been worked out in colla- 
boration with teams from the Soviet 
Union, the German Democratic Republic 
and Poland. (The optical equipment has 
been supplied by Carl Zeiss (Jena).) There 
has also been some French participation in 
drawing up the programme, while the data- 
processing equipment is largely of Western 
origin. Vera Rich 





Mount Rozhen in snow 


where. His current plan allows for 1,000 
vital posts to be refilled. A total loss of 
about 5,000 academic jobs represents just 
under 15 per cent of the academic work- 
force. The percentage of job losses will 
have to be greater than the percentage cut 
in the budget because economies in other 
areas of expenditure are virtually im- 
possible, according to Dr Parkes. 

The Association of University Teachers 
disagrees with that view. It is preparing a 
scheme to avoid large numbers of redun- 
dancies by relying on natural wastage, an 
early retirement option at 50 and spending 
one-third of the equipment grant on staff. 
But the scheme is unlikely to appeal to the 
grants committee which holds that freezing 
all posts would be the worst option. The 
problem is that those departments with the 
highest rate of turnover of staff — 
medicine, science and engineering — 
would suffer most, and in many cases, 
those are the very departments that the 
government would like to see least 
damaged. The committee prefers to maintain 
minimum flexibility in making new 
appointments and create the minimum 
number of redundancies. 

The Science Research Council, which 
provides research grants to individual 
academics, is particularly concerned that 
good research should not disappear. Ever 
optimistic, it says that it may be able to 
support a few outstanding individuals who 
would otherwise have to go. Such support, 
however, is unlikely to be very significant. 

The Committee of Vice-Chancellors and 
Principals has estimated that the grant for 
1983-84 will be £80 million less than that 
for this year and that the loss from overseas 
students’ fees could remove a further £70 
million, a total sum short of conservative 
estimates of redundancy payments. The 
estimated costs may well have come as a 
surprise to the government, which is 
showing signs of reconsidering its plans. Sir 
James Hamilton, Permanent Secretary at 
the Department of Education and Science, 
told the Public Accounts Committee that 
his department was still attempting to work 
out with the University Grants Committee 
how the economies could be achieved. 
Although the budgets for 1981-82 and 
1982-83 are fixed, he said, the figure 
quoted for 1983-84 is still only an estimate, 
Suggesting that there may be room for 
further negotiation. 

Universities, however, are unlikely to 
make up lost income by taking in more 
students. Contrary to the impression given 
in the white paper on public expenditure 
and by Mr Mark Carlisle, Secretary of 
State for Education, Sir James Hamilton 
told the Public Accounts Committee that 
the government will not increase the grant 
to universities that overstep their quota of 
students. The plan is that student numbers 
should remain roughly constant, implying 
greater competition for places as the 
number of eighteen-year-olds in the popu- 
lation continues to increase over the next 
few years. Judy Redfearn 


1981 Macmillan Journals Lid 


286 






: + + + 
Toxicity testing 
Sık — The dramatic fall in Fisons’ shares as a 
result of the withdrawal of Proxicromil 
emphasizes the high risks involved in drug 
development (Nature 12 March, p.81). Drug 
development programmes depend on animal 
tests for assessing long and short term toxic 
effects which are notoriously unreliable and 
expensive. 

The effects of drugs on animals cannot be 
assumed to be the same in humans, 
irrespective of whether results indicate that a 
drug is ‘‘safe’’ or “‘harmful’’. Legislators 
should accept this fact and release 
toxicologists from the present ‘‘check-list’’ 
testing system which has replaced scientific 
initiative with standard tests of dubious 
relevance which are carried out on ever 
increasing numbers of animals. 

On scientific, economic and humanitarian 

rounds current toxicity testing protocols 
should be refined to ensure the most efficient 
use of animals and to incorporate valid non- 
animal screening tests wherever possible. 
LESLEY SARGEANT 

Fund for the Replacement of Animals in 

Medical Experiments, 

London, UK 


Inherited tolerance? 


Sir — I would like to suggest a more 
straightforward explanation of the fascinating 
findings of Gorczynski and Steele! than the 
one they have opted for. There is a strong 
possibility that mouse semen contains some 
cells other than sperm -— lymphocytes, for 
example. In the mouse, semen is ejaculated 
intra-cervically, rather than intra-vaginally as 
in humans. Thus any non-sperm cells will be 
directly introduced into the uterus in the 
mouse. Not much is known about the fate of 
such cells although it appears that sperm are 
rapidly removed by phagocytosis. The 
pregnant uterus, however, is to some extent 
tolerant of foreign cells. Short and 
Yoshinaga?, Wilson? and Lions4 have 
described experiments which show that 
heterologous tumour cells can persist for 
several days in the rat uterus and that these 
can enter the mucosa only at the time of 
implantation in pregnancy. Thus the 
endometrium becomes receptive to foreign 
celis at the time of implantation, and so non- 
sperm cells present in semen could presumably 
become established in the endometrium and 
might then enter the embryo after 
implantation. 

If we then suppose that tolerance involves 
clones of cells in a manner analogous to 
immunity and that some of the non-sperm 
cells are competent for the transmission of the 
tolerant state, the embryo might be rendered 
tolerant to the same antigens as the father. 
Moreover, if the chances of such an invasion 
of the embryo were less than 100 per cent, 
tolerance of a particular antigen would be 
found in only a proportion of the embryos and 
some would be tolerant to both of two 
antigens whilst others would be tolerant only 
to one. Since the postulated cells conferring 
tolerance are differentiated they would play no 
part in embryogenesis but would be carried 
and perhaps multiplied in the embryo. In 
subsequent generations, the chances of 
transmission of the cells would be finite and 


the incidence of tolerance to specific antigens 
would decline. In the mothers, the return to 
the non-pregnant state after parturition 
would, presumably, involve the rejection of 
any foreign clones of cells in her tissues. Thus, 
subsequent matings to non-‘‘tolerized’’ fathers 
would not result in the transmission of 
previous tolerant states. 

In this way, the essential aspects of the 
Gorczynski and Steele experiments might be 
explained along rather less controversial lines 
than at present. At the very least, the 
possibilities raised here must be eliminated 
before we venture to compromise the doctrine 
of Weismann and begin resurrecting the long 
dead Lamarck. 


Department of Genetics, K.W. JONES 


University of Edinburgh, 
Edinburgh, UK 
tL Gorezynski, R.M. & Steele, E.J, Nature 289, 678-681 
(1981). 
2, Short, R.Y. & Yoshinaga, K. J. Reprod. Fert. 14, 287 
(1967), 
3. Wilson, LB. Proc. cool. Soc. Lend. 444, 137 (1963). 
4. Lions, J. thesis, Univ. Cambridge (1970). 
5. I thank Johnathan Aitken for discussion of these ideas 
and far the references cited. 


Exhibit dismay 


Six — I have been following with great interest 
and some dismay the extended correspondence 
in Nature about the nature and significance of 
new exhibits in the British Museum (Natural 
History). | wish to comment on recent letters 
from three colleagues and fellow-countrymen 
of mine’~3, one British colleague? and one 
French colleague’. 

McKenna! and Nelson * speak out against 
Halstead and in favour of cladistic or 
Hennigian systematics, to which a 
considerable part of the new dinosaur exhibit 
is devoted. Both McKenna and Nelson are 
now at the American Museum of Natural 
History, with which I was associated for many 
years. They belong to a small group now there 
which is representative neither of the staff of 
the museum as a whole nor of the majority of 
American palaeontologists, who, like me, 
reject Hennigian procedures. 

Gould? is at the Museum of Comparative 
Zoology, with which I was also associated for 
some time. He proclaims that he is not a 
cladist and ‘‘did not care for” the cladistic 
exhibits at Cromwell Road. He also claims 
that his theory of punctuated equilibrium is 
not a Marxist plot and notes that the co- 
author of the theory, Eldredge, is not a 
Marxist. I do not wish to discuss Marxism in 
this connection, but I do note that the 
punctuated equilibrium of Eldredge and 
Gould is only one facet, taken to an extreme, 
long since incorporated in the synthetic or if you 
like, neo-Darwinian, theory of evolution. 

Howgate* named me as being ‘by no means 
averse to the idea of leaps,” that is, to 
saltatory evolution. He quotes as evidence a 
statement by me in a book published in 1949 
(not 1976 as he has it) that rates of evolution 
in the horse family varied considerably. I did 
not state or imply that the rates were ever 
saltatory, that is, instantaneous. 

Janvier>, of the Laboratoire de 
Paléontologie des Vertebrés of the University 
of Paris claims that cladism is ‘‘directly 
descended from Darwin's ideas on phylogeny 
and systematics.’’ In context this implies that 
Darwin was a saltationist, which is not true. 
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He also notes that some French scientists 
(Grassé as an example) are anti-Darwinian. In 
fact French biologists, with the exception of a 
few radicals, have always been anti- 
Darwinian, at times for no clear reason other 
than chauvinism. 


G.G. SIMPSON 
Department of Geosciences, 
University of Arizona, Tucson, USA 


. McKenna, M.C. Nature 289, 626 (1981). 
. Nelson, G, Nature 289, 627 (1981). 

. Gould, S.J. Nature 289, 742 (1981). 

. Howgate, M. Nature 289, 344 (1981). 

. Janvier, P. Nature 289, 626 (1981). 


Evolving theory 


Sir — The letter from H.W. Ball and 21 
colleagues (Nature 12 March, p.82) contains 
the following astounding statement: ‘‘But the 
theory of evolution would be abandoned 
tomorrow if a better theory appeared’’. 

The lapse of time between the appearance of 
a “better theory” and the abandonment of its 
predecessor can be established with fair 
accuracy in many topics of science. The 
history of science provides a large number of 
such events. Accordingly, the lapse of time 
between the appearance of the new and the 
relinquishing of the old might be regarded as 
one of the many facts of science. Your 22 
correspondents, apparently seriously, estimate 
the magnitude of this lapse of time as one day. 
One day! They declare their devotion to fact 
and their abhorrence of prejudice. Are their 
other facts of a similar colour I wonder, or 
does evolution evolve more rapidly than any 
other field of science? 


ies hie ak p et 


R.V. HESKETH 
Berkeley Nuclear Laboratories, 
Berkeley, Glos., UK 


Sir — Bertolt Brecht put these words into the 
mouth of Galileo!: 
“And what we discover today we shall 
wipe off the slate tomorrow and only write 
it up again once we have again discovered 
it. And whatever we wish to find we shall 
regard, once found, with particular 
mistrust. So we shall approach the 
observation of the sun with an irrevocable 
determination to establish that the earth 
does not move. Only when we have failed, 
have been utterly and hopelessly beaten 
and are licking our wounds in the 
profoundest depression, shall we start to 
ask if we weren’t right after all, and the 
earth does go round.” 
As far as evolution is concerned, I think most 
biologists would agree that ‘‘the earth does go 
round’’, there being no better way of 
accounting for the facts af present. So how are 
we to understand the over-cautious round 
robin from the British Museum? There is a 
world of difference between ‘‘If the theory of 
evolution is correct. . ."’, and "©. . . evolution 
is a fact, proven to the limits of scientific 
rigour.” Most of us, like yourself, would wish 
to be more positive than the first but less 
dogmatic than the second. In these days of 
proliferating crazies, the British Museum 
should not risk giving them more ammunition. 
P.L. MILLER 
Queen’s College, Oxford, UK 


1. Brecht, B. Life of Galileo (translated by J. Willett) (eds 
Willett, J. & Manheim, R.) (The Collected Plays Vols, 
pt}, Eyre Methuen, Landon, 1980}. 
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AND VIEWS 


Genes pieced together — exons delineate 
homologous structures of diverged lysozymes 


from Peter J. Artymiuk, Colin C.F. Blake and Albrecht E. Sippel 


GILBERT! has proposed that the 
arrangement of eukaryotic genes in a 
mosaic of introns and exons might 
facilitate the evolution of new proteins. He 
suggests, for example, that if exons 
correspond to functions, recombinations 
within introns could put together new 
proteins with new combinations of 
functions. Blake’ has pointed out that if 
exons also correspond to folded protein 
structures the new protein is more likely to 
achieve structural stability by being a 
combination of folded sub-structures. 

If these ideas are correct, we would 
expect to discover in different proteins 
folded units of common structure and 
function, derived from common exons, 
combined with units of different structure 
and function. Examples may already be to 
hand in the dehydrogenases, and in triose 
phosphate isomerase, pyruvate kinase* and 
KDPG-aldolase’, but in the absence of the 
details of their exon/intron patterns this 
cannot be confirmed. The definition of 
four exonic regions in the hen lysozyme 
molecule® allows a comparison of these 
regions with the regions of structural and 
functional homology in T4 phage 
lysozyme’®.!°, This comparison is, 
intriguingly, consistent with the 
hypotheses of Blake and Gilbert, although 
as an isolated first attempt it cannot be 
adduced as proof. 

Determination’ of the structure of T4 
phage lysozyme did not at first suggest that 
there was a close resemblance to hen egg- 
white lysozyme. Rossmann and Argos’ 
later showed that substantial portions of 


| A schematic diagram showing the relation 
between hen egg lysozyme and T4 phage 
lysozyme. The solid bars in the centre show 

the residues which are considered 
equivalent by Rossmann and Argos’. The 
rectangles marked a and a’ define the 
--&0-residue segments aligned by Remington 
and Matthews’, The lower rectangles and 
arrows mark the exonic transcript regions 

defined by Jung ef al. ©. 
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the molecules were structurally similar. A 
number of small deletions in one molecule 
(or insertions in the other} made residues 
1-73 of T4 lysozyme overlap with residues 
25-101 of hen egg-white lysozyme. Two 
large insertions in the T4 chain brought out 
homologies in residues 100--105 and 
150-163 of T4 with residues 104-109 and 
113-126 of hen. The structural equivalence 
is shown schematically in the figure. In all, 
78 a-carbons were shown to be equivalent 
with a r.m.s. difference of 4.1A. Using 


somewhat different techniques that do not 


allow insertions or deletions in the chains, 
Remington and Matthews? confirmed the 
similarity and showed that residues 27—109 
could be made to overlap with residues 
1~80 of T4 lysozyme with a r.m.s. 
a-carbon difference of 6.0A. It is 
important to note that the structurally 
equivalent regions correspond to, at most, 
two-thirds of the hen lysozyme molecule 
and less than half the T4 lysozyme 
molecule, and for each lysozyme large 
contiguous regions of chain have no 
equivalent in the other molecule. 
Rossmann and Argos’ noted that the 
equivalent regions encompass the active 
site regions of each of the molecules and 
showed that the binding sites for an 
N-acetylglucosamine monomer were only 
0.8A apart in the two enzymes. Recently 
Matthews and his colleagues (see this issue 
of Nature p.334) have extended this 


P.J. Artymiuk and C.C.F. Blake are in the 
Laboratory of Molecular Biophysics, 
University of Oxford and A. E. Sippel is in the 
Institute of Genetics, University of Cologne. 
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positional similarity to a bound tri-A- 
acetyiglucosamine moiety, and to Glu li 
and Asp 20 of T4 lysozyme with the 
catalytic Glu 35 and Asp 52 of hen 
lysozyme!!. Furthermore, they suggest 
that sugar C is bound in a similar mode in 
the two enzymes and that sugar D is 
distorted in T4 lysozyme by a close 


_ approach of its 6-hydroxyl to protein 


groups similarly positioned with respect to 
the binding groups of sugar C, as in hen 
lysozyme!!. These observations imply that 
the structural similarity is accompanied by 
a similarity in substrate binding and 
catalytic mechanism. Although each 
separate piece of evidence is 
circumstantial, their combination argues 
strongly for an evolutionary relationship, 
or more unlikely, an extreme case of 
convergence in structure and function 
between the two lysozymes. | 
Sippel and his colleagues® have recently 
determined the exon pattern in the hen 
lysozyme gene. They have found that the 
gene contains four exons, corresponding to — 
residues -18 to 28 (the signal peptide.of 
prelysozyme and residues 1-28 of mature 
lysozyme), 28~-81/82, 81782-108 and 
108-129. They note that although the exon. 
pattern is related to some degree to the 
structural division of the hen lysozyme 
molecule, its relation to the functional 
units of the enzyme is better established. 
For example, exon 2, which codes for 
residues 28--81/82, includes the catalytic 
residues and a cluster of amino acids that 
bind sugars C, D, E and F of the 
oligosaccharide substrate and could 
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residues 81/82—108, corresponds to a 
protein fragment that, combined with the 
exon 2 product, could give additional 
substrate specificity, determine the 
cleavage frame for the alternating NAG- 
NAM chain and increase the catalytic 
efficiency of the active centre. Exons | and 
4, on the other hand, code for protein 
fragments that are not directly involved in 
the catalytic function, but may increase the 
stability of the hen lysozyme molecule 
and/or carry some as yet unknown 
biological functions of the enzyme. 

The regions of structural homology in 
T4 and hen lysozyme described by 
Rossmann’ and Matthews® can now be 
compared with the exon pattern of hen 
lysozyme defined by Sippel® (see the 
figure). First, it is clear that residues 1 to 24 
or 26 (depending on the comparison) of 
hen lysozyme, corresponding closely to 
exon | (residues 1-28), have no 
counterpart in the T4 lysozyme molecule; 
that is, in T4 lysozyme exon 1 is absent. 
Second, the principal region of overlap 
between the two lysozymes corresponds 
closely to the combination of exons 2 and 3 
(residues 28-108). In Rossmann’s analysis 
this region corresponds to residues 25-101 
of hen lysozyme and residues 1-73 of T4 
lysozyme, while Matthews’ analysis*® 
slightly extends and alters the overlap to 
include residues 27-109 of hen lysozyme 
and residues 1-80 of T4 lysozyme. 
Rossmann’s analysis’ also lines up residues 
104-109 of hen lysozyme with residues 
100-105 of T4 lysozyme, but this requires a 
25-residue insert in the T4 sequence to 
incorporate it in the major overlap. 
Accepting some ambiguity with regard to 
residues 102-109 of hen lysozyme, the 
correspondence to the combination of 
exons 2 and 3 is close. If Rossmann’s 
analysis’ is restricted to these two exons, 
the overlap reduces the r.m.s. a-carbon 
difference from 4.1A to 3.2A. Finally, 
correspondence to exon 4 (residues 
108-129) of hen lysozyme seems less clear- 
cut than for exons 1-3. Matthews® does 
not match it with any part of the T4 
lysozyme. Rossmann and Argos’ overlap 
residues 113-126 of hen lysozyme with 
residues 150-163 of T4 lysozyme but witha 
rather high r.m.s. a-carbon difference of 
6.2A. In these circumstances it is difficult 
to tell whether there is or is not a region of 
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In conclusion, with the ec oi of 
exon 4, the agreement between the exons of 
hen lysozyme and the structural homology 
with T4 lysozyme is very close. Exon ł is 





absent from the T4 molecule and the 


principal region of overlap corresponds to 
exons 2 and 3. In view of Sippel’s 
conclusion® that exon 2 could represent a 
primitive glycosidase minigene on which 
substrate specificity was conferred by the 
product of exon 3, it is tempting to see 
exons 2 and 3 as the functional nucleus of 
the lysozyme molecule. The presence of 
these two regions in T4 lysozyme could 
account for the similarity in substrate 
binding and catalytic mechanism suggested 
by Matthews!®. In addition, the absence of 
exon 1, and the possible absence of exon 4, 
are not unreasonable if, as Sippel suggests, 
they play a role in the stability, rather than 
catalytic function, of the hen sysozyme 
molecule. Their stabilizing influence may 
be taken over in the T4 lysozyme molecule 
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molecule “indeed. SMatiiews!®: suggests 
that this C-terminal region of T4 lysozyme 
has a function in binding the cross-linked 
peptide of E. coli cell walls, which is not 
necessary for hen lysozyme. 

Although this analysis must be regarded 
as provisional until other proteins can be 
examined from a similar point of view, this 
comparison of T4 and-hen lysozyme is fully 
consistent with the view that 
recombination within introns can 
rearrange functional exonic regions into 
new patterns in new protein products. 
What is most encouraging is the promise 
that protein structural analysis can help us 
identify and predict exons in genes and 
trace evolutionary events at the level of 
DNA, and conversely that sequence 
analysis of gene DNA can help us to 
understand the structure, function and 
evolution of the final protein product. L 





We are grateful to Professor B. W. Matthews for letting us see 
his manuscript before publication. 


Waves, turbulence, solar 
convection and ozone 


from Michael McIntyre 


THE Earth’s atmosphere and oceans are 
increasingly being used as an outdoor 
laboratory, not only providing 
information about the behaviour of our 
environment but also insight into certain 
difficult, unsolved problems in fluid 
dynamics. These involve wave-like and 
turbulent fluid motions at huge Reynolds 
numbers which are inaccessible to both 
indoor laboratory experiment and 
simulation on the world’s largest 
computers. 

Empirical information is specially 
important for the ill understood problem 
of turbulent motion, and one paper given 
at a recent conference* was of unusual 
interest in this respect. J.J. Finnigan 
(CSIRO, Canberra). and F. Einaudi 
(Georgia Institute of Technology, Atlanta) 
have produced what may be the first really 
detailed information about how an internal 
gravity wave interacts with pre-existing 
turbulence. In the case they analysed the 
wave was nearly monochromatic, and by 
good fortune had propagated past the 300 
m tower and ground-level microbarograph 
array at the Boulder Atmospheric 
Observatory, Colorado at a time when a 
large volume of data was being taken. 
Turbulent and wave-induced fluctuations 
could be separated cleanly, revealing how 


*The American Meteorological Society’s third conference on 
‘Aunospheric and Oceanic Waves and Stability’ was held at San 
Diego from 19 to 23 January, concurrently with AMS meetings 
on the ‘Upper Aimosphere’, ‘Climate Variations’ and the 
‘Economic and Social Value of Weather and Climate 
information’. 


the turbulent Reynolds stresses varied with 
the wave motion. To a first approximation 
the turbulence behaved quasi-elastically, 
indicating that rapid-distortion turbulence 
theory should apply. The observed 
behaviour is quite different from what 
would have been expected from ‘eddy 
viscosity’ or ‘mixing length’ ideas. It is 
encouraging to see further direct evidence 


for the use of rapid-distortion theory, 


which is complete and rational within its 
limits of applicability. Other recent lines of 
evidence come from the work of J.C.R. 
Hunt and his collaborators at Cambridge 
on turbulent flow over hills and around 
buildings, for which rapid-distortion 
theory is proving to be more useful than 
previously supposed, and from an estimate 
by D.O. Gough (Institute of Astronomy, 
University of Cambridge) using recent 
observations of the solar ‘five-minute’ 
oscillations, showing clearly that they must 
interact with the Sun’s turbulent 
convection zone in a similar way. 

As suggested some years ago by A.A. 
Townsend, the same ideas seem likely to be 
importan: also for understanding the 
generation of ocean waves by wind. Other 
aspects of that celebrated and still unsolved 
problem were illuminated by E. Mollo- 
Christensen (MIT) and A. Ramamonjia- 





Michael Mcintyre is in the Department of 
Applied Mathematics and Theoretical Physics 
at the University of Cambridge. 
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risoa (University of Aix-Marseille), who 
presented new laboratory evidence of 
strongly nonlinear coupling between the air 
flow and modulational instabilities of the 
waves. More light was thrown on the 
instabilities themselves by a remarkable 
series of photographs and measurements 
by Y.-M. Su and A.W. Green (NORDA, 
NSTL Station, Mississippi) showing a 
succession of instabilities in a train of 
moderately steep, monochromatic waves. 
The waves were generated by a wavemaker 
about !6m long in an outdoor basin 
100 x 340m. A small-scale, essentially 
three-dimensional instability, very regular 
in form but as yet unexplained 
« theoretically, was prominent. Its nonlinear 
* evolution appeared to culminate in 
. 2? scattering of some of the wave energy in a 
` “© direction about 30° away from that of the 
r g Primary wavetrain, a phenomenon hardly 
æ ” likely to have been identified in a narrow 
laboratory tank. 

Most of our knowledge about the large- 
scale, low-frequency oscillations known as 
Rossby waves comes from observations of 
the atmosphere and ocean, where in 
practice the waves often have large 
amplitudes and occupy the no-man’s land 
between ‘waves’ and ‘turbulence’. 
Experimental possibilities are severely 
restricted not only by small dimensions but 
also by the constancy of gravity in the 
laboratory. Rossby waves can be expected 
to occur also in the stably stratified 
interiors of rotating stars. Y. Q. Kang and 
L. Magaard (University of Hawaii) 
produced what appeared to be the clearest 
example yet observed of mid-latitude, 
oceanic Rossby waves, in a ‘baroclinic’ 
mode unobtainable in the laboratory. The 
wavelength was about 300 km and the 
waves had a phase velocity towards the 
north—west and group velocity towards the 
south-west with magnitudes of the order 
of a centimetre per second. A point of 
special interest was that the waves had 
extremely large amplitudes, as measured by 
the ratio of a typical particle velocity to a 
typical phase velocity — well in excess of 
the kind of amplitudes at which most waves 
in fluids become very strongly dissipative. 

Rossby waves in the atmosphere, too, 
were a topic of renewed interest. A number 
of papers were on theoretical models 
related to the recent work of J.G. Charney 
(MIT) and his collaborators, in which 
global-scale, topographically generated 
Rossby waves are allowed to interact with 
an azimuthal mean flow driven by a 
constant forcing. This simple interaction 
seems capable of explaining the observed 
tendency of the atmospheric circulation to 
flip between quasi-stable states, with large 
cand small amplitudes in those wave 
components which are phase locked to the 
topography. The large-amplitude states are 
associated with ‘blocking’ patterns and 
persistent spells of anomalous weather. In 
winter the same Rossby waves can 
penetrate the stratosphere, where under 
the right conditions they trigger ‘sudden 
0028-08367 81/130289-02501.00. 
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warmings’ — sporadic but spectacular 
upheavals in the state of the polar 
stratosphere in which dynamically induced 
subsidence of air over the polar cap causes 
large, adiabatic temperature rises. 
Whether or not a sudden warming occurs is 
sensitively dependent on conditions in the 
Stratosphere itself, as well as in the 
troposphere. At the concurrent meeting on 
the ‘Upper Atmosphere’ there were signs 
that our understanding of the conditions 
favouring sudden warmings may be about 
to improve significantly. Recent progress 
in the dynamical theory, together with the 
uniform global coverage offered by 
infrared satellite observations, have led to 
better ways of analysing the observations 
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and more illuminating comparisons with 
computer simulations. Some real clues are 
emerging as to how and why the behaviour 
of the stratosphere differs from that of the 
computer simulations, and we can await 
the results of current modelling efforts with 
considerable interest. The sudden warming 
is a large-scale dynamical experiment 
which nature kindly performs from time to 
time. It is one of the crucial tests of our 
ability to simulate the large-scale dynamics: 
of the stratosphere. The dynamics, in turn, 

are one of the necessary ingredients in 

attempts to understand the stratospheric 
circulation in general, and to predict the 
effects of pollution on the ozone layer in 

particular. O 


Climatic variation in San Diego 


from M.J. Salinger and C.B. Sear 


DURING anomalously warm and dry 
weather in San Diego in January, 


climatologists met to discuss climatic 


variations. Much of the meeting* centred 
on the implications for global climate of 
the likely increase in atmospheric CO, con- 
centration during the next few decades, but 
other topics, including recent climatic 
change and palaeoclimatic studies, were 
also discussed and will be highlighted here. 

A new Southern Hemisphere data set, 


covering 1972 to 1979, has recently become 


available from the Australian Bureau of 
Meteorology and several aspects of the 
circulation down under were discussed, 
using these data. M.L. Blackmon and T.J. 
Phillips (National Center for Atmospheric 
Research (NCAR), Boulder, Colorado) 
examined the 1,000 mbar height data and 
showed that, between 1972 and 1979, there 
was a band of high variance between 40° 
and 60°S from south of Africa to New 
Zealand. Together with the results of K.E. 
Trenberth' which show a similar band of 
maximum variance in mid-tropospheric 
data at 500 mbar, these investigations 
suggest that the circulation of the Southern 
Hemisphere consists essentially of one 
major storm track. Corroborative evidence 
also came from J.C. Rogers (Ohio State 
University) who used Eigenvector analyses 
to show that negative correlations exist 
between high and middle latitudes in the 
same longitudinal band during the 
Southern Hemisphere summer. These 
results suggest that, when the westerlies in 
one sector of the hemisphere are strong, 
they are also strong in other sectors. 

Chiu and Newell (MIT) described similar 
analyses for the Northern Hemisphere 
using upper air data for the period 1959-79 
and concluded that the non-seasonal low- 
level changes during this period were 
dominated by the ‘Greenland see-saw’ 


semana 


*The firs AMS conference on ‘Climate Variations’. See 
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which has been described previously, 
notably by H. van Loon and J. Williams?. 
The see-saw operates when surface 
variables, pressure and temperature, in the 


_region of southern Greenland and northern 


Scandinavia are negatively correlated. At 
higher levels (200 mbar) Chiu and Newell 
found that a persistent pattern, centred 
over Greenland, dominated. They 
suggested that this could be related to the 
Southern Oscillation which is a quasi- 
periodic four to six-year climate oscillation 
centred over the Pacific and linked to such 
important phenomena as El Nino. | 

First described as early as 1936 by 
Walker and Bliss, the Southern Oscillation 
is receiving a lot of attention because it is 
one of the best defined quasi-regular 
climatic events. Although primarily a 
tropical Pacific phenomenon, it has often 
been proposed as an important controlling 
mechanism for variations over much of the 
globe. Indeed, the studies described in San 
Diego confirmed old and elucidated new 
‘teleconnections’ between the tropical 
Pacific and higher latitudes in both 
hemispheres. K.E. Trenberth and D.A. 
Paolino (University of Illinois) reported 
the variability of the Northern Hemisphere 
surface circulation showing connections 
with the Southern Oscillation. They used 
data from the period 1925-77 and 
Empirical Orthogonal Function (EOF) 
analyses to show that the dominant pattern 
in all seasons was one associated with 
anomalies centred on the Aleutian and 
Icelandic low-pressure areas. The time 
series of this pattern have significant 
periodicities at about six years which, they 
speculate, are associated with the Southern 
Oscillation. 

Of the researchers who discussed 
synoptic analyses, only D.J. Shea (NCAR) 
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presented results from global data using 
EOF analyses. His sensitivity studies 
suggested that the first three EOFs of 
temperature were stable but that none of 
the EOFs of precipitation is so, implying a 
very high degree of randomness in spatial 
patterns of precipitation. This is an 
important consideration, particularly for 
those who are searching for a CO,-induced 
climatic change and are finding analogues 
from within the recent period. 

~ Seemingly far removed from such 
studies were those using palaeoclimatic 
data to investigate long-term climatic 
change. Studies of deep-sea cores have 
provided considerable insight into climatic 
variations on such time scales. W.C. Prell 
(Brown University) concluded from exam- 
ination of foraminifera assemblages from 
the western Arabian Sea that a distinctive 
assemblage occurs when the summer 
monsoon causes intense upwelling. The 
sediments provide a record of monsoonal 
upwelling variations over the past 150 
thousand years which suggests that the 
monsoon was more intense from about 
8,000 to 10,000 years ago — a time of 
increased precipitation in Africa and 
Arabia?. The more intense monsoon 
coincides with the dates of maximum 
Holocene warming reported in Australia 
and New Zealand. There is now mounting 
evidence that the most pluvial and warmest 
periods of the past 15,000 years did not 
occur simultaneously throughout the globe 
and this should be borne in mind by those 
attempting to produce analogues for a 
warmer, high-CO, world using data from 
the Holocene. 

A model of oceanic moisture feedback to 
ice sheets in the Northern Hemisphere was 
advanced by W.L. Ruddiman and A. 
McIntyre (Lamont-Doherty Geological 
Observatory, Columbia University; see 
ref.4). They have found evidence from a 
core in the central North Atlantic that, for 
the past 250 thousand years, North 
Atlantic moisture feedback has amplified 
Milankovitch forcing, defined in summer 
insolation, from the 23,000-year proces- 
sional cycle, and have postulated a 
feedback mechanism in which orbitally 
controlled changes in summer insolation 
over the North American ice regulate 
meltwater/iceberg outflow to the North 
Atlantic. The feedback is such that when 
summer insolation is high, ice rafting into 
the ocean causes the formation of a low- 
salinity layer at the surface. This in turn 
restricts moisture transport to the ice sheet. 
The opposite happens when insolation is 
low. Accelerated shrinkage or growth 
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occur accordingly and positive feedback 
results. 

Among the many modelling studies 
discussed were some concerned with 
palaeoclimatic circulation. A low-order 
general circulation model (GCM) of the 
Earth’s atmosphere, developed by B.L. 
Otto-Blieseer (University of Wisconsin- 
Madison), was used by J.E. Kutzbach (at 
the same institution) and T. Webb III 
(Brown University) to simulate the climate 
18,000 years ago. The rationale behind the 
use of a low-resolution model was that 
palaeoclimatic data have similar 
resolution. If the model is successful, then 
both modern data and data from 18,000 BP 
can be used to simulate climate in the 
intervening epochs. Their simulation of the 
climate of 18,000 Bp had an enhanced 
westerly gradient across the US with the 
strongest flow just south of the ice sheet, in 
agreement with earlier GCM results°. 


S.L. Thompson, E.J. Barron and S.H. 


Schneider (NCAR) reported energy 
balance modelling studies, based on the 
work of Barron et al.6, which investigated 
the causes of the ice-free mid-Cretaceous 
climate. Their results suggest that changes 
in zonal palaeogeography (continental 
drift) are an important forcing mechanism 
for climate change but that meridional 
temperature distribution cannot be 
simulated successfully without additional 
feedback assumptions. Their model 
included albedo and cloud feedbacks and 
meridional heat transport changes but 
could still not model the Cretaceous 
temperature distribution. Thompson and 
his colleagues speculated that to attain 
Cretaceous levels of warming, the Earth 
could require additional external forcing 
from the Sun. Although indirect, this is one 
of the first quantitative investigations 
implicating solar constant changes as 
causes of climatic change on the time scale 
of hundreds of millions of years. 

Few new results were presented on the 
recurrent theme of carbon dioxide, but 
modellers of a CO,-warmer Earth did not 
get away from San Diego without 
warnings, notably from S.H. Schneider 
and S.L. Thompson that a CO,-warmer 
Earth has so far been modelled using an in- 
stantaneous increase in CO, concen- 
tration, whereas, of course, in the real 
world the concentration increase occurs 
very slowly’. Thompson and Schneider 
suggest that the thermal inertia of the upper 
ocean, together with vertical mixing of the 
deep ocean waters, could delay the 
response of the globally averaged surface 
temperature to increasing CO, by a decade 
or so relative to equilibrium calculations. 
They suggest further that the evolution of 
surface climate anomalies, as CO, 
increases, may be significantly different 
from that suggested by equilibrium 
modelling results. They stress that the 
nature of this transient response is a major 
uncertainty in present CO,—climate change 
studies and that further research into this 


topic is urgently required. C 


The return 
of Halley 
from David W. Hughes — 


HALLEY’S comet was last seen at the end of 
May 1911 when it was at about Jupiter's 
distance from the Sun and heading out into 
the Solar System beyond the orbit of 
Neptune. Aphelion was reached in 1948. 
The comet has been on its way back ever 
since. 

The search for Comet Halley began, 
rather optimistically, in November 1977 
when observers at two of the United States’ 
largest telescopes unsuccessfully attempted 
to recover it more than eight years before 
the predicted perihelion passage date of 9 
February 1986. The comet’s estimated 
magnitude was fainter than 26 at that time. 

The early recovery of the comet is of 
considerable importance as this would 
enable a valuable check to be made on the 
predicted orbital parameters. Comets are 
much affected by the gravitational 
perturbations induced by the major 
planets. In the case of Halley this causes a 
slow variation in the period, between 
extreme values of about 76.1 yrand 79.4 yr, 
and a continuous increase in the longitude 
of the nodes. Spacecraft missions, like the 
planned Giotto Comet Halley flyby, 
require an accurate knowledge of the 
comet orbit to enable the spacecraft to fly 
as close to the comet as possible. At the last 
apparition the comet was recovered by 
Max Wolf using a 1 hour photographic 
exposure with the 72 cm Heidelberg 
reflecting telescope. The comet appeared 
as a small fuzzy image of magnitude 16. It 
was 3.4 au from the Sun, in the outer 
regions of the Asteroid belt and 7.5 months 
from perihelion passage. At the present 
time the comet is 14 Au from the Sun and 
has an estimated magnitude of 24.7. (A 
change of 1 in magnitude is equivalent toa 
brightness ratio of about 2.5, soa comet of 
magnitude 16 is 3,000 times brighter than a 
comet of magnitude 24.7.) 

The estimated path of Comet Halley is 
shown in the accompanying figure. Data 
for this figure have been extracted from 
The Comet Halley Handbook: an 
Observer’s Guide which has been produced 
for the International Halley Watch by 
Donald K. Yeomans of the Jet Propulsion 
Laboratory, Pasadena, California (JPL 
publication 400-91 1/81). The comet is 
near the boundary of the constellations 
Canis Minor and Monoceros. The fact that 
the Milky Way acts as a backdrop 
obviously makes the search more difficult. 
The loopy path of the comet against the sky 
background is caused mainly by the 
movement of the observer. The comet is 
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The predicted path of Halley’s comet for the 
next two years. The comet is mainly in the 
constellations Canis Minor and Monoceros. a, 
b, c; d, e and f represent its positions during 
| January 1981, April 1981, October 1981, April 
1982, October 1982 and April 1983 respectively. 
In January 1981 the comet had an estimated 
nuclear magnitude of + 24.8 and this brightens 
steadily to about + 22.5 in April 1983. 





seen at maximum right ascension in 
October and at minimum right ascension in 
April. In this time interval the Earth has 
moved about 300,000,000 km, from one 
side of its orbit to the other. As the comet 
approaches the Sun the size of the loop 
increases. The most favourable time of the 
year for recovery will be when it has its 
maximum rate of angular movement 
against the sky background and can thus be 
more easily distinguished from a star. This 
occurs during the horizontal portions of 
the curve in the figure, at times roughly 
corresponding to winter and summer. 

The fame of Halley’s comet is not due to 
its brightness. Indeed, many of the 
accounts we hear from parents and grand- 
parents of the appearance of the comet in 
1910 do not refer to Halley at all but to the 
Daylight Comet, 19101, also known as the 
Great January Comet. Unfortunately, the 
forthcoming apparition will be unfavour- 
able. Many of the waiting public will be 
disappointed as the comet will not be 
obvious to the naked eye. When Halley is at 
its most active it will be on the opposite side 
of the Sun to Earth and its maximum 
magnitude will be only about 2.9, about 2.5 
times fainter than Polaris, the pole star. 

Yeomans reviews the observing 
prospects and provides a series of charts 
showing the elevation, azimuth and 
magnitude of the comet in the morning and 
evening sky for latitudes 40°N, 30°N, 
20°N, 20°S and 30°S. Two things are only 
too clear. Southern Hemisphere observers 
are better placed than Northern 
Hemisphere ones and people living at 
latitudes above 50°N are going to have 
considerable problems. It will be worth the 
effort though. One thing is certain, the 
similarity between our ‘three score years 
and ten’ and Halley’s orbital period makes 
this a once in a lifetime experience for the 


large majority of us. Cj 
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Hybrid myosins 


from Dixie W. Frederiksen 


A recent paper by Sellers, Chantler, and 
Szent-Gyorgyi! of Brandeis University has 
provided important new insight into the 
control of contraction in molluscan muscle 
and into the properties of myosins from a 
wide variety of species and cell types. It is 
the interaction of actin with myosin that 
brings about activation of the myosin Mg- 
ATPase and the production of mechanical 
work for contraction or cell motility?. The 
intracellular concentration of free calcium 
controls this interaction by mechanisms 
which differ in different systems. 

In vertebrate striated muscle the primary 
effect of calcium is on troponin, a protein 
bound to actin and to tropomyosin on the 
thin filament of the sarcomere’. Confor- 
mational changes induced by calcium lead 
to a removal of inhibition of the actin- 
myosin interaction. In the striated muscles 
of molluscs and some other invertebrates, 
calcium acts directly on myosin in the thick 
filament to induce conformational changes 
that allow myosin to bind to actin*. In 
smooth muscle the situation is less well 
understood but the primary action of 
calcium appears to be an activation of a 
myosin light chain kinase. This produces a 
phosphomyosin which, unlike the unphos- 
phorylated protein, can be activated by 
actin’. Additional effects of calcium have 
been reported for vas deferens and vascular 
smooth muscle® and it has also been shown 
that smooth muscle contraction may be 
calcium regulated through an actin-linked 
system’. 

In all muscle and in most non-muscle 
cells, the myosin molecules? are hexameric 
species that consist of two ‘heavy’ (200,000 
molecular weight) and four ‘light’ 
(14,000-31,000 molecular weight) poly- 
peptide chains. There are two classes of 
light chains; the two ‘non-essential’, or 
‘regulatory’, light chains are relatively 
easily removed from the major portion of 
myosin without loss of biological activity 
while the two ‘essential’ or ‘alkali’ light 
chains are removed from myosin only after 
rather harsh treatment with alkali or 
denaturant and their loss is accompanied 
by loss of ATPase activity. The intact 
myosin molecule is highly asymmetric with 
helical portions of the heavy chains con- 
tributing most to the length of the 
molecule. The light chains and globular 
portions of the heavy chains comprise a 
pair of structures at one end of the 
molecule that each contain an actin- 
binding and an ATPase site. 

The detailed structures and functions of 
the myosin subunits vary from one cell type 
to another and, in their recent paper, 
Szent-Gyorgyi and his colleagues illustrate 
some important similarities and distinc- 
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tions among the various regulatory light 
chains from different myosins. Using some 
of the techniques they developed earlier’, 
they prepared approximately twenty 
different hybrid myosins containing the 
heavy and alkali light chains of scallop 
adductor myosin and two regulatory light 
chains from other myosins. They then 
tested regulatory light chains from verte- 
brate and invertebrate striated muscle, 
gizzard smooth muscle and platelets. Since 
all of these foreign subunits bind easily to 
light chain-depleted scallop myosin, the 
heavy chain-binding sites on all the 
regulatory light chains must be similar, as 
had been previously suggested by Weeds 
and his collaborators!®. 

The properties of the hybrid myosins are 
consistent with the idea that smooth 
muscle, as well as molluscan and some 
other invertebrate striated muscle myosins, 
are calcium-sensitive regulatory switches 
for the contractile process, but the verte- 
brate striated muscle has no myosin switch. 
Not surprisingly, the regulatory light 
chains from scallop and other molluscs 
restore full calcium ion sensitivity to the 
scallop myosin. In addition, light chains 
from crab, cricket, gizzard and platelets 
also form hybrids that bind calcium and 
require the divalent cation for actin 
activation of the ATPase. (The concen- 
tration of free calcium necessary for 
activation of these hybrids is higher than 
that required for the molluscan hybrids.) 
Vertebrate and lobster striated muscle 
myosin light chains produce calcium- 
insensitive hybrids without high-affinity 
calcium binding sites. Phosphorylation of 


the vertebrate striated and smooth muscle ` 


light chains (see Myosin phosphorylation = 
Nature 287, 191; 1980) did not affect the 
enzymatic properties of the hybric i 
myosins. | 

The Szent-Gyorgyi group hae also 
resolved some of the puzzling questions 
about the mechanism of calcium control in 
molluscan muscle. Because the first 
regulatory light chain is much more easily 
removed from scallop myosin than the 
second, it seemed possible that the two 
light chain binding sites on scallop myosin 
are not identical. In an elegant series of 
experiments using labelled regulatory light 
chains, they showed that the light chains 
are removed in an order independent of the 
order of combination. The subunits bind to 
the main portion of myosin in a coopera- 
tive manner. The cooperativity is negative, 
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however, since the affinity of myosin for 
light chain drops dramatically after the 
first one is bound. The affinity of light 
chain-depleted scallop myosin for foreign 
light chains is as great or greater than the 








affinity for scallop light chains. Although 


this may be a fortuitous property of scallop 


myosin, it is intriguing to ask what might be 
learned using other light chain-depleted 
myosins in similar experiments. E 


Two distinct types of 


oceanic plateau 


from Peter J. Smith 


THE many refraction studies carried out 
over the oceans during the past twenty 
years have shown the basic structure of the 
oceanic crust to be remarkably uniform. 
The three-layer model proposed by Raitt 
(in The Sea, Wiley, 1963) in pre-plate 
tectonic, and almost pre-ocean floor 
spreading, days still generally holds good, 
notwithstanding the discovery of 
systematic variations in some lithospheric 
properties with age. At the same time, 
however, the ocean basins contain some 
obvious anomalous features, of which 
active ridges are the most conspicuous and 
hot spots the most controversial. And then 
there are the ‘ocean plateaus’ —- broad 
aseismic platforms standing high above the 
ocean floor and usually topped with thick 
deposits of calcareous sediments. 

Some of these plateaus (Rockall Bank 
and Seychelles Plateau, for example) have 
long been regarded as continental frag- 
ments, presumably broken off from larger 
landmasses during continental redistri- 





|; THE FALLS OF NIAGARA IN WINTER 


In the first week of last February it fell to my 
lot to make very hurriedly the transcontinental 
journey of 3500 miles from San Francisco to 
New York. Before starting I resolved that the 
one stoppage which I could allow myself en 
route should be made at Niagara. I was 
confirmed in my resolve by seeing statements 
in various American papers to the effect that, 
owing to the long-continued and exceptionally 
severe cold of the present winter, the Ice- 
mountains at the Falls were higher than had 
ever been previously known. 

In the Niagara gorge numerous springs 
discharge themselves into the chasm at various 
points in the precipitous rocky sides, and at 
these points numerous collections of huge and 
massive icicles appeared as though adherent to 
the rock, measuring perhaps seventy or eighty 
feet in length, and eight to ten feet in irregular 
diameter. 

The boulders in front of the American Fall 
are, asit were, gigantic nuclei, round which the 
frozen spray accumulates, and produces the 
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bution. But others (for example, Broken 
Ridge and Shatsky Rise) are thought to be 
truly oceanic, although the processes by 
which they are formed are unknown. To 
test this two-fold classification and put it 
onto a more systematic basis, Carlson et al. 
(Earth planet. Sci. Letts51, 171; 1980) have 
now collated the seismic refraction data 
from 11 of the many oceanic plateaus 
known, showing that the two types are 
Structually distinct as might well be 
inferred from their supposedly different 
origins. 

Of the 11 features studied, three were 
already known to be underlain by rock of 
continental type. Thus Rockall contains 
Lower Eocene granites; granitic rocks are 
exposed on the Seychelles Plateau; and 
gneissic rocks have been recovered from 
the basement of the Falkland Plateau by 
the Deep Sea Drilling Project. In addition, 
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Ice-mountain of which we hear so much, and 
the remains of which are not unfrequently to 
be seen even by summer visitors. The average 
height of this is about half the total height of 
the Fall, but this winter it has attained to the 
unprecedented height of within twenty feet of 
the top of the Fall! 

Within the last few years a considerable 
portion of ‘Table Rock” has fallen away. In 
its present condition a stream of water about 
one foot in thickness falls over it in summer, 
and, owing to the amount of its overhanging, 
it is easy to get between this Fall and the rock, 
and thus to be “‘behind Niagara.” At the time 
of my visit (February 8th), however, the whole 
of this portion of the Fall was completely 
frost-bound. Enormous icicles, of the most 
surpassing beauty, depended from the rock 
above, while at my feet were masses of the 
frozen spray from the Horse-Shoe Fall. The 
intense emerald green of the water of that Fail, 
seen through and between these magnificent 
ice-pendants, could be reproduced by no 
artist, but will never be effaced from my 
memory. The accompanying woodcut, photo- 
graphed on to the wood block from a 
photographic picture taken a few days prior to 
my visit, will, to those who know the place, 
give some faint idea of the beauty of the scene, 
and of the gigantic scale of the icicles. 


From Nature 23, 31 March, 511, 1881. 
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Saya de Malha Bank is apparently part of 
the same physiographical feature as the 
Seychelles, the Mozambique Plateau is 
close to Africa and thought to be a piece 
broken from it, and Lord Howe Rise is 
likewise thought to be a fragment from 
nearby Australia, although in these three 
cases there is apparently no direct evidence 
of the presence of continental material. 

But direct evidence or not, the seismic 
velocity—depth profiles suggest that these 
six platforms are of similar construction 
and thus members of a class. In three cases 
(Seychelles, Rockall, Lord Howe) upper 
mantle velocities (>8.0kms"') are 
observed at about 30km below sea level, 
and immediately above the Moho there is a 
14—-18km thick lower crustal layer with 
seismic P wave velocities in the range 
6.0-7.0kms°!, Unfortunately, the profiles 
from the three other plateaus (Mozam- 
bique, Saya de Malha, Falkland) do not 
extend down to the Moho, although the 
same basal crustal layer is present in 
Mozambique and Saya de Malha. Still 
more unfortunately, the Falkland profile 
does not even reach that far, but is con- 
sistent with the others in having a wide 
range of velocities of up to 6.4kms"! in its 
upper parts. 

This upper-level velocity variability is 
also evident in eight seismic profiles from 
the five platforms suspected not to be of 
continental origin. But there the resemb- 
lance ends. Generally (five profiles — 
Shatsky, Broken Ridge, Fiji) the mantle is 
reached at depths of only 18-25km, and 
immediately above the Moho there is a 
lower crustal layer 6-15km thick having 
seismic velocities in the range 





Gigantic icicle under Table Rock. The upper right-hand 
commer is rock; a portion of the Canadian (or Horse-Shoe Fall) 
is on the left. The whole of the apparent ground is a mass of 
frozen spray which has accumulated many feet in thickness on 
the shingle at the foot of the rock. 
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7.3-7.6kms`. Then above that there is a 
unit with typical oceanic layer 3 velocities. 
The only exception to all this (apart from 
the Manihiki Plateau whose profile is too 
short to indicate much) is the Ontong—Java 
Plateau, the two profiles of which demon- 
Strate a curious mixture of both 
‘continental’ and oceanic characteristics. 
On the face of it, this spoils the story 
rather, although it could quite genuinely 
represent a composite structure with both 
continental and oceanic elements. 

Leaving that anomaly aside, however, 
there are clearly just two basic and distinct 
structural patterns, suggesting two 
separate modes of origin. The two types of 
structure also correlate well with their 
respective counterparts elsewhere. Thus 
the first (continental) pattern is very similar’ 
to the seismic velocity—depth structure of 
continental shields, whereas the second 
(Oceanic) is not. Then, the high basal 


velocities evident in the second pattern 
have also been observed at the base of 
normal crusts in parts of the Pacific and the 
Atlantic, as well as in some ophiolites, 
which in fact strengthens the view that 
oceanic plateaus of the second kind are 
genuinely of marine origin. 

Carlson and his colleagues admit that the 
number of plateaus for which velocity 
profiles are available is small and therefore 
regard their analysis as tentative, although 
the agreement between the seismic data and 
prior suppositions about two different 
Origins inspires confidence. The mode of 
formation of the non-continental plateaus 
remains open, however. The new analysis 
seems to confirm the conclusion by 
Hussong and his colleagues (/. geophys. 
Res. 84, 6003; 1979) that the truly marine 
plateaus are expanded sections of normal 
Oceanic crust, but the cause of th 


paawat 


expansion is a mystery. 2 


Idiotype restriction in 
myasthenia gravis antibodies 


from Angela Vincent 


Ir is now reasonably certain that anti- 
acetylcholine receptor antibodies (anti- 
AChR) play a pathogenic role in the 
reduction in endplate acetylcholine 
receptors (AChR) that underlies the 
defective neuromuscular transmission 
characteristic of myasthenia gravis (MG). 
Experimental autoimmune MG (EAMG) 
in animals immunized against purified 
AChR,human anti-AChR in over 80% of 
MG patients, and passive transfer of MGto 
mice using MG immunoglobulins had all 
been reported by 1975 and progress made 
since then was the subject of a recent 
conference*. 

It has been shown that, although in any 
individual the initial anti-AChR titre gives 
no indication of the severity of the disease, 
subsequent anti-AChR levels tend to 
correlate with changes in the clinical state. 
Various mechanisms thought to be 
involved in loss of AChR function have 
been demonstrated, including 
complement-dependent damage to the 
postsynaptic membrane (A. Engel, Mayo 
Clinic), increased AChR degradation 
caused by cross-linking of AChR by 
divalent antibody (D. Drachman, Johns 
Hopkins University), and direct ‘block’ of 
AChR function by binding of antibody to 
_ the ACh/a-bungarotoxin binding site (D. 
Drachman; B. Fulpius, University of 
Geneva). Antibodies can also modify 
rather than block AChR function, as E. 
Albuquerque (University of Maryland) 


*The sixth conference on myasthenia gravis was held in New 
York from December 2nd to 4th, 1980, organized by Dr D. Grob 
iMaimonides Medical Center) and sponsored by the New York 
Academy of Sciences and the Myasthenia Gravis Foundation. 
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showed that a factor in MG serum can 
slightly increase the open lifetime of the 
individual AChR-associated ion channels. 
This effect could only be seen, however, 
when the serum had been applied in the 
presence of histrionicotoxin, a toxin that 
reversibly blocks the channel in its open 
state. 

Although the pathogenesis of the disease 
appears to be established, the fundamental 
aetiology and cellular immune mechanisms 
are not. Is there a precipitating event such 
as virus infection, and how are genetic 
factors involved? Is there a specific 
lymphocyte abnormality or a failure of 
normal control mechanisms? Any answer 
to these questions must include an 
explanation of the role of the thymus. 
Many patients have ‘thymitis’ with 
germinal centres, and some have a thymic 
tumour. MG symptoms, particularly in the 
former group, often respond well to 
thymectomy although improvement may 
take months or years. One possibility is 
that the thymus is the site of both the 
antigen and the initiating event. It has been 
recognized for several years that cultured 
thymic epithelial cells can display muscle- 
like antigens including AChRs (K. 
Wekerle, Max Planck Institute). Wekerle 
proposed that helper-T cells were sensitized 
to AChR in the thymus and then emigrated 
to the periphery where anti-AChR 
synthesis took place. This may well be the 
case because, although thymic 
Angela Vincent is in the Department of 


Neurological Science, The Royal Free Hospital, 
London, 


lymphocytes from many long-standing 
MG patients make anti-AChR in culture, it 
seems that the thymus is not the primary 
site of anti-AChR synthesis (J. Newsom- 
Davis, Royal Free Hospital, London). 
Thymic lymphocyte preparations 
(irradiated to destroy B cells) can also 
enhance the in vitro anti-AChR synthesis 
by MG peripheral blood lymphocytes, 
possibly due either to antigenic stimulation 
by AChR on thymic cells, or to the presence 
of a thymic helper-T cell population 
specific for anti-AChR (or both) (Newsom- 
Davis). Other cell types may also be 
involved, however, as N. Shinomiya 
(Tokyo Medical and Dental School) 
showed that normal, but not MG, 
peripheral blood T cells inhibited anti- 
AChR synthesis by MG lymphocytes. This 
Suggests the absence of a specific 
suppressor-T cell in MG subjects. 

This latter finding indicates that even 
normal subjects may have AChR-sensitive 
lymphocytes and display low levels of anti- 
AChR. Anti-AChR has been detected in 
the sera of 18 per cent of MG relatives (R. 
Pirskanen, Karolinska Institute) although 
it did not correlate with HLA-B8, the HLA 
antigen most closely associated with MG, 
nor with the electromyographic 
abnormality also found in a proportion of 
MG relatives. Others have demonstrated 
very low levels of anti-AChR in norma! 
subjects (T. Mittag, Mount Sinai School of 
Medicine), in cultures of normal 
lymphocytes with MG T cells (R. Kelley, 
UCLA School of Medicine) and in purified 
Torpedo AChR (Shinomiya, Tokyo 
Medical and Dental School). The existence 
of sensitized B lymphocytes would not be 
surprising if the normal immune system 
was exposed to AChR, and it may be 
relevant that AChR-like molecules have 
been detected on normal peripheral 
lymphocytes (G. Morrel, Wayne State 
University; D. Richman, University of 
Chicago) and mouse thymic lymphocytes 
(S. Fuchs, Weizmann Institute) although 
a-bungarotoxin binding has not been 
demonstrated. ©. 

Work on EAMG may help to elucidate 
the involvement of genetic factors, When 
animals are immunized against AChR, a 
proportion of the anti-AChR antibodies 
cross-react with the animals’ endplate 
AChR, resulting in weakness and neuro- 
muscular block. Not all species or strains 
respond equally and P. Berman (Salk 
Institute) showed that susceptibility to 
clinical EAMG in inbred strains of mice 
was not related to the anti-AChR titre, its 
ability to increase AChR degradation, ora 
difference in the safety factor for 
transmission at endplates from different 
genetic strains. The greatest susceptibility 
was found in those with a particular major 
histocompatability complex (H-2?) and 
immunoglobulin (igI) genotype. The 
involvement of the IgC,, region suggests 
that overt myasthenia in mice depends on 
particular polymorphic genes coding for 
the constant region of immunoglobulin 
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heavy chains. A similar association (with 
the human Gm allotypes) has been 
reported in MG (Nakao etal. Lanceti, 677; 
1980). These findings might explain the 
generally poor correlation between the 
total anti-AChR titre and disease severity. 
Clearly, specific subpopulations of 
antibodies may also be important in MG 
and will be defined when human 
monoclonal anti-AChR is available. 

In EAMG several workers have used 
monoclonal antibodies produced by 
hybridomas to analyse the anti-AChR. A 
single monoclonal antibody reactive with 
mammalian AChR can passively transfer 
EAMG to mice (J. Lindstrom, Salk 
Institute) or rats (V. Lennon, Mayo 
Clinic). Surprisingly, antibodies raised in 
inbred rats against each of three distinct 
monoclonal antibodies inhibited the 
activity of the others suggesting that they 
shared a common idiotype (the antigen- 
specific, hypervariable region) (V. 
Lennon). However, each anti-idiotype 
antibody inhibited only a proportion of the 
anti-AChR in polyclonal EAMG sera and 


Disposing of dioxins by oxidation 


from Alastair Hay 


DISPOSAL of waste contaminated by poly- 
chlorinated dibenzodioxins (PCDDs) has 
long been a problem for sections of the 
chemical industry. Toxic and often 
remarkably stable, the PCDDs are 
produced as unwanted by-products during 
the manufacture of chlorinated phenols. 

The best known and most extensively 
studied PCDD is 2,3,7,8-tetrachloro- 
dibenzo-p-dioxin (TCDD). It is produced 
during the manufacture of 2,4,5-trichloro- 
phenol — the starting point for the widely 
used herbicide 2,4,5-trichlorophenoxy- 
acetic acid (2,4,5-T). 

Although pure TCDD is very stable (a 
temperature in excess of 800°C is required 
for its thermal degradation), if dissolved in 
organic solvents such as methanol or 
benzene it is exceptionally unstable in the 
presence of ultraviolet light. The solvents 
act as hydrogen donors, replacing aromatic 
ring chlorines with hydrogen as TCDD is 
photolytically degraded. The reaction 
sequence proceeds in stages with only one 
chlorine atom being replaced at any one 
time. Eventually TCDD is degraded to the 
unchlorinated parent dibenzodioxin (D.G. 
Crosby etal. Science 173, 748; 1971). Many 
orders of magnitude less toxic than TCDD, 
dibenzodioxin too is decomposed by light 
(J.R. Plimmer et al. Adv. Chem. 120, 44; 
1973). 

The higher chlorinated dibenzodioxins, 
hexa-, hepta- and octachlorodibenzo-p- 
dioxin, produced in the manufacture of the 


wood preservative pentachlorophenol, are 


also subject to photolytic degradation (C. 
Rappe et al, Ann. N.Y. Acad. Sci. 320, 1; 
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when anti-idiotype-producing animals 
were immunized directly against AChR 
they still developed electrophysiological 
evidence of EAMG. 

J. Lindstrom has used monoclonal 
antibodies rasied against intact AChR and 
its polypeptide subunits to map 
determinants on receptor extracted from 
many different species. The main 
immunogenic region appears to be on the 
a-subunit of Torpedo and eel AChR and 
similar determinants are found on AChR 
from mammals including humans. Three 
monoclonal antibodies reacting with a,f 
and y subunits can bind to human AChR 
and inhibit the binding of a proportion of 
human anti-AChR (S. Tzartos, Salk 
Institute). These results are important 
because they suggest that the determinants 
to which human anti-AChR bind are more 
restricted than was previously inferred 
from the heterogeneous characteristics of 
MG anti-AChR (as defined by variability in 
x and A light chains, binding to the 
a-bungarotoxin binding site, cross- 
reactivity with other AChR preparations). 


1979). 

Under field conditions TCDD can be 
subjected to photolytic degradation by 
sunlight when a suitable solvent/hydrogen 
donor is present. When a preparation of 
the herbicide ‘Agent Orange’ — a 
formulation of 2,4,5-T containing 15 
p.p.m. TCDD — was exposed to sunlight, 
the dioxin was rapidly degraded with less 
than half remaining after 6 hours (A.S. 
Wong and D.E. Crosby in Dioxin: Toxi- 
cological and Chemical Aspects (eds 
Cattabeni, F. et al., Spectrum, New York; 
1978). When TCDD was dissolved in an 
oil/emulsifier mixture and exposed to 
sunlight, complete degradation occurred 
within 2 days (A.S. Wong and C.G. Crosby 
op. cit.). 

In industry, photodegradation of 
PCDDs is not very practical and most 
manufacturers dispose of the chemicals by 
high-temperature incineration. A method 
of degradation using chemical processes 
might provide a more attractive option and 
in this issue of Nature (p.323), D.C. Ayres 
reports that PCDDs can be degraded 
efficiently by an oxidative procedure 
involving ruthenium tetroxide. 

Ruthenium tetroxide is a powerful 
oxidizing agent which reacts with a wide 
range of organic substances, and according 
to Ayres, it can be used in solution in water 
or in organic solvents with no nucleophilic 
character, such as chloroform, nitro- 


Alastair Hay is in the Department of Chemical 
Pathology at Leeds University. 


Moreover, using a polyclonal anti-idiotype 
serum raised in rabbits against human anti- 
AChR, A. K. Lefvert (Karolinska 
Institute) has found some sharing of anti- 
AChR idiotypes between different MG 
patients. 

The treatment of MG has improved since 
the autoimmune basis for the disease has 
been widely recognized. Immunosuppres- 
sants are used much more freely with good 
results, and plasma exchange can produce 
marked temporary improvement. 
Although several interesting experimental 
approaches to treatment, including 
immunization against modified AChR and 
anti-idiotype induction in rabbits with 
EAMG (S. Fuchs), have met with some 
success, it will be some time before any can 
be tried in the human disease. 
Nevertheless, if there is less heterogeneity 
and greater idiotype restriction in MG anti- 
AChR than previously thought, and if 
certain idiotypes can be shown to play a 
crucial role in the disease process, specific 
immunotherapy may become a realistic 
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methane or carbon tetrachloride. Ayres 
reports that 2,7-dichlorodibenzo-p-dioxin 
(DCDD) was destroyed by ruthenium 
tetroxide in carbon tetrachloride solution 
when the cocktail was allowed to stand 
overnight at ambient temperature. The rate 
of oxidation increases with increase in 
temperature: at 30°C DCDD has a half life 
of 215 min whilst at 50°C, the half life falls 
to 38 min. The oxidation of TCDD is a 
slower process: at 20°C this chemical has a 
half life of 560 min in the ruthenium 
tetroxide mixture. At 70°C, however, the 
half life plummets to a mere 15 min. 
Ayres believes that his results demon- 
strate that ruthenium tetroxide can be 
safely used for the detoxification of glass- 
ware and the periodical purging of 
industrial reactors to counteract the 
accumulation of PCDD residues. The 
process need not be expensive, Ayres 
claims, for ruthenium tetroxide need only 
be used in catalytic amounts after which it 
can be regenerated using a consumable 
secondary oxidant, such as hypochlorite. 
Although Ayres does not know the 
nature of the fragments formed during the 
oxidation of the PCDDs, he reports that 
chlorophenols subjected to ruthenium 
oxidation undergo extensive decom- 
position to yield chloride ions and no 
significant levels of organic products. It 
remains to be seen whether this is the fate of 
the PCDDs, but it is clear that oxidation 
must now challenge incineration as the 
method of choice for disposing of un- 
wanted polychlorinated dibenzo-p-dioxins 
in nindustry. a 
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Orbital signature of interglacials 
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A specific orbital configuration—high obliquity combined with the June perihelion—marked the beginning of the past three 
interglacials. This suggests that the primary cause of the glacial cycle may be astronomical. An astronomical climate index 
(ACLIN) is introduced which combines the three orbital variables in the time-lag bivariant model designed to predict the 
major climate changes in the late and middle Pleistocene, and in the near future. ACLIN closely correlates with the major 
climatic events revealed by independently dated proxy climate indicators of the past 130,000 yr. It successfully differentiates 
the interglacials, and displays a 100,000-yr periodicity. It predicts an early end of the present interglacial and the start ofa 


new one in 114,000 yr. 





SEVERAL recent observations have shown that the principal 
periods in the radiometrically dated palaeoclimatic records 
match in length the periodicities of the Earth’s orbit”. These 
two systems are probably linked by a cause and effect relation- 
ship. Although there have been several attempts to explain the 
palaeoclimatic record in terms of insolation input, none of the 
selected palaeoinsolation curves correlates with the different 
amplitude of interglacials and interstadials. The models simulate 
the exceptional character of the post-glacial warm interval only 
when the nonlinear terrestrial response to insolation forcing is 
included. Different rates of ice growth and decay, a nonlinear 
isostatic adjustment to the ice-load, thermal memory of the 
oceans, and so on, represent the terrestrial input®’ (for a review, 
see ref. 8), 

It has been argued, however, that the internal dynamics of the 
ice sheets can explain the dominant 100,000-yr periodicity of 
palaeoclimatic records’'® and consequently, that the 
astronomical modulation of the Earth’s climate has, at best, only 
a secondary role. 

We have attempted to test whether the non-linear terrestrial 
response is necessary to explain the glacial—interglacial cycle. Is 
there an orbital configuration specific to an interglacial and can 
the exceptionally warm interglacial climate be explained by 
orbital configuration alone? 

Interglacials are the key climatostratigraphic units recognized 
in Pleistocene strata worldwide—they reappear about every 
10° yr. It is the interglacial environment in which mankind 
flourished. Any useful prediction of future natural climates has 
to be able to differentiate between the interglacials and the 
glacials. If a specific orbital signature of an interglacial was found 
it would provide: (1) a better understanding of climate; (2) a 
definition of predictors of future gross climate shifts; and (3) 
improvement in the dating of past climates. 

In this article we first summarize radiometrically dated evi- 
dence of climatic changes during the past 350,000 yr; then 


Fig. 1 Climate severity index for the past 200 

130,900 yr based on the three sets of proxy 4 

climate indicators (pollen, sea level and 5 180), 5 

expressed on a relative scale where 100 units E 7 

correspond to the peak glacial and 200 to the “Dc, 7 

peak of the present interglacial. Input dataand %& | 

procedure are explained in text. Horizontal £ 

bars show the dating accuracy whereas the O 

envelope gives the range of the climate index 

values. Note large uncertainty between 20,000 100s elec! er eats 

and 70,000 yr BP. a eer 
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compare this record with the history of orbital perturbations and 
identify orbital configurations, if any, which correlate with 
interglacials, interstadials and stadials: and finally propose and 
test an index, based solely on orbital variables, with possible use 
as a predictor of past and future gross climate states. 


Climatic variations of the past 350,000 yr 


Past climates were reconstructed from indirect evidence on the 
size and volume of former ice sheets and on the change in 
habitats of flora and fauna’. Radiometric dates, counts of 
annual layers and interpolated sedimentation rates provided the 
time scale. Ocean records are the most complete’*"*; land 
records are the most detailed and the best dated’. The accuracy 
of the dating decreases with time. Dating of the past 30,000 yr 
relies on radiocarbon; it is accurate to within ~ +1,000 yr; in the 
preceding 10,000 yr to within about £5,000 yr. Previous to that, 
because of contamination problems'®, “C ages have to be 
considered minimum values. U/Th isotopic ages give the highest 
accuracy (+5,000-6,000 yr) in the interval between 60,000 and 
130,000 yr BP. 

Figure 1 summarizes the climate records of the past 
130,000 yr. It is based on three sets of proxy climate indicators 
dated by radiocarbon up to 50,000 yr BP and by U/Th decay 
series thereafter. The three groups are: (1) Pollen data from 
Grande Pile, France’’*" and Tenaghi Phillipon, Greece??*, 
transferred onto a scale where 100 units correspond to the peak 
glacial (between 15,000 and 20,000 yr BP) and 200 units to the 
peak present interglacial (6,000 yr BP). (2) Sea level estimates 
from dated coral reefs in Barbados?**", Curacao”, 
Bermuda’'"*, New Guinea***°, Japan”, Loyalty Islands*®, 
Australia®’, Eniwetok Islands“, Florida***! and the 
Bahamas*'**, and "C dated palaeo-sea levels in North Carol- 
ina****, Scotland**, and Australia*®, transferred on the same 
relative scale. (3) Delta 15O records*?*”* in cores RC11-120, 
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METEOR 12392-1, V19-29, and V29-179 dated by correlation 
with sets 1 and 2 and by Toba Ash”’, and plotted along the same 
scale. The index was averaged arithmetically, first within each 
group and second among groups 1, 2 and 3. In the pollen record 
from Grande Pile'’*° in France, and Tenaghi Philippon?” i 
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in 
Greece, the climate index y was computed after the empirical 
formula: 


y=4x+2y +z 


where x, y and z are the warm, cool, and cold principal pollen 
producing species, respectively, taken as a per cent of the total 
pollen count. Here x is the sum of oak, fir, hornbeam, alder and 
hazel; for Grande Pile yew and beach were added; for Tenaghi 
Philippon Mediterranean hornbeam and pistachio were added. 
y is the sum of pine, birch and juniper; with spruce added for 
France, and willow added for Greece. z is grass in France, and 
the sum of sagebrush and herbs in Greece. 

The pollen formula was selected after multiple comparisons of 
the results with published palaeotemperature reconstructions of 
the past 130,000 yr (ref. 51). The above formula gave the closest 
agreement. Details of the procedures will be described else- 
where. 

The smoothing process removed the relatively sharp boun- 
daries observed in the land based records”*’”’ separating the cool 
and the temperate stages. The time series of most proxy climate 
indicators when inspected on a sufficiently detailed time scale, 
have a step function form*’. They show relatively steady inter- 
vals several millenia long, interspersed with short episodes of 
relatively rapid change. The more recent of these shifts were 
dated close to 10,000 yr BP (ref. 54), 23,000 yr BP (ref. 55), and 
32,000 yr BP (ref. 55). Some such records may result from a step 
response of a proxy climate indicator with a broad climatic 
tolerance to a smooth continuous change of climate. However, 
recent data indicate that the climate over large regions changed 
in steps°’** along a generally sinusoidal path. 

The principal features of the palaeoclimatic history of the past 
130,000 yr (shown in Fig. 1) can be summarized as follows. The 
past 10,000 yr and the interval between ~115,000 and 
127,000 yr BP had an interglacial climate, considerably warmer 
than the rest of the time. There were only two interglacials in the 
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Fig.2 Orbital signature at the peak 
(POS) and at the onset (EOS) of 
major warm and cold episodes of the 
past 130,000 yr, dated by radioiso- 
topes. The episodes are identified by 
the age of their peak, given in 
thousands of years. Vertical scale: 
climate severity index from Fig. 1. 
Horizontal scales: longitude of the 
perihelion (w) in degrees, obliquity 
(£) in degrees, and the eccentri- 
city(e). @ mark the episodes with the 
POS w from 270° to 360° to 90°. 
Discussion in text. 
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past 130,000 yr, both began by a pronounced stepwise 
environmental change accompanying a full scale deglaciation 
(termination). The most severe part of the last glacial lasted from 
~22,000 to ~ 13,500 yr BP (ref. 57) and continental ice sheets 
were most extensive between 19,000 and 15,000 yr BP (ref. 58). 
At that time the sea level was 80 m (ref. 44), and possibly 130 m 
(ref. 43), lower than today. Similar environmental conditions 
and, by inference, climate, marked the next-to-last full glacial 
between 130,000 and 140,000 yr BP (ref. 15). Milder inter- 





Table 1 Obliquity and June insolation at the start of the mild and cool 
intervals 
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June soltice June soltice 


insolation insolation 
Time 90°N Time 90° N 
(kyr) E (Ly day™’) (kyr) E (Ly day`') 
+10 22.61° 1,105 +19 23.16° 1,091 
—~11* 24.20°T 1,197 —] 23.58" 1,086 
—34 22.60° 1,112 —22* 22.79% 1,048¢ 
~60 23a 1,146 -47 24.42° 1,132 
~83 23.58° 1,197 -72 22.38°} 1,0184 
~105 22.96° 1,185 ~Q4 24.26° 1,075 
~1]27* 24.04°+ 1,239 —116 22.49°% 991t 
—15] 22.48° 1,132 —139* ` 23.57° 1,050 
—176 23.75° 1,213 ~164 23.87" 1,079 
~198 22.85° 1,205 —187 22.62°% 991t 
~220* 23.78% 1,247 —209 24.29° 1,0474 
—242 23.25° 1,186 —231* 22.08°4 972% 
—267 22.80° 1,129 ~254 24.40° 1,104 
—292 23.98°F 1,217 ~ 280 22.90° 1,0444 
—314 22.54° 1,167 — 303 PA Si 1,040¢ 
—335* 24.21% 1,225 ~324 23.36° 1,0354 
-355 22.36° 1,094 —345* 22,97° 1,049 


* Warm interval following or cool interval preceding major deglacia- 
tion. 

7 Values equal or higher than that corresponding to a dated inter- 
glacial. 

+ Values equal or lower than that corresponding to the last peak 
glacial. 
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Table 2 ACLIN 1 cutoff values 





Duration 
Climate state ACLIN 1 peak (kyr) 
Interglacial 24,3 10 
Temperate interstadial 23,5-<4.3 8 
Interstadial 22.5-<3.5 4 
Stadial and protostadial <2.5 
stadials punctuated the glacial between 115,000 and 


22,000 yr BP: the first two episodes are sometimes referred to as 
temperate interstadials. The environment then locally 
approached, but globally did not reach, interglacial conditions. 
Remaining interstadials were cold with arctic climate in the 
northern middle latitudes. At ~73,000 yr BP (ref. 14) the cli- 
mate deteriorated sharply. 

As seen in Fig. 1, the climate severity between ~70,000 and 
20,000 yr ago is relatively uncertain. While the deep-sea record 
and the pollen assemblages in Europe testify to harsh conditions 
and suggest a large volume of land based ice, the sea level 
estimates based on raised coral reefs imply a much smaller ice 
volume. 

Palaeoclimates of the interval 130,000-350,000 yr BP are 
known in much lesser detail and are less accurately dated 
(Fig. 3). Four interglacials occurred in the past 350,000 yr; each 
was preceded by one of the major deglaciation dated to 
~11,000, 127,000, 220,000 and 330,000 yr BP. The oldest date 
is based entirely on interpolated thicknesses of the Brunhes 
sediments in deep sea cores (ref. 15). Published estimates differ 
by about +10%. Continuous pollen bearing deposits’, soil- 
loess sequences'*, and '*O series? show that the frequency and 
amplitude of climate oscillations before and after 130,000 yr BP 
was approximately the same. 


Climate index compared with orbital variables 


The Earth circumsolar orbit is defined by three parameters: 
(1) The tilt e of the Earth axis to the plane of the ecliptic 
(obliquity). It varies from ~22° to ~24.5° within a basic period 
of ~41,000 yr. With higher tilt, more insolation is directed to the 
high latitudes of both hemispheres in summer at the expense of 
low latitudes. 

(2) The longitude of the perihelion w. This is measured as the 
angular distance of perihelion from the autumnal equinox, and 
defines the season in which the Earth makes its closest approach 
to the Sun. At perihelion, the intensity of solar radiation reach- 
ing the Earth is at a maximum. The precession of the equinoxes, 
as the process is called, has an irregular periodicity of 13,000- 
25,000 yr with periods of ~23,000 yr and 19,000 yr being the 
most common‘. 

(3) The eccentricity e is the measure of the Sun’s departure 
from the geometric centre of the Earth’s orbit. High eccentricity 
increases the effect of w which varies from close to 0 to ~0.06, 
with periods of ~ 100,000 yr and 410,000 yr. 

The three orbital parameters at any past or future time can be 
computed from the equations of planetary mechanics”. 
Although we used recently revised calculations of Berger®*', 
the calculations of others agree to about 350,000 yr BP but they 
diverge further back in time®”’. The precision of the calculations 
decreases with time due to the limited number of terms used in 
the expansions and to imprecise knowledge of the input 
parameters. 

Figure 1 gives the timing of the major warm and cold climatic 
episodes with a wavelength of at least 10,000 yr. It also defines a 
Starting (entry) date of each episode, half way between the 
neighbouring highs and lows. The orbital signature correspond- 
ing to the time of climate peaks, the peak orbital signature 
(POS), is plotted in Fig. 2a—c. Characteristics of the start of each 
episode, the entry orbital signature (EOS), is plotted in Fig. 
2d-f. Each part of the figure is divided into quadrants defined by 
the mean values of the climate index and of the corresponding 
orbital measure. 
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Figure 2a shows, that mild or warm climatic episodes tend to 
peak when the longitude of perihelion w is close to 0°/360° 
(September perihelion), whereas cool episodes culminate near 
180° (March perihelion). We therefore label episodes with peak 
w between 90° and 270° by open circles and the remainder by 
full circles. This convention applies throughout Fig. 2. Figure 24 
shows that warm climates tend to be associated with high 
obliquity, and cool climates with low obliquity. Finally, (Fig. 2c) 
cold climates seem to be associated with low eccentricity. 

None of the warm episodes display simultaneously high values 
of eccentricity, obliquity and autumn perihelion. For instance, 
the present interglacial peak at 6,000 yr BP has low eccentricity, 
the 29,000 yr BP interstadial peak has a low obliquity and 
eccentricity, and the relatively cold episode at 91,000 yr BP has 
a high obliquity and eccentricity, but a longitude of the peri- 
helion close to 180°. 

The orbital configuration disagrees only once with the cor- 
responding climate, at 54,000 yr BP, a time of high obliquity and 
of autumn perihelion. Although the eccentricity is low, it is not 
much lower than at the peak of the present interglacial. Why, 
then, should 54,000 yr BP mark a cold climate? One possibility 
is that the disagreement stems from poor dating and possible 
incompleteness of the sea level curve between 40,000 and 
635,000 yr BP, which strongly influenced the average index 
(Fig. 1). Contrary to the master curve, the 54,000-yr BP interval 
shows a relative amelioration in both the pollen data and the 
5'*O record. However, as no marine terrace of such age is 


reported, we assume a low sea level between 45,000 and 


60,000 yr BP. 

Figure 2d-f shows the entry orbital signature as a function of 
the peak climate index. A phase shift of ~5,000-6,000 yr exists 
between the plotted orbital variables and the climate index. The 
mild and warm episodes show w close to 270° (June perihelion) 
whereas cool episodes. close to 90° (December perihelion, 
Fig. 2d). Obliquity values are high during warm episodes and 
low during cold ones, with the same exceptions as in Fig. 2b. The 
eccentricity association is similar to Fig. 2c. | 
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Fig.3 Plots of ACLIN 1 and 2 for the past 350,000 yr and future 
150,000 yr. Higher index value correlates with warmer climate. 
ACLIN 1 interglacial peaks =4.3 and ACLIN 2 peaks 20.654 
filled in black. Climate severity index for the past 150,000 yr same 
as in Fig. 1. Mean ages of the U/Th dated coral reefs?7*747*7 
shown by dots. Vertical bars show the range of age estimates of 
terminations (TI-T IV} as obtained from deep sea cores’*. FT I is 
the first expected future termination. Peaks as high or higher than 
that of 6,000 yr BP shown by arrow. 
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We conclude from Fig. 2 that the two interglacials, peaking at 
6,000 yr BP and 123,000 yr BP, possess specific orbital charac- 
teristics which are absent during the remaining periods. They 
start at a time of June perihelion and reach a climax at a time of 
September perihelion, with high obliquity throughout the first 
half of the interval. Only the interstadial at 82,000 yr BP shows a 
similar, though markedly weaker character. 

To test the correlation of high EOS obliquity with inter- 
glacials, all June perihelions (œ =270°) during the past 
360,000 yr BP were listed in Table 1, together with the cor- 
responding obliquity. The known four interglacials started at 
335,000, 220,000, 127,000 and 11,000 yr BP. The interglacial 
starting at 220,000 yr BP shows the lowest EOS obliquity of 
23.8°, all three remaining interglacials start with higher values. 
All interstadials except the one at 292,000 yr BP have an 
obliquity lower than 23.8°. Thus, at least within the past 
250,000 yr, an EOS obliquity of =23.8° together with a June 
perihelion, is an exclusive characteristic of interglacials. 
However, this observation does not necessarily imply the exis- 
tence of a physical mechanism directly linking the two observed 
properties with terrestrial climates. Some other variable 
indirectly related in space and time may provide the critical 
solar—terrestrial link. 

It might be expected that the combined impact of high 
obliquity and of a June perihelion be fully reflected in the 
insolation values at high latitudes and that a single insolation 
curve for a selected latitude could serve as a predictor of 
interglacials. Table 1 shows that this is not the case. Even at the 
North Pole, where the departures are largest, the insolation at 
the onset of the postglacial was not any higher than during the 
four earlier interstadials. The physical explanation of the clima- 
tic importance of the high tilt probably lies in the dynamics of the 
seasonal sea-ice covers. These disintegrate in the late spring and 
summer as a result of high solar radiation®**’. Only the obliquity 
cycle, but not the precessional cycle, increases the insolation of 
the pack ice fields of both hemispheres in phase. 

The special importance of the autumn perihelion is linked to 
the dynamics of snow fields. The seasonal advance of snow fields 
in autumn has been closely correlated with the seasonal change 
of insolation®*, thus snow coverage may be more sensitive to 
insolation in autumn than during the rest of the year. If so, the 
autumn perihelion would delay the seasonal expansion of snow 
in the Northern Hemisphere but would have no measurable 
effect on the Southern Hemisphere, where seasonal snow fields 
are negligible. 


The astronomical climate index 


As shown in Fig. 2, high obliquity, high eccentricity, and autumn 
perihelion correlate with relatively warm climates. Based on this 
observation, we formulate an index which would predict a gross 
climate state as a function of £, œ ande. The resulting astronomic 
climate index (ACLIN) should be high when £ and e is high and 
when w approaches 360°. This approach leads to a purely 
empirical formula, ACLIN 1 (a,), first introduced in 1978 
(ref. 65): 


i, 180 
90) 


where a, is the climate index at time t,, and w, e; the longitude 
of the perihelion, and eccentricity at a time t,, and e, the 
obliquity at a time f,, defined by: 
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and where w, is the longitude of the perihelion at a time t,. The 
separation of t, and t, by 90° in the longitude of the perihelion 
corresponds to a time lag of ~5,000—6,000 yr implying a several 
millenia long memory in the climate system. Plots of a, are 
compared with palaeoclimatic evidence from the past 
130,000 yr in Fig. 3, and for the past and future 1 Myr in Fig. 4. 

While the correlation of ACLIN 1 with palaeoclimatic evi- 
dence is good, the separation of e and w in two independent 


variables disagrees with the laws of orbital geometry. An 
improved ACLIN formula therefore takes into account the 
physical link between orbital perturbation and insolation. It is 
composed of two terms: A, proportional to the relative intensity 
of ground level insolation at high latitudes at the summer 
solstice, and B, proportional to the relative intensity of insola- 
tion at the autumnal equinox. 


1+2e cos (w +90) 


A a er a alle (2) 
1+2e cos w 
are (3) 


Both A and B are scanned at the same times ft, and t, as in 
ACLIN 1. Other separations of t, and t, are possible but have 
not been investigated (see ref. 6). The present arbitrary selection 
of t, as used in all ACLIN formulas was based on the good 
correlation of EOS with the climate index. As the orbital 
variables are scanned at two different intervals, ACLIN is a 
time-lag bivariant model. 
The basic ACLIN formula has the simplified form 


a) =al(A,t+b-B,)+(A2,t+c -B2) (4) 
and can be written in full as 
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Fig.4 Plot of ACLIN 1 from 1,000,000 yr BP to 1,000,000 yr AP. 

Higher value indicates warmer climate. Peak Holocene (A) level of 

24.3 defines interglacials marked with arrows. Past peak glacial 
level at about 17,000 yr BP (B). 
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where a is the ACLIN index for time ¢,, e, £w, the orbital 
elements at a time f, and e,, £», w, the orbital elements at a 
preceding interval t, defined in the same way asin ACLIN 1, and 
a, b and c the arbitrary coefficients. 

Various versions of a, were studied. Best results were 
obtained with ACLIN 2 (@,), in which a =b = 0.25 and c =a’. 
A plot of ACLIN 2 is shown in Fig. 3. 

The following criteria have been applied to test the predictive 
merits of ACLIN variants: 

Accuracy level 1: predicts 10 interglacials in the past Myr, 
spread at ~10° yr intervals, it also fulfills criteria for level 3. 

Accuracy level 2: predicts interglacials in the past 350,000 yr 
at times matching palaeoclimatic records within the accuracy of 
radiometric dating. Predicts temperate interstadials (and not 
interglacials) at ~80,000 and 100,000 yr BP and the relative 
amplitudes of cold minima at ~18,000, 65,000 and 
110,000 yr BP. 

Accuracy level 3: predicts the relative amplitude and timing of 
interglacials and temperate interstadials during the past 
150,000 yr and the timing but not the relative amplitude of the 
cold peaks. 

Accuracy level 4: predicts correctly the relative timing but not 
the amplitude of warm and cold intervals during the past 
130,000 yr. Does not predict interglacials. 

No solution has yet been found reaching accuracy level 1. 
ACLIN 1 is the only formula tested so far which reached 
accuracy level 2. Formula ACLIN 2 reached accuracy level 3. 
Additional ACLIN variants can be constructed to obtain a 
better agreement with palaeoclimatic records, following the 
tuning strategy proposed by Imbrie and Imbrie®. However, the 
two described versions are sufficiently successful to be used for 
long range climate estimates. 

ACLIN time series approach a smooth sinusoidal function. A 
computer program can transform ACLIN into a stepwise form, 
scanning for maxima and minima (Table 2), and assigning a 
_ parametrized duration to the three mild climate states. In such a 
model, protostadials and stadials occupy the rest of the time. 
Protostadials dre gross cold climate episodes characterized by a 
restricted size of continental ice sheets which occur within the 
first 50,000 yr or so of an interglacial~glacial cycle. 

Figure 5 shows the spectral response of ACLIN1 and 
ACLIN 2 compared with amplitude spectra of the deep sea core 
V28-238 and the spectrum of Imbrie and Imbrie’s model. 
ACLIN 2 has significant peaks only at periods of ~41,000 yr 
(the obliquity cycle) and ~23,000 and 19,000 yr (the precession 
cycle) whereas ACLIN 1 shows an additional significant peak 
near 100,000 yr. Although the 100,000-yr peak in ACLIN 1 is 
not as dominant as it is in the oxygen isotope record of core 
V28-238, we find the ACLIN 1 result encouraging. It shows that 
a bivariant model based solely on the orbital input is capable of 
generating a 100,000-yr cycle. In ACLIN this period is due to 
the eccentricity, but the real cause is the coupling of high 
obliquity and precession modulated by the eccentricity (see 
Table 1). 

The spectrum of ACLIN 1, based entirely on orbital vari- 
ables, closely resembles the spectrum of Imbrie and Imbrie’s 
model* in which nonlinear ice growth rates were combined with 
an insolation function. Similar to Imbries’ model, ACLIN 1 has 
a power in the 400,000-yr range but with a lower and more 
realistic peak. 

Discussion 

Given the complexity of the Earth-atmosphere system, it is 
surprising that the simple ACLIN formulae successfully simu- 
late the principal features of the palaeoclimatic record. This 
emphasizes again the dominant role of orbital variations in the 
shaping of past climates. The most significant achievement of 
ACLIN is the successful discrimination of interglacials on the 
sole basis of orbital input scanned across a ~5,000-yr interval. 
All earlier models had to include a nonlinear response of the 
terrestrial system to orbital forcing to separate the interglacials 
and generate the 100,000-yr periodicity. 
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Fig. 5 Power spectra of the oxygen isotope record in the Pacific 
core V28-238 over the past 730,000 yr (ref. 59); the output of the 
Imbrie and Imbrie non-linear climate model? for the past 
1,000,000 yr; the ACLIN 1 model over the past 1,000,000 yr; and 
the ACLIN 2 model over the same interval, Observe a ~ 100,000. 
and ~410,000 yr peak present in the ACLIN 1 and in the Imbrie 


model, but missing in ACLIN 2 


While utmost caution is needed in the interpretation of our 
data®, the results have some implications for climate theory: 
(1) The gross climate state may almost be in equilibrium with 
orbital forcing. Otherwise, it would seem impossible to predict 
interglacials solely from the orbital configuration of a ~ 5,000 yr 
long interval. 

(2) The primary origin of the 100,000 yr cycle can be orbital 
rather than terrestrial. If this is so, a primary orbital forcing 
would be modulated by a nonlinear thermal, mass, and isostatic 
response of ice and oceans, rather than the reverse. 

(3) Increased insolation to high latitudes at the expense of low 
latitudes is associated with warm global climates, not the other 
way around. 

(4) The interaction of both hemispheres, not the sole domi- 
nance of the Northern Hemisphere, seems to be critical in the 
dynamics of the 100,000 yr cycle. This is indicated by the 
dominant role of obliquity in the ACLIN formula. (It had been 
suggested earlier’ that the tilt may have played a principal role 
in shaping the past climates.) 

(5) The seasonal pack-ice in both hemispheres and the snow 
fields in the Northern Hemisphere seem to play a key part in the 
dynamics of Pleistocene climates as suggested earlier®*. 

While the ACLIN simulates the relative intensity of mild 
events quite well, it does not reproduce the cold episodes very 
well. For instance, the 133,000-yr BP ACLIN1 value is 
considerably higher than that for 17,000 yr BP, while the extent 
and the volume of continental ice was approximately the same at 
both intervals. Interglacials indicated by proxy data at 
~400,000 and 500,000 yr BP, are also poorly reproduced by 
ACLIN. ACLIN peaks at corresponding times do not reach the 





Nature Vol. 290 26 March 1981 


Oe u st tents NzlllttttietRntitlnNantCttttttttTnn—tititttntn—tmtttttttNatett ttt tLCNI NNN tr tttttacn 


4.3 cutoff level. However, the accuracy of both geological and 
astronomical data before 350,000 yr BP is low. 

The general agreement of the ACLIN time series with the 
reconstructed palaeoclimates permits future gross climate states 
to be predicted. Such an estimate, however, can only be valid if 
man’s impact on the land and the atmosphere has not 
significantly modified the mechanism of climate change, and will 
not do so in the future. 

The ACLIN time series is extrapolated into the future in Figs 
3 and 4. Both a, and a, predict a considerably cooler climate for 
the next 114,000 yr, followed by an interglacial. The first cold 
peak with a period of 10,000-100,000 yr should occur 
4,000 yr AP (after present). ACLIN 1, but not ACLIN 2, pre- 
dicts an amelioration around 15,000 yr AP followed by a cold 
interval centred around 23,000 yr AP. This agrees with the 
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prediction of Berger et al.” and Imbrie and Imbrie”. A major 
glaciation, comparable to stage 4 of the last glacial cycle, is 
indicated at 60,000 yr AP. 

Our approach can predict at best only a very approximate 
general framework of gross climate changes. Detailed climate 
reconstructions or predictions will have to consider interactions 
of orbital perturbations with changing solar activity and with 
natural and manmade variables of terrestrial origin. 
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A carbon budget for overfishing off Peru 
John J. Walsh 


Oceanographic Sciences Division, Brookhaven National Laboratory, Upton, New York 11973, USA 





The rise and collapse of the Peruvian anchovy fishery between the 1950s and the 1970s was accompanied by marked 
changes in the fluxes of a carbon budget for the upwelling ecosystem. 





THE anchovy harvest off the coast of Peru increased from 
700,000 tonnes yr™' in 1958 to a maximum of ~ 12 million 
tonnes yr`' in 1970, but then declined precipitously to ~ 2 
million tonnes yr”! in 1973 and to ~1 million tonnes yr’ 
between 1977 and 1979. The collapse of the anchovy fishery, 
located in the upwelling ecosystem off the coast of Peru, is 
attributable to overfishing and the diminished survival of 
anchovy larvae during warm-water intrusions (El Ninos) 
southwards along the coast of Peru in both 1972 and 1976’. 
The very large yield of anchovy (Engraulis ringens) in the 
heyday of the fishery is usually attributed to high primary 
production in the upwelling system and the high efficiency of the 


food chain in which the commercial fish feed directly on phyto- 
plankton. In reality, there has been debate*’ for more than a 
decade about the relative importance in the maintenance of the 
anchovy stocks of the short food web (phytoplankton > 
anchovy) with ~ 10% ecological efficiency and of a longer food 
web (phytoplankton > zooplankton > anchovy) with efficiency 
of ~ 1% but functioning over an area perhaps 10 times as great. 
A primitive simulation? of the daily nitrogen flux through the 
Peruvian upwelling system suggested that the longer and more 
widely spread food-web might be more important during the 
strong winter upwelling off Peru. A clearer understanding of the 
trophodynamics of the upwelling system is now possible by 
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Fig. 1 A budget for the flux of carbon (g C m`? yr™') through the Peru food web: a, before (~ 1966-69) and b, after (~1976-79) overfishing 


of anchovy. 


examining the annual carbon budgets before and after 
overfishing, in the periods 1966-69 and 1976-79 respectively. 
The 1966 primary production data (Table 1) are high because 
they were collected while the ship was drifting within a high 
chlorophyll area at the shelf-break*. The March-April 1976-77 
data are low because repeated time series stations were taken 
within a low chlorophyll area near the coast’. Other data in 
Table 1 were averaged from transects taken across the shelf. 
High chlorophyll and abundant anchovy eggs are found within 
50 km of the coast’, suggesting that a combined productivity 
average of this region is a reasonable estimate of the yearly 
carbon input to the Peru upwelling food chain. At a rate of at 
least 3g Cm™? day ~ (X =4gCm” day ~ in Table 1), the 
annual primary production is a minimum of ~ 1,000 gC m~? 
yr off Peru (see Table 2) in contrast to ~ 200-500 g Cm™ yr™! 
for shelf ecosystems at higher latitudes’. 

An upwelling zone of ~ 50 km offshore width, extending 
along the Peru—Chile coast of ~ 2,000 km length (4—22°S), anda 
peak fish catch of 10 million tonnes yr~' harvested over the 
whole area (1 x 10° km”) suggests a yield of at least 100 tonnes 
km yr~’. Such a harvest was an order of magnitude higher than 
that presently derived from the North Sea, the Mid- 
Atlantic Bight or the Bering Sea*. With a conversion factor of 
0.06 g C= 1 g ww, a harvest of 100 tonnes km~? yr™! (100 g m~? 
yr’) suggests, however, a yield to man of only 6 g C m™ yr“ of 
anchovy off Peru from a primary production of at least 
~ 1,000 g C m`”? yr7'. As man was the major consumer of the 
anchovy during its peak and declining yields, this harvest may be 
a reasonable estimate of fish secondary production over the 





whole region. It suggests a food chain efficiency of < 1% before 
the fishery collapsed. The yield from the anchovy fishery in 
1976-79 was ~ 1 million tonnes yr™', or an implied food chain 
efficiency to man of only 0.1% after overfishing if the catch then 
also approximated secondary production of the anchovy. 

The same maximum estimate of secondary production, taken 
from a 90% smaller upwelling region, would represent a larger 
yield to man per unit area—a greater implied food chain 
efficiency. For example, if most of the peak yield had beer 
derived only from the area of high anchovy egg and larvae 
abundance’, north of Callao on the broad shelf between 6 and 
10°S, then the annual harvest would have been 60 g C m”? yr”! 
of fish before overfishing occurred (Table 2). If the anchovy in 
this area also consumed phytoplankton half the year and 
zooplankton with a growth efficiency of 20% (Table 2) during 
the other half of the year®, the fish yield would then have been 
10% of their food input from this smaller region between 6 and 
10°S. A more detailed carbon budget for the food web off Peru 
may determine the fate of the primary production along 90% of 
the Peru coast before overfishing, if most of the annual yield was 
derived from faculative herbivorous fish within an area of only 
1x 10* km’, 


Carbon budget off Peru o 


Information on oxygen content, particle fluxes to the bottom, 
sea-bed respiration, organic content of the sediments and 
nutrient depletion of the water column aid in the construction of 
a more complete carbon budget before (Fig. la) and after 
overfishing (Fig. 1b). Previous analysis of the demersal part of 
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the nearshore food chain before overfishing suggested that the 
input of carbon to the bottom consisted mainly of faecal pellets 
rather than phytodetritus*. In terms of carbon consumption, the 
decomposition of the faecal pellets could be attributed to 
caprophagy and/or bacterial activity in both the water column 
and sediments. Additional calculations’ had indicated that the 
oxygen demand of this detrital carbon flux was such that most of 
the faecal pellets could be remineralized within the upper 60 m 
of the water column. After overfishing and the decline of grazing 
pressure from adult anchovy, however, a large flux of phyto- 
detritus may have sunk out of the water column when nutrient 
depletion occurred at the edge of the shelf. 

The estimate for bacterioplankton production (Table 2) from 
consumption of faecal pellets within the upper part of the water 
column before overfishing (Fig. la) was obtained from a steady- 
state budget of the vertical decline of oxygen at 15°S in 1966-69; 
4.5 ml O, l`! above 20 m and 0.5 ml O,1"' below’. As a result of 
oxygen depletion in upwelled source water during March to 
April 1976, 1977 and 1978, however, the average O, concen- 
tration at 15°S was ~ 1 ml O, 1”' in the upper 20 and 0.5 ml O, 
I below, that is a vertical gradient of ~ 0.04 ml O,17' m`’ after 
overfishing in contrast to 0.4 ml O, l’ m`’? a decade earlier. The 
local production of aerobic bacteria was thus estimated to be an 
order of magnitude less (Table 2) in the low chlorophyllic 
surface waters of the second carbon budget (Fig. 1b) with the 
remaining detrital carbon then sinking to where more deni- 
trification® occurred in deeper water and sulphate reduction? in 
the bottom sediments. 





Table 1 Mean daily primary production in Peru Shelf waters from 
1966 to 1978 








Year gCm?day™! (N) Month Area Ref. 
1965 6.3 (15) March-April 1S°S 35 
1969 52 (32) March-April ISS. aS 
1969 1.3 (12) June 10-15°S) 4 
1974 4.5 (5) February-March 7-8°S 19 
1975 3.8 (5) March~May 6-12°S 36 
1976 Buz (4) August-September 10-15°S 1 
1976 1.7 (29) March-April 55S. 35 
1977 1.9 (43) March-April 15S -35 
1977 7.3 (10) November 9-10°S 18 
1978 4.3 (30) March-April 15°S -35 
X =3.95. 


The aerobic carbon production of the benthos before 
overfishing (Fig. 1a) was estimated from both P/B estimates and 
bottom respiration measurements at 15°S in March to April 
1969-°. The mean macrobenthos biomass across the shelf in 
1969" was 0.5 g C m”’, suggesting a secondary production of 
0.5 gC m~™ yr™' (Table 2) and an ingestion demand of 5.02 C 
m`? yr~! from a P/B ratio of 1 and a growth efficiency of 10%. 
Approximately 20% of the measured ~ 25 g C m™ yr! bottom 
respiration’? might thus be due to macrobenthos off Peru in 
1969. The rest is attributed to micro- and meio-benthos as in the 
bottom metabolism of other shelves !?:!°, 

The total input of carbon to the shelf bottom before 
overfishing (Table 2) is similar to a flux of 88 gC m°? yr™! at 
50m measured with floating sediment traps on the narrow shelf 
at 15°S in 1977’. If a higher sinking loss was applied (without 
other losses) to an early model of the nearshore Peru upwelling 
system’*, the predicted amount of downstream chlorophyll in 
the offshore region was less than that observed. The nearshore 
area at 15°S contained the same amount of low chlorophyll 
(<2pg1°') during 1966, 1969, 1976, 1977 and 1978, as that 
found inshore at 10°S during 1960-69 and 1976-77, suggesting 
that an estimate of a sinking loss of only 10% of nearshore 
primary production is reasonable, as higher phytoplankton 
biomass is found downstream, that is, offshore. 

The production of the benthic food web after overfishing (Fig. 
1b) was first estimated from sulphate reduction estimates of 
90gCm“’yr™' for anaerobic metabolic demand at 15°S in 
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surface sediments’. The sulphur bacterium, Thioploca, was 
found on the bottom in large numbers along the whole Peru 
coast during 1976, and the near bottom oxygen concentration at 
15°S on the 100-m isobath was <0.1 mi O 1 in 1976-77, 
compared with ~0.2-1.0 ml O, 17’ in 1969. The content of the 
secondary nitrite maximum increased from 3-6 wg-atom 
NO, 1" in 1966-69** to 14 ug-atom NO, I”! in 1977°. Similarly 
no sulphate reduction was detected in the water column in 
1969°° at 15°S, whereas H,S was found there in March to April 
1976" and at 8-9°S during November 1977'*. Based on an 
average 1977 meio-benthic biomass of 0.6 g C m™ across the 
shelf” and a P/B ratio of 4/1 reflecting a higher turnover rate of 
these small organisms, the secondary production of the meio- 
benthos might have been 2.5 g C m° yr7! (Table 2), 28% of the 
sulphate reduction estimate of microbial production. Quan- 
titative macrobenthic data are not available for 1976-78 but 
their biomass and production (Table 2) were then presumably 
smaller because more extensive anoxic conditions occurred on 
the Peru shelf. 

As the primary electron acceptor in the oxidation of organic 
matter in the sea is oxygen, then nitrate in the process of 
denitrification, and finally sulphate reduction, the above 
sequence suggests that a larger than normal organic loading to 
the bottom of the shelf and upper slope had occurred by 
1976-77 (Fig. 1b). The total detrital flux from the water column 
after overfishing in 1976-79 is, in fact, estimated (Table 2) to be 
70% of the 1,000 g C m`? yr”! primary production. After the 
1976 El Nino, such a detrital loss (Fig. 1b) is almost an order of 
magnitude larger than that estimated for 1966-69 (Fig. 1a), but 
similar to an estimate of 64% detrital loss’? in 1974 at 7-8°S 
after the 1972 El Nino. Within the geological record, a 10-fold 
increase in sedimentation rate is associated with a doubling of 
the organic carbon content of the sediments’. If the above 
carbon budgets are correct, a similar process may have occurred 
off Peru from 1966-69 to 1976-79. 

The distribution of organic carbon in the surface sediments 
(Fig. 2) suggests that before overfishing in 1968 and 196911212? 
the sediment carbon off Peru increased both seawards at the 
slope and polewards. Without consideration of changes in food 
chain dynamics, a primary production rate of 1,000 g C m~? yr’ 
and a previous sedimentation rate of 0.1 cm yr7! can be cal- 
culated*° as a carbon accumulation rate within the sediments 
of 114gC m`? yr“! off Peru, that is similar to that from the 
carbon budget before overfishing (Table 2). The location of the 
2% carbon isopleth in the sediments of the wide shelf north of 
Callao in 1968-69 (Fig. 2) also suggests that less carbon used to 
be lost from the water column at 10°S than 15°S. These spatial 
trends continued after overfishing in 1976 (C. Delgado, L. A. 
Flores and G. T. Rowe, unpublished data) and 19771823, but the 
carbon content of the surface sediments may have doubled 
recently. The same primary production and a sixfold increase in 
sedimentation rate (Table 2) lead to an empirical carbon accu- 
mulation rate’ of 684 g C m`? yr~’ in the sediments compared 
with that of 591 g C m~? yr”' estimated from the overfishing 
budget (Fig. 1b). 

At 15°S, 4.5% carbon was the highest surface sediment value 
observed on the shelf in March to April 1969!', but 10% carbon 
was found at the same stations with the same methods in 1976. 
Furthermore, within 22 cores taken across the 15°S Peru shelf 
and slope in 1977-78, the mean subsurface C/N value at 50 cm 
depth of these cores was 7.76 compared with 7.53 in the surface 
sediments, suggesting little diagenetic change**. However, the 
mean % carbon was 2.89 at 50 cm depth and 4.82 at the surface, 
implying a recent increase in carbon flux to the sediments that 
could have occurred within the past decade. Inadequate spatial 
sampling means that areas of high organic content may have 
been missed in these 1968-78 surveys, but the horizontal, 
temporal and vertical trends of the sediment carbon data are at 
least consistent with the carbon budgets of the water column. 
The first carbon budget (Fig. la) for the food web before 
overfishing may be most applicable to northern Peru waters 
during 1966-69. The second budget (Fig. 1b) may instead reflect 
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the food web both before overfishing off southern Peru and 
afterwards off northern Peru. 

The predicted change in dominance of pelagic and demersal 
fish species after overfishing (Fig. 1b) reflects the decline in these 
budgets of anchovy ingestion demands on both phytoplankton 
and zooplankton®. The increase of zooplankton biomass after 
the 1972 and 1976 El Ninos was mainly in the standing stocks of 
omnivorous euphausiids''*®, In contrast, there was little 
apparent change in their biomass after the 1957 El Nino”*, when 
the anchovy fishery was just beginning. The sardine, Sardinops 
sagax, and hake, Merluccius gayi, both eat zooplankton off Peru, 
suggesting that the stocks of these fish should also increase after 
the anchovy decline. Similar changes occurred in demersal 
species abundance within the North Sea after the pelagic fish 
stocks were overfished*®. 

Following the 1976 El Nino, sardine indeed constituted 
~67% of the pelagic yield of 1.5 million tonnes yr™' in 1977. 
During 1978 and 1979, the catch of mackerel, sardine, pipefish, 
and horse-~mackerel was still ~ 50% of the total pelagic yield of 
1-2 million tonnes yr~'. Furthermore, the potential demersal 
yield of ‘virgin’ hake stocks was estimated to be 0.75 million 
tonnes yr‘ after the 1972 El Niño”. This is similar to the change 
predicted in the second carbon budget (Fig. 1b) of a yield of 
0.71 g C m”? yr" or 1.2 million tonnes yr~! of demersal fish 
along the whole coast (1x 10° km’). Despite restrictions in 
fishing, however, the same amount of plankton was not 
consumed by euphausiids, sardine, mackerel and hake in 1976 
as by anchovy in 1966. Instead, the oxygen content of the 
euphotic zone and sea bed has since declined, the nitrite and 
sulphide content of the water column increased, and the organic 
content of the bottom sediments also apparently increased after 
overfishing. 


Nitrogen mass balance for carbon fluxes 


If 10° tonnes km~ yr7! of anchovy had been produced on the 
wide shelf north of Callao (1 x 10* km?) and 10? tonnes km~? 
yr™' along the rest of the coast (9x 10* km’), the combined 
secondary production of 19 million tonnes yr before 
overfishing is the same as that originally estimated in 19697". 
The carbon budget for the Peru food chain after overfishing (Fig. 
16) is thus a more reasonable description of the food chain along 
most of the Peru coast before and after overfishing with the 
exception of the 6~-10°S area. If this second budget did apply to 
15°S during 1966-69 (before overfishing), then about half of the 
daily production of phytoplankton was always lost as sinking 
detritus to the _ Upper slope after nutrient depletion within 
offshore waters** rather than cropped inshore by zooplankton 
and anchovy**’. Annual carbon budgets of the shelf food webs 
of the Mid-Atlantic Bight’, the Gulf of Mexico and the Bering 
Sea similarly suggest that ~50% of their primary production 
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Fig. 2 The distribution of % organic carbon in the surface sediments along the Peru coast in a, 1968-69, N 
N = 56. 
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Table 2 Changes in annual carbon fluxes of the Peru upwelling 
ecosystem between 1966-69 and 1976-79 


ae tery wren rr REN otter tbat 


1966-69 (Ref.) 1976-79 (Ref.) 


(gC m™ yr!) (gC mm? yr74) 
Primary production 1570* (4,35) 1351* (1,35, 18) 
Copepod production 1007 1007 
Euphausiid production 2251 St 
Anchovy yield 60*+ 6*t 
Sardine yield 0.4* 4* 
Hake yield 0.05t 0.7* (27) 
Bacterioplankton production 2157 (7) 227 
Microbenthic production 2* (10) 9*+ (9) 
Meiobenthic production 2.5*+¢ (9) 
Macrobenthic production 0.5*t (11) 0.17 
Detrital carbon production 320T (4) 7207 
Sinking loss 105+ 698T 
Sediment storage /export 827 5917 





* Measured: t calculated, 


may be exported to the continental slope as phytodetrital carbon 
from these shelves, thus constituting a major organic sink of the 
global CO, budget”, 

An annual detrital carbon loss of ~ 500 g C m™ yr7 at 15°S, 
and a C/N ratio of 5/1 implies that the particulate nitrogen 
export in the form of detritus is 100 g N m~* yr7? 
~ 1g Nm’ yr“' in the form of fish yield (Fig. 15). To maintain a 


nitrogen mass balance in an annual steady state of the food web 


on this Peru shelf, ~ 100 g N m° yr! of dissolved nitrogen must 
at least be returned to the shelf to replace the detrital and fish 
nitrogen loss. Furthermore, an annual primary production of 
~ 1,000 g Cm™ yr“ at 15°S requires 200 g N m`? yr™', 40% of 
which could be supplied by uptake of ammonium from nitrogen 
recycling” and 60% by physical input of nitrate from upwelling, 

because river runoff is negligible**. An estimate of the nitrate 
supply can be made with a simple budget, 5NO,/8= 
w6NO,/6z, using an average. upwelling rate, w, of 10 m day’ 
and an observed vertical nitrate gradient of 5 mg-atom NO; m” 
over the 50-m depth interval of the nearshore upwelling region 
off Peru; this daily flux sums to 5gNO, m° yr’. Over a 
20-30-m euphotic zone, such an input of 100-150 g NO, m`? 
yr’ would be sufficient to balance the ‘new’ nitrogen demands”? 
of photosynthesis, fish removal and detrital loss from the shelf at 
19S; 





Similar to recent changes in North Sea herring stocks”*, a 90% 


decline of anchovy production from 60 to 6g C m”? yr? off 


northern Peru as a result of overfishing, however, would lead to . 


_a much larger absolute change in the detrital carbon (nitrogen) 
flux at 10°S (a A of ~500 versus ~20 gC m™ yr’) than a 
similar percentage reduction from 6.0 to 0.6gC m”? yr” at 


6°? 
12° 
“Ney ies 
78° 70° 86° 78° 70° 
= 63; b, 1976, N 


= 97; c, 1977 


, in contrast to 
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15°S. The subsurface flow of water off Peru is to the south at 
~ 1-5 cms”! within the Peru—Chile undercurrent at the edge of 


the shelf. With these differences in area, food chain efficiency, . 


and yield, the total poleward, or downstream, detrital load of the 
Peru system could have approximately doubled after overfishing 
of the anchovy stocks between 6 and 10°S. Thus part of the 
apparent bottom carbon transient after overfishing at 15°S, that 
is, a doubling between 1968 and 1978 could be the result of 
sinking detritus advected south within the Peru-Chile under- 
current. If the 1966-69 anchovy grazing pressure were reap- 
plied to the shelf ecosystem at 6-10°S, presumably the upstream 
source of phytodetritus would decline, and the per cent sediment 
carbon at 15°S might also decline if the accumulated surficial 
bottom carbon were oxidized or further exported to the 
continental rise?**°. Based on *'°Pb dating, cores taken at 
186-370 m depth between 11 and 13°S in June 1977 suggest a 
sedimentation rate of 0.05-0.16 cm yr"! off northern Peru”’, 
whereas cores taken at 82-250 m depth near 15°S in February- 
March 1978 indicate a rate of 1.1-1.2cm yr™' off Southern 
Peru”. 


Conclusions 


Although the estimates in these carbon budgets are question- . 


able it seems that most of both the larval survival and harvest of 
adult anchovy used to occur within a 10% area of the Peru shelf. 
This is about the same per cent area of the Bering Sea from 
which most stocks of the Alaska pollock are harvested’. The 
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larval survival by nature off Peru’. The decline of anchovy 
grazing pressure has apparently led to increases in plankton 
biomass, increased stocks of sardine and hake, increased carbon 
loading and sulphate reduction at the ‘downstream’ sea bed, and 
a decline in oxygen and nitrate content of the water column. 

Although the anchovy fishery of the Peru upwelling ecosys- 
tem was one of the world’s most ‘studied’, ‘advised’ and 
‘managed’ coastal resource, societal conflicts led to its possible 
demise. Along the whole coast, the fish yield may now be only 10 
tonnes km™ yr™', similar to that from the Mid-Atlantic Bight, 
North Sea and Bering Sea despite a three- to sevenfold higher 
primary production off Peru. Future studies will determine 
whether after these changes in carbon export, the carrying 
capacity of this system with respect to living resources will 
remain at present level. It is possible that the Peru upwelling 
ecosystem will either return to the same level of secondary 
production before 1972, or maintain the present decline in food 
chain yield such that the greater export in the form of detrital 
carbon rather than of fish carbon will continue. 
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In vivo sequence requirements of the 
SV40 early promoter region 
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To investigate the sequences necessary for proper initiation of transcription of SV40 early genes, we have constructed several 
deletion mutants in the promoter region. The TATA box region is apparently involved in fixing initiation precisely within a 
narrow area, but is dispensable for gene expression, while the sequences located more than 150 base pairs upstream are 
indispensable. 





IN eukaryotic systems, the identity and even the existence of the 
DNA sequences which function as promoters for RNA poly- 
merase B are as yet uncertain. DNA sequences of eukaryotic 


genes (see refs 1,2 for reviews) and their adjacent regions 
nevertheless contain an A+T-rich region, typically 
S5'TATALA13’ at a strongly conserved distance 30 base pairs 
from the nucleotide coding for the first base of the mature 
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mRNA, called the cap site and presumably the point at which 
transcription begins’. The A+T-rich region, known as the 
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Fig.1 a, Scale in SV40 map units (above the line) or in base pairs (bp), the latter according to the numbering system’? of Reddy et a/.*! modified to take into account a 


previously overlooked 17 base pairs*’. b, Physical map of the SV40 early promoter 


region in the pSV 1 recombinant", and schematic representation of the deletions 


present in some of the mutants analysed in this study. SV40 sequences are represented by a solid line, pBR322 sequences by a dashed line. Sal, Hind, Eco, Pvu, Bgl, 
Hinf, RH and Taq represent sites for restriction enzymes Sall, HindIII, EcoRI, Poull, Bg! 1, Hinfl, EcoRI and Taqi, respectively (only the relevant sites are shown). 
Eco (Hpalt) indicates the EcoRI site of pSV 1 created by the blunt-end ligation of the repaired $V40 Hpall site into the repaired EcoRI site of pBR322'>. The position 
of the 5° ends of wild-type SV40 early mRNAs are shown by vertical lines, followed by a horizontal arrow which indicates the direction of transcription [+1 
corresponds to the first cap site at position 5,172 (refs 19, 20)]. The position of ATG translation initiation codon is shown next to the restriction site Hind 2. The small 
solid box indicates the position of the TATA box (position ~21 to ~27 from position +1). Large boxes represent the 72-base pair repeats I and II, and the dashed areas 
within correspond to the G + C-rich blocks. The three small dashed boxes are the shorter, G + C-rich repeats (see Fig. 2a). The position of the deletions in mutants 
P1A and AS is shown under the Bg/I site. Horizontal arrows define the extent of the deletions, as determined by DNA sequence analysis, in representative HS and PS 
mutants. For the construction of PLA, pSV1 was linearized by partial cleavage with Bg/l (there are three Bgl I sites in the pBR322 portion of pSV1 along with the 
unique site of interest in the SV40 moiety). The Bgl I 3'-protruding extremities were removed with Escherichia coli DNA polymerase I (Biolabs), and the plasmids 
circularized by blunt-end ligation with T4 DNA ligase. P1A was isolated by screening recombinants for the absence of the Bgll site in the $V40 sequences. The 
deletion in P1A led to the generation of a SacH site at this position. We took advantage of this unique site to cleave PIA by Sacll, and, by the same procedure as that 
used for construction of P1A, isolated the mutant AS. To construct the mutants of the PS series, pSV 1 was linearized at the unique EcoRI site, and treated with Bal31 
nuclease (BRL)'*:** to remove up to 200 base pairs from the extremities thus generated. The DNA was then treated with Sall and ligated to an Eco RI-Sal I fragment 
from pBR322. Selection of tetracycline-resistant bacteria allowed the isolation of mutants bearin g deletions on the $V 40 side of the Eco RI site only. The construction 
scheme of HS mutants has been reported in detail previously". 


Goldberg—Hogness or the TATA box, has been regarded as a 
promoter sequence analogous to the Pribnow box sequence of 
prokaryotic organisms. Nevertheless, genes (such as those 
coding for papovavirus late function and adenovirus-2 
72,000 molecular weight (72K) DNA binding proteins)** 
lack the TATA box, so that its proposed function remains 
conjectural. 

Using in vitro transcription systems that allow RNA poly- 
merase B to transcribe cloned DNA templates™®, the TATA 


Fig. 2 Sequence of the SV40 deletion 
mutants. The sequence corresponds to the 
DNA non-coding strand of the early a 


box has been shown to be involved in promoter function in 
vitro™ "1? but in vivo studies suggest that these results should be 
extrapolated with caution. Thus for SV40 early genes, we and 
others'*"'* have shown that removal of all sequences upstream 
from the cap site, but not the mere removal of the TATA box", 
abolishes expression. Similarly, the TATA box is not essential 
for expression of the sea urchin histone H2A gene injected into 
Xenopus oocytes although its absence leads to the use of several 
new cap sites'®. 
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pSV 1, and is identical to that of wild-type 
$V40 strain 776774043, except for an 8- 
base pair deletion (positions 116-108, see 
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text). The numbering system is as in Fig. 1. a 
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deletions was established for all mutants 
by DNA sequencing except for mutants 
HS102, HS40, PS2 and PS359, where the 
size (+8 base pairs) of the deletions were 
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estimated by gel electrophoresis after BAAAGTCECCAGGCTCECCAGCAGGLNGAAGTATGCAAAGCATGCATE CAAT IAGTCAGCAAE cATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAR 


Hind digestion. Sequences were 100 EcoR Tl 
obtained by the technique of Maxam and 
Gilbert?! after S’-end labelling at the 
Hindili site 2 (Fig. 1) and secondary 
cleavage with EcoRI (PLA, AS and HS 
mutants) or by end labelling at the HindIII 
site | and secondary cleavage with Bg/l 
(PS mutants). The exact sequence of some 
of the mutants is shown in Fig. 6a. 


CTCCOECCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTITTT CAGAGGCCGAGGCCEGCCTCGGCCTCTGAGCTATTCCAGAAG. , . 3’ 
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Fig.3 Mapping of the 5’ ends of SV40 early mRNAs present in several rat 
(3T3) fibroblast transformed cell lines (see text}. Cytoplasmic RNA was 
extracted from such cloned cell lines by NP40 lysis and phenol-chloroform 
extraction, and poly(A)” RNA selected by oligo(dT)-cellulose chromato- 
graphy. a, Mapping by reverse transcriptase primer extension. A Hinfl- 
HindIII primer (positions 5,070-5,107, Fig. 1) °?P-5'-end labelled at its Hinf 
extremity, was purified by electrdphoresis on an 8% acrylamide/7 M urea 
gel. It was then denatured in H,O for 2 min at 100 °C, quick-frozen in liquid 
nitrogen and thawed in 50mM Tris-HCl pH 8, 10mM MgCl, and 
140 mM KCI in the presence of poly(A)’ RNA (2-5 ug). After $ min at 
65 °C dATP, dGTP, dCTP and TTP (0.5 mM each) and 8- mercaptoethanol 
{20 mM) were added and the samples were incubated for 2 h at 37 °C in the 
presence of 4 units of reverse transcriptase. Samples were diluted to 
0.1 M NaOH, 3 mM EDTA and 5 M urea, and aliquots electrophoresed on 
8% acrylamide/7 M urea thin gels**. RNAs were from cell lines transformed 
with wild-type $V40 or recombinant mutants as indicated. ‘M’ is a sequence 
ladder obtained by Maxam and Gilbert?’ cleavage (A + C) of a Hinfl-EcoRI 
fragment of pSV 1 (positions 5,070-282) end labelled at its Hinfl extremity. 
The positions of the ‘5’-end bands’ are given in Fig. 6 legend. Aside from the 
major cap sites, a few other bands can be seen (see lanes 2 and 3, for 





example} that probably correspond to reverse transcriptase ‘false stops’ as they are not obtained by S, mapping. b, S, nuclease mapping of the 5’ ends of the RNAs (as 
indicated). The coding strand of SV40 fragment EcoRI G (positions 5,027~99) was 5’-end labelled and purified by polyacrylamide gel electrophoresis as described in 
ref. 21. After denaturation for 5 min at 85 °C, the probe was hybridized to RNAs (1-3 pg) from transformed cell lines for 12 h at 42 °C in 50% formamide, 10 mM 
PIPES pH 6.4 and 0.4 M NaCl. Digestion with S, nuclease (Miles) and subsequent steps were as in ref. 45.§,-resistant hybrids were analysed by electrophoresis on an 
8% acrylamide/7 M urea thin gel. M, and Mg: sequencing ladder from an EcoRII/Bgll (5,027-5, 177) cleaved by the technique of Maxam and Gilbert 
[M,, 4+C; My, C+T]. Arrows 1-7 indicate the common bands found with RNAs from all lines transformed with HS mutants lacking the TATA box (positions 
5.134, 5,127, 5,124, 5,117, 5,112, 5,103 and 5,085), The ‘O’ bracket shows the area where initiation varies from one mutant to the next (see text). The ‘UP’ band 
corresponds to RNA species initiating upstream from the position of the deletion (see text). c, Same as b, where a longer exposure reveals the presence of bands 1-4 
and 7 obtained with HS4 RNA (arrowheads), but not with SV40 RNA. Numbering of lanes as in b. 


The $V40 early gene products (small t and large T antigens), 
which initiate viral DNA replication in permissive monkey cells, 
stimulate various host cell functions and transform non-permis- 
sive systems (see ref. 17 for review), are coded for by different 
mRNAs derived from a common primary transcript by different 
splicing patterns, and have identical 5’ and 3’ ends'*'’. The 
major 5’ ends of SV40 early mRNAs map at a few closely 
positioned cap sites, around positions 5,165 and 5,171 on the 
SV40 sequence (refs 19, 20; see also Figs 1, 6). Upstream from 
the cap sites are located, successively, a 27-base pair palin- 
drome, a TATA box (TATTTAT, at position ~21 to —27 base 
pairs from the most upstream of the cap sites), a nearly perfect 
triple tandem of a highly G+ C-rich 21-base pair sequence, and 
a perfect tandem repeat of a 72-base pair sequence (—116 to 
~188 and —189 to —261 base pairs from the cap site) (see Figs 
L2) 

We have previously reported’? that T-antigen synthesis can 
be induced by mutant plasmids containing an $V40 early region 
from which the TATA box has been deleted. We have now 
analysed the 5’ ends of RNA species synthesized on such mutant 
templates, and conclude that initiation at the wild-type cap sites 
requires the presence of the TATA box. In the absence of the 
TATA box, transcription begins at several new sites. Moreover, 
we find that the expression of the SV40 early genes is severely 
impaired by deletions in the region of the 72-base pair repeats, 
which accordingly seems to have a crucial and independent role 
in initiation of transcription. 


Deletion mutants of SV40 


The mutants described here were derived from the plasmid 
pSV1'°, which contains the entire early gene segment (as the 
large BamHI—Hpall fragment of SV40), cloned into the EcoRI 
site of pB R322. From this, we have constructed three groups of 
deletion mutants (see Fig. 1 legend). After preliminary screen- 
ing by restriction enzyme digestion, the extent of the deletions 
was established (in most cases, see Fig. 2) by DNA sequencing”'. 

The first group of mutants is represented by plasmids P1A and 
AS, with deletions between the TATA box and the cap sites of 3 
and 9 base pairs, respectively (Figs 1, 2a). Figure 1 depicts 
schematically the position of the deletions in the second (PS) and 
third (HS) groups of mutants. Deletions in the PS series share an 
end point at the EcoRI site at the boundary of the SV40 and 
pBR322 sequences in pSV1, and extend progressively further 
downstream towards the early genes. The same pBR322 
sequences are always present at the boundary, which greatly 
facilitates screening and eliminates one source of variability in 


studying the effect of deletions in the SV40 sequence. Deletions 
in the HS mutants all extend upstream from position 5,162 (ref. 
13), and thus delete the cap site and usually the TATA box, 
which is nevertheless left intact in HS0, HS3 and HS4 (Figs 2, 6). 
On mutant sequences, all have an 8-base pair deletion at the 
junction between the two 72-base pair repeated sequences 
(positions 116-108), apparently because the SV40 fragment 
cloned in pSV1 is derived from a variant of SV40 strain 776 
(Fig. 2). 


In vivo expression of SV40 early 


genes in mutant plasmids 


Our demonstration that deletion of all sequences upstream from 
the cap site abolishes SV40 early gene expression’’, shows that 
some sequence element between the TATA box and Hpall site 


Table 1 In vivo expression of the deletion mutants 
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Short-term Long-term 
T antigen-positive 

Plasmids cells per 2 x 10° cells Plasmids Foci per plate 
psvi 105 psvV1 Lae 
AS 72 HS4 11S 
HS4 91 HS2 118 
HS2 78 HS105 12 
HS12 17 HS102* 17 
HS66 15 HS38* 21 
HS40 6 HS111* f 
HS38 8 HS240* 1 
HS111 0 PS214* 15 
PS224 12 PS366* 13 
PS366 0 


Short-term experiments: Plasmid DNA (0.2 pg) was diluted in 200 pl of Dul- 
becco’s modified Eagie’s medium (DMEM), followed by the addition of 200 yl ofa 
Img ml”! solution of DEAE-dextran (Sigma) in DMEM. Sub-confluent CV1 
monkey cells, grown in 60-mm Petri dishes'?, were washed twice with phosphate- 
buffered saline (PBS); the DNA solution was added and, after incubation for 
15 min at room temperature, the cells were washed once with PBS and once with 
complete medium. After addition of medium, they were incubated at 37°C. 
Indirect immunofluorescence was performed 40 h after transfection, essentially as 
described in ref. 39, 10 ul of the antibodies’ being spotted directly on to the cell 
monolayer fixed to the dish with acetone/methanol (3:7 v/v). T antigen-positive 
cells were counted under a fluorescence microscope. Long-term experiments: 
Transformation of non-permissive cells. Fisher rat fibroblasts (FR3T3), grown in 
100-mm Petri dishes'*, were transfected with 1 pg of plasmid DNA, as described 
in ref, 40. Dense foci avergrowing the cell monolayer were counted 3 weeks after 
transfection, Asterisks indicate that foci were counted 4 weeks after transfection 
and that they were checked by immunofluorescence to eliminate foci due to 
spontaneous transformation (5-10 per dish). All the data shown in this table 
represent results obtained in typical experiments. The absolute figures are only 
indicative, however, as they may vary by as much as 50% between experiments. 
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Fig. 4 S, nuclease mapping showing the full extent of the 5’ ends of RNAs 
from cells transformed with HS mutants lacking the TATA box. The 
experimental protocol is the same as that described in Fig. 3b legend (4 pg of 
poly(A)” RNA for $V40 and HS2; HS12, 8 wg; HS66, 38 pg; HS111, 
15 wg): the probe used was the coding strand of the Taql-BgiI fragment of 
$V40 (positions 4,675-5,180), 5’-labelled at its Tag! extremity. $,-resistant 
hybrids were analysed on a 5% acrylamide/7 M urea thin gel. M,: Send 
labelled fragments from a Hpall digest of pBR322 (sizes from top in base 
pairs: 527, 404, 309, 242, 238, 217, 201, 190, 180). Mp: 5’-end labelled 
fragments from a Hinfl digest of SV40. The origin of the RNAs is indicated 
at the top of the lanes. The resolution on a 5% polyacrylamide gel is not 
sufficient to separate the band mapping at the position of the deletion (UP) 
from those immediately below (region O) (see Fig. 3b). Similarly, bands 1-6 
are poorly separated. Bands 7~11 correspond to 5’ ends of RNA species 
mapping at positions (+ 10 base pairs) 5,085, 5,023, 4,985, 4,962 and 4,897, 
respectively. (Only the major bands I-11 are numbered, but a large number 
of more minor cap sites are also present, for example, HS2 RNA, where at 
least 10 such bands can be seen between bands 7 and 11 on the original 
autoradiogram.) 


(position 282, Fig. 1) is essential for transcription. We have 
therefore analysed the in vivo expression of the early genes of 
HS and PS mutants (Fig. 2). 

Two approaches were followed (Table 1). In short-term 
experiments, gene expression was detected by T antigen-specific 
immunofluorescence 40 h after transfection of permissive CV 1 
monkey cells with the recombinant plasmids. In long-term 
experiments, we assayed the ability of the deletion mutants to 
induce morphological transformation of rat 3T3 fibroblast cells 
(tested by the appearance of T antigen-positive dense foci 
overgrowing the cell monolayer). 

In the short-term experiments, HS mutants (Fig. 2a) up to and 
including HS38 induced a T antigen-positive immunofluores- 
cence pattern, with an intensity unaffected by deletion of the 
TATA box (HS2 and 6), but inversely proportional to the length 
of the deletions (HS66, 40 and 38). On the other hand, the 
responses with HS16, 111, 240, 232 and 109 were not unam- 
biguously positive. With the sequence of PS mutants (Fig. 25), 
gene expression was allowed down to those in PS224 and 214, 
but with these two mutants the fluorescence intensity was lower 
than that obtained with the wild-type recombinant pSV1; in 
contrast, PS366 and 359 gave negative results. We have also 
assayed by blot hybridization” for SV40-specific early RNAs in 
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poly(A)” RNA extracted from CV 1 cells 40 h after transfection 
with various plasmids, and have found none in cells when the 
mutants were negative by immunofiluorescence (not shown). 
The sensitivity of such experiments is low, however, and it is 
possible that a low level of transcription (<10% of that obtained 
with pSV 1) occurs with mutants which do not induce T-antigen 
immunofluorescence, oo 

These experiments therefore show that the region of the 
72-base pair repeats (Figs 1, 2) is necessary for efficient expres- 
sion of the early genes. However, morphological transformation 
studies were somewhat more ambiguous. As expected, rat 3T3 
cells were transformed by HS mutants up to HS38, but the 
efficiency of transcription was decreased with mutants such as 
HS40 or HS38. Using RNA blot analysis, we have quantitated 
the amount of early RNAs present in lines of such trans- 
formants. Like Gluzman et a/.’*, we found that the levels of 
these RNAs were higher in cells transformed with mutants 
bearing deletions downstream from the TATA box than in cells 
transformed with pSV 1 (although the increase varied from 2- to 
10-fold with different lines; our unpublished results). These 
levels were not affected by further deletion of the TATA box, 
but decreased with HS mutants bearing longer deletions (not 
shown). However, in contrast to the short-term experiments, T 
antigen-positive transformed. foci were induced by HS111, 
HS240 and PS366, although in reduced numbers (5~10 foci per 
ug of DNA per 10° cells compared with 50-100 for pSV1 and 
short deletion HS mutants) and more slowly (25-30 days 
compared with 10-14 days). 


Transcription initiation on mutants 
retaining the TATA box 


Using both S, nuclease mapping with single-stranded *°P-5’- 
end-labelled probes*’ and reverse transcriptase primer exten- 
sion mapping'” (see Figs 1, 3), we have investigated the 5’ ends 
of SV40-specific RNAs present in cloned rat fibroblast cell lines 
transformed by HS mutants. We believe both types of experi- 
ments to be necessary because of the risk of artefacts, parti- 
cularly with the primer extension method (see Fig. 3 legend). We 
have assigned (Fig. 6a) the major 5’ ends of SV40 early mRNAs 
to positions 5,172, 5,171 and 5,165 (both in RNA isolated 32 h 
after infection by wild-type virus** and in lines transformed by 
wild-type SV40 or pSV1; Fig. 3a and unpublished results). 
However, because results obtained by the two methods often 
differ by 1 or 2 base pairs (compare, for instance, Fig. 3a with 
Fig. 5a of the accompanying paper**), and because of dis- 
crepancies in previous reports (refs 18-20 and Y. Groner, 
personal communication), we do not consider these assignments 
definitive. 

Figure 3a and b give the 5’-end analysis of RNAs transcribed 
from deletion mutants retaining the TATA box. The 3-base pair 
deletion in PIA results in initiation mainly at position 5,165, 
with almost complete disappearance of the two wild-type 5’ ends 
upstream at positions 5,172 and 5,171. On mutants with longer 
deletions downstream from the TATA box (AS, HS0, HS3, 
HS4), transcription begins further down, with the 5’ ends always 
mapping at about the same distance from the TATA box (27-34 
base pairs from the first T, Fig. 6a). This shift seems to be 
independent of the presence (P1A, AS) or absence (HS0, HS3, 
HS4) of the wild-type cap sites. In those mutants which do 
conserve the TATA box, there are very few cap sites. 


Transcription initiation on mutants 
lacking the TATA box 


The clearest consequence of the removal of the TATA box is the 
generation of multiple cap sites, as shown for mutants HS2 and 
HS105 (Fig. 3b). Identical bands (arrows 1-7 in Fig. 3b) were 
observed with all the mutants lacking the TATA box, but with 
varying intensities (see below). Between band 1 and that cor- 
responding to the end point common to all deletions (arrowhead 
‘UP’), patterns varied between mutants (region 0 in Fig. 3b) 
although some cap sites were common to several mutants (Fig. 
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5). We investigated this multiplicity further by S, mapping using 
a single-stranded probe end labelled at the TagI site (position 
4,675, Fig. 1), and found that in the absence of the TATA box, 
initiation occurs up to 270 base pairs downstream from the 
normal 5’ ends (Fig. 4, band 11). These cap sites are not usually 
seen with wild-type SV40 RNA (Fig. 4), but it is just possible to 
detect them using very large amounts of such RNA (not shown). 
As the probes used in the experiments shown in Figs 3b and 4 
were derived from wild-type SV40 DNA, RNA species from HS 
mutants and with their 5' ends mapping upstream from the 
position of the deletion lead to the appearance of a band CUP’ in 
Figs 3b, 4) at that position. With mutants such as HS2 and 105 
these RNAs are relative minor, with most of the initiation 
occurring downstream. 

‘Figure 4 shows the effect of increasingly long HS deletions 
including the TATA box and sequences upstream. Although 
identical bands are found with mutants HS2, 12, 66 and 38, the 
ratio of the intensity of these bands varies, the lower bands 
becoming more prominent with increasing deletion. For exam- 
ple, whereas bands 1~6 are most important in HS2 RNA, they 
are barely detectable in HS38 RNA, while the relative intensi- 
ties of the lower bands 8-11 increase (see Fig. 6b for quan- 
titation). It thus appears (similar results were obtained 
reproducibly in several experiments) that, although identical cap 
sites are shared by various HS mutants, their use is influenced by 
their distance from sequences found upstream from the HS38 
deletion end point. 

HS111 RNA shows a very different pattern, with the disap- 
pearance of the lower bands 8-11 and a relative reappearance of 
the higher bands 1-7; most of the RNA initiates upstream from 
the position of the deletion (‘UP’ in Fig. 4). This ‘UP’ band is also 
intense in HS38 RNA. We investigated the cap sites located 
upstream from the position of the deletion by mapping the 5’ 


Fig. § S, nuclease mapping of 3’ 
ends of RNA species that initiate 
upstream from the position of the 
deletion, in RNA extracted from 
cell lines transformed with HS38 
and HS111. The probes used were 
the Hinf!~EcoRI fragments (5,070- 
282) derived from HS38 and HS111 
DNAs, and 5’-end labelled at their — 
Hinfl extremity. The specific 
activities of the probes were 
different, as were the amounts of 
RNA used (HS38, 2 pg; HS111, 
3.5 ug). M, and HS,,, are 
sequence ladders obtained by (A + 
C) cleavage of the probes, HS38 and 
HS111: the probes were hybridized 
to RNA from corresponding cell 
lines, digested with S, nuclease and 
electrophoresed as described in Fig. 

3 legend. The markers and experi- 
mental tracks are from different 
exposures of the same gel, Positions 
are those on the wild-type SV40 
Sequence (numbering as in Figs | 
and 2) and arrowheads indicate the 
position of the deletion (5,162). ‘O’ 
brackets the region 0 (defined in 
Fig. 3 legend) between the position 
of the deletion and band 1 at posi- 
tion 5,135. Arrows on the right 
indicate the bands obtained with 
HS111 RNA (positions 117, 119, 
120, 135, 144, 151 and 153). These 
bands are observed at identical 
positions with HS38 RNA (arrows 
on the left of the figure; the bands are faint but were clearly visible on the 
Original autoradiogram). Bands obtained with HS38 RNA only are 
bracketed and labelled X. In both HS38 and HS111, a band can be seen 
which corresponds to full-length unreacted probe (dotted arrow ‘P’). That 
this band is not due (at least for HS111) to RNA Species initiating further 
upstream was established by an experiment in which the Hinfl end-labelled 
probe extended for 600 base pairs into the pBR322 sequences (Fig. 1). No 
additional bands were observed in this experiment (not shown), 





ends of RNAs from cell lines transformed with HS2, 105, 66 
(not shown), 38 and 111 (Fig. 5) with probes derived from 
corresponding mutant DNAs. Autoradiograms from experi- 
ments such as those shown in Figs 3, 4 and 5, were scanned and 
the results are summarized in Fig. 6b. With HS2, 105 and 66 
RNAs the ‘upstream’ RNA species are heterogeneous and quite 
minor, their 5’ ends mapping immediately upstream from the 
position of the deletion. For HS111, however, they are of much 
higher relative abundance, and are represented by a set of bands 
(Fig. 5) which correspond to initiation within the 72-base pair 
repeat I (Figs 1, 2). This set of bands is also observed, but at 
much lower relative abundance (Fig. 6b) and with a somewhat 
different distribution of intensities (Fig. 5), with HS38 RNA, 
where most of the upstream RNAs map far into the late region 
(X on Figs 5, 6b). Although very faint bands, perhaps cor- 
responding to the set observed with HS111 RNA, were detected 
in HS2 RNA, no other HS RNAs showed any species equivalent 
to the ‘X’ bands seen with HS38 RNA. 

Although we have assumed throughout that the bands 
obtained in S, mapping experiments correspond to 5’ ends of the 
RNAs it is possible that these bands correspond to the position 
of acceptor sites in RNA splicing. However, multiple splicing 
events would then appear suddenly after the small deletion from 
HS4 to HS2, and the relative use of acceptor sites would be 
further modified by increasing deletions. Splicing can be ruled 
out for RNAs transcribed on mutants which conserve the TATA 
box and for bands 1—4 in the cases where this sequence is absent, 
as these 5’ ends are also found by reverse transcriptase primer 
extension mapping (Fig. 3a and data not shown). Another 
interpretation is that as the RNAs studied are extracted from 
transformed cell lines, some of the bands seen in the S, nuclease 
mapping experiments could have been due to sequence rear- 
rangements or integration behind cellular promoters during 
transformation. As such events are unlikely to occur similarly in 
a number of cell lines transformed by different mutants, this 
objection is probably not valid for bands 1-11 which are found 
with all mutants, nor for the set of bands found in both HS111 
and HS38 RNAs, but may explain the bands found only with 
HS38 RNA, in region X (Fig. 5). 


Function of the TATA box region 


Our studies on the above mutants, in agreement with recent 
reports (refs 14, 16 and Y. Gluzman, personal communication), 
clearly show that the TATA box has a key role in fixing the start 
sites within a narrow area (we assume that the RNA 5’ ends 
correspond to transcription start sites). Deletions in such 
mutants shift these sites so that initiation always occurs 27-34 
base pairs downstream from the first T of the TATTTAT 
sequence (the slight variations in this distance and in the number 
of start sites presumably reflect the influence of the actual DNA 
sequence around the cap site**), 

When the TATA box is absent, new cap sites appear, but no 
TATA-like sequences are found upstream from the cap sites 
(except possibly for band 10, Fig. 4). We hypothesize that 
sequence elements, not obviously related to the canonical 
TATA box sequence, can functionally substitute for the TATA 
box to dictate the position of RNA 5’ ends and might also direct 
initiation 30 base pairs downstream, as the first 5’ end common 
to all TATA-minus mutants (band 1 in Figs 3b, 6) maps 30 base 
pairs downstream from the position of the deletion. In the 
wild-type situation, these substitute elements would be masked 
by the TATA box, which might be recognized more readily by 
RNA polymerase and/or other factors involved in transcription 
initiation. A functionally similar element might be operative in 
polyoma late genes and the gene for the adenovirus 72K DNA 
binding protein, which exhibit a microheterogeneity of mRNA 
5’ ends over a narrow area, but do not have TATA-like 
sequences at the expected position*®. 

The key sequences performing the ‘fixing’ function for initia- 
tion at the major early cap sites must be present in HS4, but 
absent from HS2 (Figs 2, 3). Although the TATA box is 
included in this region, other sequences could influence its 


sneer 


Nature Vol. 290 26 March 1981 


a 


pSV1 - SV40 


Fig.6 Location of the 5’ ends of early RNAs present 

in lines transformed by deletion mutants of pSV1I. a, 

Position of cap sites on mutants that retain the TATA 

box. The sequences of the mutants are shown, aligned PIA 
on the ‘TATTTAT’ sequence (boxed). Arrowheads 

indicate the position of the deletion; the few extra 

nucleotides which originate from the construction of AS 
-HS mutants are underlined!*. Symbols for cap sites are 

as in Fig. 1. Their position was derived from the results 

shown in Fig. 3a and other unpublished $, and reverse 

transcriptase mapping experiments and map at the HSO 
following position: PIA, 5,165; AS, 5.160 and 5,161; 

HS0, 5,154 and 5,155; HS3, 5,149, 5,151 and 5,152; 

HS4, 5,145 and 5,146. As discussed in the text these HS3 
positions are only tentative (+2 base pairs). Only the 

major cap sites are represented, yet, as can be seen in 

Fig. 3a, minor cap sites exist; for example, the HS0 3° 

ends are also present in AS, HS3 and HS4 RNAs. b, HS4 
Position and relative contribution of the RNA 5’ ends 

found with HS mutants lacking the TATA box. 
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function. Indeed, bands 1-4 and 7, characteristic of mutants 
lacking the TATA box, can be detected faintly in HS4 RNA 
(Fig. 3c), but are absent in RNA transcribed on the wild-type 
gene or on HS mutants with shorter deletions. It is as if the 
TATA box in HS4 were beginning to relinquish its dominance, 
an interpretation supported by the relative inefficiency of HS4 
DNA (see accompanying article**) in directing accurate initia- 
tion of transcription in vitro to a site about 30 base pairs 
downstream. 

The deletion of the TATA box does not seem to affect early 
gene expression quantitatively (Table 1). The possibility that 
down mutations would be masked if they eliminated T-antigen 
binding and repression” probably does not apply as the 
T-antigen binding site H is already absent from HS4°°”*. 


Far upstream sequences are required 

for transcription initiation 

The most important element for SV40 early gene expression is 
clearly not the TATA box, for mutant PS366, which has a 
deletion far upstream from the TATA box, transforms rat cells 
very inefficiently and does not induce detectable T antigen in 
short-term experiments, while the expression of various mutants 
in monkey cells indicates that, at least in this system, the 
essential elements lie in the region of the 72-base pair repeats. 
Results obtained with mutants HS38 and PS214 suggest that 
deletion of one of these two repeats still allows transcription, in 
keeping with studies of mutants or variants of SV40 which 
possess only one copy of this repeat (see ref. 29 for refs). 
Although the lower efficiency of mutants HS66 or HS38 (Table 
1) might suggest the involvement of other sequences, such as the 
G + C-rich 21-base pair repeats, this could also be accounted for 
by the position of the 5' ends of RNAs synthesized on such 
templates, downstream from the normal T-antigen initiation 
codon. The results obtained with the PS214 and PS224 are in 


contrast with the aforementioned mutants and variants of SV40, 
whose early gene expression appears normal. This might 
indicate the involvement of sequences even further upstream 
than the 72-base pair repeats, or that pBR322 sequences have 
some inhibitory effect when brought closer to the gene. 

Increasingly long deletions (HS2, HS12, HS66, HS38) affect 
the relative intensities of the common bands 1-11 with a pattern 
(Fig. 6b), suggesting that initiation takes place predominantly at 
a fixed distance (broadly speaking 150-200 base pairs) from 
sequences located upstream from the deletion endpoint of 
HS38. This pattern is drastically altered with mutant HS111, 
which bears a deletion only 12 base pairs longer than that of 
HS38. In addition, HS111 does not induce detectable T-antigen 
synthesis in CV1 cells, whereas HS38 does. There are five sets of 
highly G+C-rich 20-base pair sequences in the early SV40 
promoter region (Figs 1, 2). The G+C-rich sequence of the 
72-base pair repeat II is almost eliminated in HS111, but 
essentially left intact in HS38. We suggest that this sequence is 
involved in controlling the pattern of initiation in mutants HS2 
to HS38; HS111 transcription would then be under the control 
of the same G+ C-rich sequence of repeat I. If this is the case, 
the effect of the G+C-rich sequences must be complex: pre- 
dominant initiation occurs in HS111 only 10-60 base pairs 
downstream from the G+ C-rich sequence of repeat I, whereas 
it occurs ~200 base pairs downstream from its counterpart in 
repeat II, when this is present (HS2 to HS38). The relatively 
constant amount of RNA species initiating in region 0 or 
immediately upstream (Fig. 6b) is also puzzling. 

We have observed that mutants which do not support early 
gene expression in CV1 cells, such as HS111, HS240 and PS366, 
can, albeit inefficiently, nevertheless transform rat fibroblast 
cells. As these transformants could reflect a low level of tran- 
scription, not detected in short-term experiments because of a 
lower sensitivity, we are now investigating the extent of 
sequences necessary for such transformation (bearing in mind 
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the possibility that template rearrangements could be involved; 
see above). 

We do not know how sequences lying more than 150 base 
pairs from the cap sites exert their influence. The structure of 
SV40 chromatin is known to be in a very ‘open’ conformation in 
the early promoter region*”**. Moreover, the chromatin struc- 
ture around the 5’ end of several ‘active’ cellular genes is 
extremely sensitive to DNase I (refs 35, 36 and M. Bellard, 
personal communication). It is possible that the upstream 
sequences somewhow induce this peculiar chromatin structure, 
which in turn would allow the RNA polymerase to interact, 
directly or indirectly, with the TATA box. Alternatively (or 
concomitantly), these sequences could be part of the RNA 
polymerase binding site**, or interact with proteins exerting a 
positive control over transcription. 

Can the organization found for the $V40 early promoter 
region be generalized to other systems? There is no clear 
homology between the SV40 sequence upstream from the 
TATA box and regions upstream from the 5’ end of other genes. 
However, both polyoma early genes (R. Kamen, personal 
communication) and the sea urchin H2A gene (R. Grosschedl 
and M. Birnstiel, personal communication) have sequences lying 
upstream from the TATA box, in a position roughly analogous 
to that of the 72-base pair repeats in SV40, which are essential 
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for gene expression. Thus, it is possible that sequence elements 
will be found in other genes that have an analogous role to that 
of the 72-base pair repeat region in $V40. 

In conclusion, if a eukaryotic promoter region is defined as 
being composed of all the sequences necessary for proper 
initiation of transcription in vivo, the SV40 early promoter has 
(at least) three components: the TATA box and cap site regions 
which accurately position initiation of transcription, and the 
sequences in the region of the 72-base pair repeats which allow, 
within the area they potentiate, initiation of transcription and 
TATA box function. The requirement for the far upstream 
sequences, which have no counterpart in prokaryotes, may 


reflect the importance of chromatin structure in the control of 
gene expression in eukaryotes”, 
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The SV40 early region TATA box functions in vitro to fix initiation of transcription within a narrow region identical to that 
in vivo. In the absence of the TATA box region initiation occurs at multiple specific sites, as in vivo. However, certain 


sequences far upstream, crucial for efficient in vivo expression, are not essential in vitro. 
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THE development of cell-free systems allowing selective and 
accurate initiation of transcription by RNA polymerase B (ID)'? 
has given a new impetus to studies of the control of eukaryotic 
gene expression. Viral’? and cellular?’ genes have been tran- 
scribed using either a whole-cell? or cytoplasmic (S100) extract 
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from HeLa or KB cells, and have generally shown close cor- 
respondence between the in vitro transcription start site for a 
given gene and its in vivo cap site (the nucleotide coding for the 
5’-end of the mature mRNA). 

This apparent fidelity has allowed the use of a HeLa cell-free 
system to delineate the DNA sequences required for specific 
RNA polymerase B initiation. Corden and co-workers” have 
reported that the DNA segment 12-32 nucleotides upstream 
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Fig. 1 Maps of the cloned 850-base pair SV40 Hpall-Tag] fragment. a, 
Relevant restriction enzyme sites. The SV40 sequence has been numbered 
according to the system proposed in ref, 12. Note that for our SV40 strain the 
Hpall-Tagl fragment lacks 8 base pairs which include an EcoRI] site 
(nucleotides 108-116)'*. The arrowed lines indicate the approximate size of 
expected run-off fragments (see Fig. 2). b, Location of mutant deletions and 
delineation of important functional elements. A more precise description of 
the mutants can be found in ref. 13. The major late cap site is that mapped by 
Ghosh and co-workers’*; the major early cap sites were assigned according 
„to refs 20 and 21, the accompanying paper’? and data within this paper. +1 
corresponds to the early cap site at position 5,172. The stippled boxes 
represent the 72-base pair repeats. c, Sequence around the TATA box and 
wild-type cap sites?’. The arrows indicate the deletion end points for mutants 
HS2? and HS4. The boxed nucleotides are those included in a 27-base hairpin 
around the Bgil site. 


from the cap site of the adenovirus 2 (Ad-2) major late tran- 
scription unit suffices to promote specific initiation in vitro; 
similar results were obtained with a DNA segment 10-44 base 
pairs upstream from the conalbumin gene cap site’. These 
segments share the sequence 5’-CTATAAAAGGGG-3’, which 
includes the TATA or ‘Goldberg~Hogness’ box (underlined) 
thought to be involved in promoting specific initiation, because 
it is conserved before the 5’ end of most RNA polymerase 
B-transcribed genes®”. Moreover, specific RNA polymerase B 
initiation is essentially abolished on mutants with deletions 
involving the TATA sequence’, and when the conalbumin gene 
TATAAAA sequence is mutated to TAGAAAA, specific in 
vitro transcription is drastically reduced’®. The conclusion, then, 
is that the TATA box has a fundamental role in promoting 
specific initiation by RNA polymerase B, at least in vitro using 
naked DNA templates and HeLa cell-free extracts. 

Two studies cast doubt on whether the TATA box has an 
identical role in vivo. Deletion of the TATA box does not 
abolish transcription of the sea urchin H2A histone gene in 
Xenopus laevis oocytes'' nor that of the $V40 early region in 
mammalian cells'*'’, but instead generates a new set of start 
sites. One might argue, of course, that these genes have atypical 
promoters—the histone genes are preceded by extensive A + T- 
rich ‘spacer’ regions and the $V40 early region TATA box is 
embedded in a highly A + T-rich region (S'-TAATTTTTTT- 
TATTTAT-3’). Such sequence organizations are not typical of 
known RNA polymerase B-transcribed genes’, and the H2A 
genes and SV40 early region TATA boxes may not have 
retained their usual function(s). Alternatively, RNA polymerase 
B may not see the TATA box in the same context in vivo as 
in vitro. 

It seems necessary, then, to assess the fidelity of the in vitro 
transcription systems at another level. Do mutations within a 
given DNA segment affect its in vitro and in vivo transcription 
identically? Here we compare the SV40 early region transcripts 
generated in a HeLa $100 extract with those detected in vivo in 
mammalian cells. We first establish that in vitro RNA poly- 
merase B initiates transcription accurately on the early gene 
region, then compare the effects of various deletions in the 
promoter region on initiation in vivo and in vitro. The con- 
struction of these mutants and a detailed study of their in vivo 
expression are described in the accompanying article’. 
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RNA polymerase B can initiate 
accurately on the 
SV40 early region in vitro 


Using a ‘run-off’ assay’ we first determined whether RNA 
polymerase B could initiate accurately in vitro on the SV40 early 
region. A cloned fragment containing the SV40 early sequences 
Hpall-Taql (see Fig. 1 and Fig. 2 legend) was purified and 
incubated with RNA polymerase B and *’P-GTP in the presence 
of a HeLa $100 extract. The newly synthesized RNA was 
isolated, electrophoresed on a denaturing gel and detected by 
autoradiography. H initiation of transcription in vitro occurred 
at the major early start sites used in vivo, a ‘run-off’ RNA 
fragment about 500 base pairs long would be expected (Fig. 1; 
see below and ref. 13 for details of the assignment of major in 
vivo early cap sites). Transcripts initiating at the major in vivo 
late cap site'* would appear as short fragments of about 25 base 
pairs and should therefore not interfere with the assay. Two 
prominent ‘run-off’ bands were observed (Fig. 2, lane 2), one (a) 
about 500 base pairs long and possibly due to initiation at the 
major in vivo early start sites, the other (6) resulting from 
initiation about 80 base pairs downstream. We determined that 





Fig. 2 Run-off analysis of RNA transcribed in vitro from wild-type SV40 
early promoter. The 850-base pair Hpall~TagI fragment from SV40 was 
inserted into the EcoRI site of pBR322 by blunt-end ligation after DNA 
polymerase I repair. The SV40 sequences could be excised from the resulting 
plasmid, pSV3, by EcoRI digestion, and were subsequently purified by 
sucrose gradient centrifugation. The purified fragment was incubated in a 
HeLa cell-free system and the run-off transcripts analysed as previously 
described’, except for the following modifications. (1) The protocol for 
preparing $100 extract omitted the hypotonic cell washes but included a 
30-min incubation of cells at 4°C in hypotonic buffer. Also, the cell 
homogenate was incubated at 0°C for 30-60 min after being rendered 
isotonic. (2) The NTP concentration during the RNA synthesis reaction was 
200 pM ATP and UTP and 10 pM GTP and CTP. Lane 2, run-off transcripts 
from the 850-base pair EcoRI fragment from pSV3 (containing the $v40 
Hpall~Tag! sequence); lane 3, transcripts from the same EcoRI fragment 
subsequently cut by Sau 3AJ; lane 4, 1 pg ml”! @-amanitin was included in 
the standard assay of transcripts from the pSV3 EcoRI fragment; lane 5, 
exogenous RNA polymerase B was omitted from the standard assay for 
transcripts from the pS V3 EcoRI fragment; lane 6, no DNA was added to the 
standard assay; lane 7, transcripts of the pSV3 EcoRI fragment generated in 
the absence of $100 extract; lane 9, lane 7 exposed for 1/ LSth the time; lanes 
1 and 8, 5’-end-labelled Hpall digests of pBR322. Sizes for these sequenced 
marker fragments are indicated on the left. 
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these bands were due to synthesis from the early strand by using 
an Hpall-Sau 3 AI fragment (Fig. la) as template in the in vitro 
system. We found that, as expected for transcripts synthesized 
from the early strand using this template, the two predominant 
RNA bands (a and b) obtained were about 30 base pairs shorter 
(Fig. 2, lane 3). That both bands represented transcription by 
RNA polymerase B was inferred from their absence when 
1 ug ml’ @-amanitin was included in the assay (Fig. 2, lane 4). 
When RNA polymerase B was omitted, the bands were present 
but at reduced intensity (Fig. 2, lane 5), indicating that active 
polymerase B exists in the $100 extract. No bands were detected 
when DNA was omitted (Fig. 2, lane 6), and in the absence of 
$100 extract the entire gel lane was blackened. On briefer 
exposure (lane 9) some bands were visible, but none cor- 
responded to the two predominant start sites found in the 
presence of $100 extract. Thus, by the run-off assay, the in vitro 
system seems to allow specific initiation of RNA polymerase B 
at or near the major early cap sites used in vivo (a) and at a site 
about 80 base pairs downstream (b). Handa and co-workers", 
using a HeLa whole-cell extract, have also detected initiation of 
transcription in these two regions of SV40. 

S, nuclease mapping gave a more precise determination of the 
in vitro start sites corresponding to run-off band a. The early 





Fig.3 S, nuclease mapping of the 5’ ends of RNAs from infected CV1 cells 
or transcribed in vitro in the presence of the Hela extract. Poly(A)* 
cytoplasmic RNA was isolated from 30-h-infected CV1 cells as described in 
ref. 13. pSV3 transcripts were synthesized in HeLa extracts as in Fig. 2 
(Hpall-TaqI template) and purified free of DNA as already described*. In 
ali cases, 2.5-fold reactions were used for the mapping of in vitro transcripts. 
S, nuclease mapping, using a single-stranded Hpall-Hinf] probe °*P-5'-end 
labelled at the Hinfl site (Fig. 1a), essentially was performed as in ref. 13. a, 
Lenes 2-4, fragments protected by 30-h-infected CV! cell RNA after 3 h of 
treatment with 500 (lane 2), 1,000 (lane 3) or 2,000 (lane 4) U mi~! of S, 
nuclease; lanes 5~8, fragments protected by in vitro-synthesized RNA after 
3h of treatment with 2,500 U ml”! §, nuclease. The RNA synthesis reac- 
ticns contained pSV3 EcoRI fragment and the $100 extract in standard 
conditions (lane 5), pSV3 EcoRI fragment and $100 in the presence of 
1 pg ml”! a-amanitin (lane 6), $100 in the absence of pSV3 template {lane 7) 
and pSV3 template in the absence of $100 (lane 8). Lanes 1 and 9 show an 
A + Csequence ladder of the SV40 Hpall—Hinfl fragment’®, b, Lane 2, same 
as lane 4 of a; lanes 3-9, same as lane 5 of a, except that the NTP 
concentrations during the RNA synthesis reaction were 10 uM GTP and 
200 uM CTP, ATP, UTP (lane 3), 10 uM CTP and 200 uM GTP, ATP, UTP 
(lane 4}, 10 pM GTP, CTP and 200 uM ATP, UTP (lane 5), 10 pM ATP and 
200 uM UTP, GTP, CTP (lane 6), 10 pM UTP and 200 uM ATP, GTP, CTP 
(lane 7}, 10 uM UTP, ATP and 200 pM GTP, CTP (lane 8), 200 pM GTP, 
ATP, CTP and UTP (lane 9). Lanes 1 and 10 show an A+C sequence 
ladder of the SV40 Hpall-Hinfl fragment’®, 








aman TT 


coding strand of an Hpall-HinfI fragment (Fig. 1a), **P-end 
labelled at the Hinfl site, was hybridized with either poly(A)* 
cytoplasmic RNA from $V40-infected CV1 cells or RNA tran- 
scribed in vitro from the Hpall~TagI fragment. The hybrids 
were treated with nuclease S,, denatured and electrophoresed 
on a sequencing gel. Progressively stronger S, treatment (Fig. 
3a, lanes 2~4) shows that the DNA fragments protected by RNA 
synthesized in vive has a complex pattern consisting of three 
components: R1, a cluster of bands mapping between nucleo- 
tides 5,189 and 5,197; R2, two bands, at positions 5,175 and 
5,177; R3, two clusters of bands mapping at nucleotides 5,164- 
5,166 and 5,169-5,173. The bands in regions R1 and R2 
decrease in intensity with stronger S, treatment, while the R3 
bands increase. Most of the R1 and R2 bands map within a 
27-base hairpin centred at the Bgil site (Fig. 1c) and we suggest 
that the transient bands result from S, ‘pauses’ in regions of 
extensive DNA secondary structure (this interpretation has 
been proposed to explain a similar phenomenon arising during 
S, mapping of conalbumin gene transcripts’). With this assump- 
tion we conclude that the major in vivo early cap sites fall within 
the region 5,164-5,166 and 5,169-5,173. S, mapping does not 
allow us to assign single-base start sites because S, trimming 
(according to the severity of digestion conditions) can result in 
3'-ragged DNA with an overhang of 1-5 nucleotides'*’’. 
Nevertheless, our assignment of the major in vivo early cap sites 
agrees with previously published results using reverse tran- 
scriptase primer extension mapping? or enzymatic cap 
analysis’??", 

S, mapping of the in vitro-synthesized RNA results in an 
essentially identical pattern of protected fragments (Fig. 3a, lane 
5), suggesting that RNA polymerase B initiates faithfully at the 
major in vivo cap sites, although a low amount of in vitro 
initiation may occur in regions 1 and 2. These S,-protected 
fragments were not observed when | pg ml”! a-amanitin was 
included in the RNA synthesis reaction (Fig. 3a, lane 6), and 
they require the presence of DNA in the $100 extract (Fig. 3a, 
lane 7). In the absence of $100 extract (Fig. 3a, lane 8), initiation 
occurs at multiple sites throughout the fragment. 

During these studies we noted a strange phenomenon related 
to the concentration of nucleotide triphosphates (NTPs) 
included in the in vitro RNA synthesis reaction. As described 
above, the major start sites in vitro consist of two clusters of 
bands (R3); however, this is not true if the concentration of 
purines in the synthesis reaction greatly exceeds that of pyri- 
midines or vice versa. For example, when GTP (or ATP) is 
present at 10 uM and the other three NTPs at 200 uM, the 
upper cluster of bands in R3 is much more prominent (Fig. 3b, 
lanes 3, 6). In contrast, when CTP (or UTP) is included at 10 uM 
and the other three NTPs at 200 uM, the lower cluster pre- 
dominates (Fig. 3b, lanes 4, 7). Only if the total purine concen- 
tration approximates the total pyrimidine are both clusters of 
bands observed in a ratio similar to that found with in vivo RNA 
(Fig. 3b, compare lane 2 with lanes 5, 8 and 9). Although we 
cannot explain this phenomenon, it does suggest that our S, 
mapping detects true RNA polymerase start regions, as it is 
unlikely that the NTP concentration affects anything other than 
the in vitro RNA synthesis reaction. Also, any in vitro study of 
mutant promoter regions must consider this NTP concentration 
effect. 

S, mapping of the RNA represented by run-off fragment b 
using the EcoRII G fragment (Fig. 1a) (data not shown) shows 
that the 5’ end of the b transcript maps around nucleotide 5,080. 
Bands were not detected at this site in S, mapping of in vivo 
wild-type RNA even on heavily overloaded gels (although a 
band at 5,085 can sometimes be observed; data not shown). A 
5'-GATAAA-3’ sequence occurs 15 base pairs upstream from 
position 5,080, and a hairpin spans nucleotides 5,100-5,120 
(centred ~30 base pairs upstream from the start site). We do not 
know whether either of these sequence elements corresponds to 
an initiation signal recognized in vitro but not in vivo. 

Thus, we have shown that RNA polymerase B initiation on 
the SV40 early region occurs in vitro at a limited number of sites, 
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Fig. 4 Run-off analysis of RNA transcribed in vitro from deletion mutants in the promoter region. The construction of the wild-type plasmid pSV1 and the 
derivation of plasmids bearing deletions in the promoter region are described in ref. 13. Each of these recombinants was cut by Taql and Hpall to provide an SV40 
early region truncated template. The fragments were purified on sucrose gradients and then incubated for RNA synthesis in the presence of the HeLa $100 extract. 
The incubation conditions and subsequent analysis of transcripts were exactly as described in Fig, 2 legend. The RNA synthesis reactions contained for lanes 2 and 16: 
4 ug ml”! of the 850-base pair EcoRI fragment from pSV3; for lanes 3 and 4, 4 and 8 yg ml~', respectively, of the Hpall-Taq]l fragment from pSV 1; for the remaining 
lanes: 2, 4 or 8 ug ml~' of the Hpall-TaqI fragment from AS (lanes 5-7), HSO (lanes 8-10), HS3 (lanes 11-13), HS4 (lanes 17-19), HS2 (lanes 20-22) or HS105 
(lanes 23-25). The arrows in lanes 18 and 19 indicate the position of the band a transcripts visible on the original autoradiogram. All samples were derived from the 
same experiment although they were electrophoresed on two gels (lanes 1-14 and 15-25). The markers in lanes 1, 14 and 15 were **P-5’-end labelled Hpall 
fragments from pBR322. 


one prominent set corresponding to the major cap sites used in 
vivo. Transcription seems rather inefficient, however, being 
about 20% that of the Ad-2 major late transcription unit in the 
same conditions (data not shown). Nevertheless, the fidelity of 
initiation with the HeLa cell-free system allows us to approach 
the question of whether mutations in the promoter region affect 
in vitro and in vivo initiation of transcription identically. 


Some in vivo transcription signals are 
recognized in vitro by RNA polymerase B 


The accompanying article’’ describes the construction of a 
series of deletion mutants spanning the promoter region for the 
SV40 early genes. Deletions were of three types (Fig. 1b): (1) 
those removing sequences between the TATA box and the 
major in vivo cap sites (for example, AS), (2) those which start at 
position 5,162, delete the major cap sites and extend upstream 
towards and eventually beyond the TATA box (the HS series), 
and (3) those starting from the Hpall site at position 282 and 
extending downstream towards the TATA box (the PS series). 
RNA synthesized in vivo by the first two classes of mutants 
indicated that one function of the TATA sequence was to fix 
initiation of transcription within a narrow region’. In its 
presence, RNA polymerase B starts transcription about 30 base 
pairs downstream; in its absence, the enzyme initiates at mul- 
tiple sites over a broad region. We now assess the effect of these 
promoter region deletions on in vitro RNA synthesis. 
Hpall-Taq]I fragments purified from the wild-type ‘parental’ 
plasmid pSV 1 and from the various mutants, were transcribed in 
vitro and the run-off RNA transcripts analysed as described 
above (Fig. 2) for wild-type plasmid pSV3. (Note that pSV3 
contains the SV40 early sequences HpalII-Taq]I inserted at the 
EcoRI site of pBR322, whereas pSV1 contains the Hpall- 
BamHI sequences inserted at the same site.) Incubation of the 
pSV1 fragment in the cell-free system resulted in the expected 


500 (a) and 420 (b) base pair run-off bands (Fig. 4, lanes 3, 4). 
Some bands not observed with the other wild-type plasmid— 
pSV3—were also evident (compare lanes 2 and 4), but these are 
not @-amanitin sensitive (data not shown) and probably cor- 
respond to full-length transcripts of contaminating DNA frag- 
ments [Hpall-TaqI sequences are easier to purify from pSV3 
than from pSV1 or the various deletion mutants, especially 
when large deletions are involved (see Figs 2 and 4 legends for 
details) ]. 

Mutants AS, HS0, HS3 and HS4 all retain the TATA box, 
although only AS retains the major in vivo cap sites (Fig. 1b). 
Run-off transcripts a and b are clearly produced when AS (Fig. 
5, lanes 5-7), HSO (lanes 8-10) and HS3 (lanes 11-13) frag- 
ments are incubated in the cell-free system. With HS4 (lanes 
17-19), the a and b bands are both detectable, at least on the 
original autoradiogram, but a is much reduced. Closer inspec- 
tion of the data reveals that with deletions which do not involve 
the TATA box (1) the size of band a decreases progressively 
with larger deletions, and (2) the ratio of a to b is different with 
the various mutants. Densitometric scanning of the autoradio- 
grams indicates the following a/b ratios: pSV1 or pSV3, 1.0; 
AS, 2.5; HS0, 6.5; HS3, 1.0; HS4, 0.25. This effect has been 
observed in several experiments using different DNA prep- 
arations and varying NTP concentrations. 

Mutants HS2 and HS105, which lack both the TATA box and 
the major in vivo cap sites (Fig. 1b), do not express an a 
transcript (lanes 20-22 and 23-25), although band b is readily 
apparent (a result obtained with several different DNA prep- 
arations and in all NTP conditions studied). 

Using S, nuclease mapping to compare the effect of promoter 
region deletions on initiation in vitro and in vivo (Fig. Sa), we 
found that for those mutants which retain the TATA box (AS, 
HS0, HS3 and HS4), the major in vivo start sites are mimicked 
quite faithfully in vitro. In both environments, RNA polymerase 
B initiates about 30 base pairs downstream from the TATA box, 
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Fig. § S, nuclease mapping of 5’ ends of RNAs synthesized in vivo or in 
vitro from mutant plasmids. Poly(A)* cytoplasmic RNA was isolated from 
rat 3T3 cells transformed by the various mutants as described in ref. 13. S, 
mapping was as in Fig. 3 except that Hpall—Hinfl probes specific for each 
mutant were used. a, The cellular RNAs were from cell lines transformed by 
pSV 1 (lane 2), AS (lane 3), HSO (lane 5), HS3 (lane 7) or HS4 (lane 9). The in 
vimo RNA synthesis reactions contained Hpall—Tagq! fragments from plas- 
mids AS (lane 4), HSO (lane 6), HS3 (lane 8) and HS4 (lane 10), Lanes | and 
1i show an A+C sequence ladder** from the wild-type Hpall-Hinfl 
fragment. b, The cellular RNAs were from cell lines transformed by HS2 
(lane 4) and HS10S (lane 5). The in vitro RNA synthesis reactions contained 
Hpall-Hhal-Taql fragments from plasmids HS2 (lane 1) and HS105 (lane 
2) (for mutants with long deletions, Hhal digestion was performed to 
facilitate separation of the SV40 fragment from contaminating pBR322 
sequences). Lane 3 shows an A+C sequence ladder** from the wild-type 
Hpall-Hinfl fragment. The numbers to the left refer to nucleotide sequence 
number as in Fig. la; the numbers to the right correspond to band numbers 
in Fig. 36 of ref. 13. c, The in vitro RNA synthesis reactions contained 
Hpall-Hhal-Taq! fragments from HS105 in standard conditions (lane 1) in 
the absence of $100 (lane 2) or in the presence of 1 pg ml”! a-amanitin (lane 
3). For lane 2, only 1/8 of the S,-protected material was loaded. 
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although the new set of cap sites generated in HS2 was not 
detected for pSV1, indicating that, as in vivo'’, the wild-type 
TATA sequence may ‘mask’ its functional substitutes. We do 
not know whether these ‘substitute’ elements are preferentially 
located in the early promoter region or scattered throughout the 
SV40 genome. 

Figure 5c shows that RNA polymerase B alone selects specific 
initiation sites, but yields a very heterogeneous pattern (lane 2). 
Some factor(s) of the $100 extract restricts initiation to a few of 
these sites (lane 1), producing a similar pattern to that seen in 
vivo. It also requires RNA polymerase B, being abolished by the 
inclusion of 1 pg ml‘ a-amanitin in the RNA synthesis reaction 
(lane 3). 

We therefore conclude that some of the initiation ‘signals’ 
recognized in vivo by RNA polymerase B are also recognized in 
vitro. Initiation occurs about 30 base pairs downstream from the 
TATA box when it is present, but at many sites over a broad area 
when it is deleted. The ‘fixing’ function probably includes the 
TATA box because initiation ~30 base pairs downstream is 
already reduced in HS4, which has a deletion end point just 2 
base pairs downstream from the TATTTAT sequence (Fig. 1c), 
but we cannot exclude the possibility that other sequences, 
deleted in HS2 but present in HS4 (Fig. 1c), are involved, 


‘Signals’ controlling initiation by RNA 
polymerase B in vivo do not operate in vitro 
The third class of deletion mutants described in the accompany- 
ing article’’, the PS series, retains the major wild-type cap sites 
as well as a normal TATA box, but lacks sequences further 
upstream. Analysis of the in vivo expression of PS mutants 


regardless of the exact downstream sequences (ref. 13 gives a 
precise map of the in vivo start sites for these mutants). There 
are some differences in the RNAs synthesized in vivo and in 
vitro: for HSO, the ratio of the two starts differs in the two 
environments; for HS3 the in vitro start sites appear to extend 
further downstream than those of in vivo RNA. The experi- 
ments depicted in Fig. 5 give no indication of the efficiencies of 
transcription, as DNA probes of different specific activity were 
used for each mutant. However, S,-mapping of the mutant 
transcripts using a single wild-type probe (data not shown) 
shows that the level of initiation just downstream from the early 
region TATA box varied for different mutants, in the order 
HS0 > AS > HS3 = PSV1 > HS4. 

When the TATA box is deleted, early gene expression can still 
be detected in vivo, but transcription begins at multiple sites 
over a broad area'’, and S, mapping experiments (Fig. 5b, c) 
demonstrate that this phenomenon also occurs in vitro. (This 
multiplicity of initiation sites probably explains why no distinct 
bands can be detected by the run-off assay; see above.) For a 
given mutant, the pattern of fragments protected by in vitro- 
synthesized RNA closely resembles that of fragments protected 
by in vivo transcripts (compare lanes 1 and 4 or lanes 2 and 5; see 
also Fig. 3b in ref. 13). Most bands are observed with both in 
vivo and in vitro RNAs, although relative band intensities differ, 
sometimes markedly. Using a single wild-type probe we also 
determined that the in vitro transcription of HS2 is not much less 
than that of the wild-type plasmid pSV1 (data not shown), 
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Fig. 6 Run-off analysis and S, nuclease mapping of RNA synthesized in 
vitro from the deletion mutant PS366. The construction of PS366 is 
described in ref. 13. a, Run-off analysis was as in Fig. 2. Lane 2, the 
Hpall-Taq! fragment from pSV1 was incubated with S100 extract in 
standard conditions. Lane 3, the same fragment incubated with $100 in the 
presence of 1 ug ml~' a-amanitin. Lane 4, the Hpall-Hhal-Tagq] fragment 
from PS366 was incubated with $100 in standard conditions. Lane 5, the 
Same fragment was incubated with S100 in the presence of 1 yg ml”! 
a-amanitin, Lane 1 shows a **P-5'-end-labelled Hpall digest of pBR322. b, 
S, nuclease mapping was as in Fig. 5. Lane 1, fragments protected by RNA 
synthesized in vitro from the pSV1 template; lane 2, an A+C sequence 
ladder** of the wild-type Hpall-HinfI fragment; lane 3, fragments protected 
by RNA synthesized in vitro from the PS366 template. R3 refers to the 
region delineated in Fig. 3a. 
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indicates that sequences mapping in the region of the two 
72-base pair repeats I and II (Fig. 1b) markedly affect early gene 
expression. For example, PS366, which lacks nucleotides 98- 
282 and thus more than one complete copy of the 72-base pair 
repeat (Fig. 1b), does not detectably express the early genes 
during short-term infection of CV1 cells, and transforms rat 3T3 
fibroblasts much less efficiently than a wild-type plasmid. 
However, Fig. 6a demonstrates that, by the run-off assay, in 
vitro transcription of PS366 is not similarly inefficient. The a 
transcript is readily apparent when an Hpall-Taql fragment 
from PS366 is transcribed in the HeLa cell-free system (lane 4). 
Furthermore, S, nuclease mapping reveals that RNA poly- 
merase B initiates the a transcript at the same sites on PS366 as 
on the wild-type pSV 1 (Fig. 6b, lanes 1, 3). Thus, those sequence 
elements in the region of the 72-base pair repeats that exert a 
crucial influence on in vivo expression have no apparent effect in 
an in vitro environment. 


In vitro and in vivo promoter regions 
for RNA polymerase B 


The three DNA sequence elements implicated in the control of 
initiation of transcription by RNA polymerase B are the TATA 
box region®*'°"!!> the cap site region®'' and a region upstream 
from the TATA box (refs 11-13, and personal communications 
from R. Grossched!l and M. L. Birnstiel, and from R. Kamen). 

The present report and the accompanying one suggest that, 
both in vivo and in vitro, the early gene TATA box (or closely 
adjacent sequences) functions to limit initiation to a narrow 
region. In its presence, RNA polymerase B starts transcription 
about 30 base pairs downstream, and a similar function has been 
noted for other genes*’'’?*, Whatever actually measures the 
TATA box~cap site distance operates quite accurately in vitro, 
even in a heterologous system, for the newly selected cap sites on 
mutant templates are similar to those used in mammalian cells. 
The finding that on deletion of the early gene TATA box RNA 
polymerase initiates at multiple sites over a broad region both in 
vitro and in vivo is in keeping with a report that, in Xenopus 
oocytes, initiation occurs at multiple sites on an injected sea 
urchin histone gene lacking its normal TATA sequence’’. The 
multiple initiation sites we observe are nearly identical to those 
found in vivo (Fig. 5b), and this specific pattern is dependent on 
the presence of some factor(s) present in the cell-free extract 
(Fig. 5c), suggesting that the factor(s) which recognize the 
TATA box could also recognize its functional substitutes. 
Deletions or single-point mutations involving the TATA box 
have been reported to abolish, or drastically reduce, in vitro 
transcription’''’, but such studies relied mainly on the run-off 
assay, and we also were unable to detect transcripts from the 
TATA-minus mutants using this assay. Alternatively, it is 
possible that some genes, like the $V40 early region, have 
sequences which can substitute functionally for the TATA box, 
while other genes either do not have them or have sequences 
which function much less efficiently than the TATA sequence. 

We have observed that in mutants retaining the TATA box, 
the newly selected cap sites seem to be used with varying 
efficiencies in vitro, and this has been attributed*:' to control by 
sequences around the cap site. We cannot decide whether the 
crucial sequences are those at the cap site and/or those between 
the TATA box and start site. Clearly, the mere presence of 
purines around the initiating nucleotide is not the important 
factor, because initiation on both HSO and HS4 occurs in a 
region rich in purines. (In vivo transcription of many genes by 
RNA polymerase B starts with an A within a pyrimidine-rich 
region”’’.) Nucleotides between the TATA box and the start 
sites might well influence the efficiency of cap site utilization, 
especially for the SV40 early genes, where a 27-base hairpin 
normally separates the TATA and the cap site (Fig. Ic). It is 
possible that AS and HS0 are transcribed so efficiently merely 
because this hairpin is disrupted, and that HS4 is transcribed 
much less efficiently because its longer deletion begins to affect 
the TATA box function. Interestingly, similar ‘up’-mutations 
have been noted in vivo. Rat cells transformed by plasmids 


bearing deletions 10-15 base pairs downstream from the early 
gene TATA box produce more early mRNA than cells trans- 
formed by wild-type plasmid (see ref. 22 and the accompanying 
article). Gluzman et al.” have suggested that this overproduc- 
tion of early mRNA might be due to a failure in autoregulaticn 
by T antigen. In light of the in vitro results, it might, instead or in 
addition, be caused by a more efficient utilization of the newly 
selected cap sites. 

The far upstream sequences’’, which are required in vivo but 
not in vitro, might bind RNA polymerase directly (analogous in 
some respects to the prokaryotic ‘recognition site’), might 
dictate chromatin structure directly** or indirectly, or might 
bind activator proteins. We have shown that the mutant plasmid 
PS366, which lacks certain sequences upstream from the TATA 
box and is expressed inefficiently in vivo, is transcribed quite 
readily in the HeLa cell-free extract. The level of initiation 
approximates that for wild-type plasmid and the start sites are 
those normally used. This observation tends to argue against a 
model whereby the upstream sequences exert their influence 
simply by binding polymerase. However, the efficiency of tran- 
scription in vitro is much lower than in vivo '~*, and it is possible 
that the mode of polymerase binding differs in the two 
environments. It may be that the chromatin structure in the 
promoter region brings into close vicinity the TATA box and the 
upstream sequences and that accurate reconstruction of 
chromatin structure might be important in understanding the 
role of the upstream sequences. We do not know the state of the 
DNA after incubation in the $100 extract, but it is unlikely to be 
packaged in chromatin as it is in vivo, for we have observed that 
during the standard RNA synthesis reaction supercoiled DNA 
templates are converted to relaxed covalently closed circles 
(unpublished results), whereas if nucleosomes had been formed, 
supercoiled DNA should have been recovered’***. Certainly, 
activator proteins could also be missing from the cell-free 
system. Clues as to how the upstream sequences control initia- 
tion in vivo and why they do not exert a similar influence in vitro 
await further experimentation. 
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Satellite data on the energy spectrum of galactic y-radiation’”, 
shows that such radiation has a multicomponent nature’. Here 
we use a calculation of the pulsar y-ray emission spectrum 
together with a statistical analysis of recent data on 328 known 
pulsars to make a new determination of the pulsar contribution 
to galactic y-ray emission. We then re-examine the cortribu- 
tions from diffuse interstellar cosmic-ray induced production 
mechanisms to the total emission and conclude that pulsars may 
account for a significant fraction of galactic y-ray emission. 

Models for the production of high-energy y rays in the Galaxy 
have dealt primarily with diffuse emission processes, those 
which involve interactions between cosmic rays and interstellar 
matter. The major contributions are thought to come from 
electron bremsstrahlung and the decay of neutral pions 
produced in high energy proton collisions, with a small addi- 
tional flux from Compton interactions, In determining the rela- 
tive contributions of these processes from the shape of the 
observed y-ray spectrum, the contribution of true point sources 
(as opposed to enhancements in the spatial distribution from 
diffuse processes) has been neglected, largely because the point 
source spectrum has been undetermined. At present, pulsars can 
give the best information on a true point source component of 
the galactic y-ray flux. 

We report here on the first calculation of a y-ray production 
spectrum from pulsars in the Galaxy and on the implications of 
this point source contribution to the general interpretation of 
the observed galactic y-ray spectrum. The details of this cal- 
culation, as well as a determination of the longitude anc latitude 
profiles of pulsar y rays will be described elsewhere’. There have 
been previous estimates of the pulsar contribution to the obser- 
ved galactic y-ray flux””'’, using only 51 pulsars and very general 
assumptions about their y-ray luminosities. There are now 328 
known radio pulsars, all having independent distance deter- 
minations through their dispersion measures. The local density 
and galactic distribution can therefore be much better deter- 
mined, assuming a value for the mean free electron density in the 
galactic plane. Pulsed y rays have been observed from the Crab 
(PSRO531 +21) and Vela (PSR0833 ~ 45) pulsars by the SAS 2 
satellite’*’*, and the COS B satellite’*. The energy spectra of 
these sources have recently been determined in the range 
50 MeV-2 GeV and they can both be fit with steep power laws 
of similar slope around —2 (ref. 15). Although these two young 
sources represent only a small fraction of the known pulsars, 
their emission testifies to the fact that some, and possibly all 
pulsars are y-ray emitters at some stage of their evolution. 
Though these others may be individually below the present 
limits of detectability, the contribution of their y rays to the 
observed galactic emission could be significant, as has been 
previously suggested’. 

We assume that the y-ray emission above 100 MeV is 
produced by curvature radiation from primary particles which 
have been accelerated to high energies in the electric fields of the 
pulsar’s magnetosphere. Some of these y rays are converted to 
electron—positron pairs in the strong pulsar magnetic field. The 
electric field induced perpendicular to the magnetic field by the 
star’s rotation also contributes to the pair production rate and 
has a large effect on the optical depths in short pericd pulsars’®. 
The shape of the numerically calculated spectra in this model 
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depend on the initial energy of the primary particles and on the 
pulsar magnetic field strength and period’’. For an initial energy 
of 1.5 10* GeV and a field strength of 10'* G, the resulting 
calculated spectrum for a pulsar period of 0.033 s reproduces 
the shape of the observed Crab pulsar spectrum. The observed 
100-MeV flux from the Crab pulsar at 2 kpc is used to determine 
the normalization factor (~10°) which is the ratio of the primary 
particle density above the polar cap to the corotation charge 
density. Using this same normalization factor, primary particle 
energy, and magnetic field strength, the calculated spectrum for 
a period of 0.089 s fits the observed Vela pulsar spectrum quite 
well. It may be reasonable to assume, then, that these values of 
the parameters determining the spectrum are valid for all pulsar 
periods. 

An expression for the y-ray luminosity can be derived by 
integrating the spectra calculated for different periods, P, and 
surface magnetic field strengths, B, (in units of 10° G). The 
best fit for the dependence of luminosity on these quantities 
gives: 


L,(>100 MeV) = 1.2x 10°°B??°P"*” photonss™' (1) 


The y-ray luminosities and fluxes for the known radio pulsars 
have been calculated from equation (1) and compared with the 
upper limits obtained by SAS 2 (ref. 18) and the sources in the 
COS B catalogue’. Eight pulsars have predicted fluxes above 
the point source detectability limit of COS B but most are 
towards the galactic centre where the diffuse background is high. 
Only two lie in the longitude range 90°</1<270° where the 
search is considered complete down to 1.3x107™°cm™*s™'; 
however, they both lie just outside the latitude range of the 
search. Four pulsars have predicted fluxes above their SAS 2 
upper limits, but exceed them by no more than the estimated 
uncertainties in either the measurements or the model. 
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Fig. 1 Differential production spectra for pulsars and the major 
diffuse processes. The 7°, bremsstrahlung and Compton spectra 
are from refs 6, 26 and the total spectrum includes the pulsar 
contribution. SAS 2 and COS B data points for the longitude range 
355°<1< 15° are also shown (@, ref. 2; @, ref. 1). The left- and 
right-hand scales refer to the theoretical production rates at 10 kpc 
from the galactic centre and the observed y-ray flux, respectively. 





0028-0836 /81/130316--03$01.00 


© 1981 Macmillan Journals Ltd 


Nature Vol. 290 26 March 1981 





In calculating these pulsar spectra and luminosities, it has 
been assumed that the magnetic field is a pure dipole and that 
the angle between the dipole axis and spin axis is 90°, because we 
are concerned here with the collective properties of the pulsar 
population, and a random distribution of angles would give an 
average of 90°. More details of the model are given in ref. 17. 

If all pulsars produce pulsed y rays according to this model, 
then the local differential production spectrum will be, 


-Po | 
GesriE,) 2h Jo 
where Do is the local surface density of pulsars which are 
beamed in our direction, h is their scale height above the plane, 
p(P) is their period distribution and J,(P, E,) is the y-ray 
spectrum of an individual pulsar with period P. I,(P, E,) is also 
directly proportional to surface magnetic field strength, so that 
esr Will be proportional to the average pulsar magnetic field 
strength. We take an average field of 10°? G, which is consistent 
with measured pulsar spindown rates. The derived local density 
and scale height depend on a determination of (n.), the mean 
electron density in the galactic plane, which, through dispersion 
measure observations, fixes the pulsar distance scale. 
Unfortunately, the galactic distribution of n. is not well known 
and is difficult to determine. There are several indications that n, 
is not uniform throughout the galactic plane and that it does not 
have a simple exponential Z dependence”’*’, both of which 
have been previously assumed in determining pulsar densities. 
However, in view of the difficulties entailed in a detailed spatial 
modeling of n., given the present observational data, we adopt 
the simple constant density model of Taylor and Manchester” 
which is sufficient for estimating the mean contribution from 
pulsars to the galactic y-radiation. For (ne) = 0.03 cm™, a value 
consistent with H I absorption distances to pulsars in local 
regions of the Galaxy”, a statistical analysis of data on the 328 
known pulsars gives Do=480 pulsars kpc? and h, = 325 pc. 
The resulting y-ray production spectrum per cm’ is shown in Fig. 
1 along with the production spectra for the major diffuse pro- 
cesses calculated, assuming a local interstellar hydrogen density 
of 1 atom cm”. This spectrum gives volume-averaged integral 
-pulsar y-ray production rates at 10 kpc of 2,2 x 1076 photons 
ems"! above 100MeV and 4.6x10°*° photonscm™’s”! 
above 35 MeV. Although the calculated pulsar spectrum has 
been extrapolated below 100 MeV, the model does not 
accurately predict the low energy spectrum because the syn- 
chrotron radiation from secondary particles, which may extend 
to the y-ray region, has not been included. This contribution 
would tend to steepen the spectrum and increase the estimated 
flux level below around 100 MeV. 

The diffuse production spectra in Fig. 1 have widely differing 
uncertainties. The pion production spectrum is least uncertain, 
because it primarily involves cosmic ray protons with energies in 
the range 1-10 GeV where uncertainties in determining galactic 
fluxes owing to solar modulation effects produce small 
uncertainties (<15%.) in the total production rate**. Even the 
differential y-ray source spectrum for E, < 10 GeV is insensitive 
to the kinematical model chosen, as shown by the excellent 
agreement between calculations given in refs 24-28. 

The Compton production mechanism produces only a small 
expected contribution in our region of the Galaxy, however, this 
process could be significant near the galactic centre®. As this 
component is small over most of the galaxy and various 
theoretical estimates*’*° are in reasonable agreement with Fig. 
1, we conclude that little error in determining the total galactic 
flux is introduced by the Compton process. 

The situation is quite different in the case of electron brems- 
strahlung. The curve shown in Fig. 1 for this component was 
determined using a conservative ‘standard’ cosmic ray electron 
spectrum®’. However, the electron spectrum cannot be easily 
determined from cosmic-ray data due to large solar modulation 
effects. Theorists have thus had much leeway in invoking large 
electron fluxes to account for discrepancies in both the spectrum 
and intensity of the observed galactic y rays with ‘standard’ 
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Fig. 2 Surface density of pulsars (solid line)? and y-ray surface 
emissivity (dashed line)® plotted against galacto-centric radius R 
for northern and southern halves of the Galaxy. 


predictions***’, Indeed, spectral data have been used to specu- 
late on drastic fluctuations in both electron and proton fluxes in 
the Galaxy”, although we believe that inherent systematic 
errors as well as statistical errors in the spectral data make sucha 
radical analysis unwarranted. i 

The present calculated pulsar contribution has clear impli- 
cations for analysing the total galactic spectrum. Pulsars contri- 
bute a soft power law flux component similar to that expected 
from electron bremsstrahlung. In addition, the pulsar 
component as estimated in Fig. 1 is as large as the ‘standard’ 
bremsstrahlung component. 

We also expect that the pulsar contribution to the total 
galactic flux should be roughly independent of galactic longitude 
except in the outer Galaxy. We have used the longitude and 
distance data for the full sample of observed pulsars, together 
with corrections for selection effects, to determine the radial. 
distributions of pulsars in both the northern (0°< /< 180°) and 
southern (180°<1< 360°) galactic longitudes. The results for 
the inner Galaxy (R <8 kpc) are strikingly similar to the dis- 
tributions of total y-ray emissivity determined previously’, 
Thus, the ratio of pulsar to total emissivity (the fraction of the 
flux from the pulsar component) should be roughly constant with 
longitude, for longitudes within 60° of the galactic centre. This 
fraction is calculated to be 15-20% above 100 MeV (as derived 
from both Fig. 1 and a comparison of the longitude distribution 
of pulsar and observed y-ray emission? using the data in Fig, 2). 
It can easily be of the order of 50% at lower energies (see Fig. 1), 
removing the need to invoke large low-energy electron fluxes to 
explain the shape of the observed y-ray spectrum. 

The latitude distribution of pulsar y-ray emission will be 
narrow but will extend somewhat beyond 6=10° (ref. 8). 
Pulsars may therefore be able to account for some of the flux 
observed**** at galactic latitudes above 10°. According to the 
model, the younger pulsars are the strongest y-emitters. They 
are also more confined to the galactic plane”. Thus, the pulsars 
at high b have a higher mean age and are weaker, This would be 
consistent with the lack of observed point sources at high b. 

We conclude therefore that the integrated flux from distant 
y-ray emitting pulsars may provide an important fraction of the 
low- to medium-energy galactic y-ray flux (although a smaller 
fraction of the flux above 100 MeV), and the inclusion of the 
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pulsar component in analysing the galactic y-ray spectrum 
supports a coherent integrated relationship with galactic cosmic- 
ray theory as discussed elsewhere??? 


Received 16 October 1980; accepted 17 February 1981. 


l, Paul, J, A. et al. Asir. Astrophys. 63, L31-L33 (1978). 

2. Hartman, R. C. et al, Astrophys. J. 230, 597-606 (1979). 

3. Stecker, F. W. Cosmic Gamma Rays (Mono, Baltimore, 1971). 

4, Stecker, F. W., Puget, J. L., Strong, A. W, & Bredekamp, J. H. Astrophys. J. Len. 188, 

L359~L.61 (1974), 

5, Fichtel, C. E. et ai, Astrophys. J. 208, 211-219 (1976). 

6. Stecker, F. W. Astrophys. J. 212, 60-70 (1977), 

7, Higdon, J. C. Astrophys. J. 232, 113-128 (1979). 

8. Harding, A, K. Astrophys. J. tin the press). 

9, Higdon, J.C. & Lingenfelter, R., E. Astrophys. J. Lett. 208, L107~L110 (1976), 

0. Strong, A. W., Wolfendale, A. W, & Dahanayake, C. Mon. Not, R. astr. Soc, 179, 69-72 

{1977}. 

11. Hartman, R. C. etal. in The Structure and Content of the Galaxy and Galactic Gamma Rays 
(eds Fichtel, C. E, & Stecker, F. W.) 15-28 (NASA CP-002, U.S, Government Printing 
Office, Washington DC, 1977). 

12. Kniffen, D, A. et ai. Nature 281, 397-398 (1974), 

13. Thompson, D. J., Fichtel, C. E., Kniffen, D. A. & Ogelman, H, Astrophys. J. Lett. 200, 
L.79~L82 (1975). 

14. Bennett, K. et al, Astr. Astrophys. 61, 279-284 (1977). 

18, Lichti, G. G. et al, Non-Solar Gamma Rays (COSPAR Symp.) (eds Cowsik, R. & Wills, 
R. D) 49-53 (Pergamon, New York, 1980). 

16. Harding, A. K., Tademaru, E. & Esposito, L. W. Astrophys. J. 228, 226-236 (1978). 

17. Harding, A. K. Astrophys. J. (in the press). 

18, Ogelman, H., Fichtel, C. E., Kniffen, D. A. & Thompson, D. J. Astrophys, J, 209, 584-591 
(1976). 

19, Swanenburg, B. N. ef al. Astrophys. J. (in the press). 

20. Weisberg, J. M., Rankin, J. & Boriakoff, V. Asir. Astrophys, 88, 84-93 (1980). 

21. Ables, J. G, & Manchester, R. N. Asir, Astrophys. §0, 177-184 (1976). 

22. Harding, A. K. Pulsars (eds Sieber, W. & Wielebinski, R.) (Reidel, Dordrecht, in the press). 

23, Taylor, J. H. & Manchester, R. N. Astrophys. J. 218, 885-896 (1977). 

a4, Stecker, F. W, Astrophys. J. 188, 499-504 (1973). 

25. Stecker, F. W. Astrophys, Space Sci. 6, 377~389 (1970). 

26. Stecker, F. W. Astrophys. J. 228, 919-927 (1979). 

27, Gangull, S. N, & Sreekantan, B, V. J, Phys. AQ, 311-321 (1976). 

28. Badhwar, G. D. & Stephens, $. A. Proc. 15th int. Cosmic Ray Conf, Plovdiv 1, 198-203 
(1977), 

29. Stecker, F. W. in Origin of Cosmic Rays (eds Osborne, 1. L. & Wolfendale, A, W.) 267-334 
(Reidel, Dordrecht, 1975). 

30, Piecinottl, O. & Bignami, G. F. Astr, Astrophys. 82, 69~75 (1976). 

31, Daugherty, J. K., Hartman, R. C. & Schmidt, P. J. Astrophys, J. 198, 493-505 (1975). 

32. Cesarsky, I). J., Paul, J. A. & Shukla, P. G. Astrophys. Space Sci. 89, 73-83 (1978). 

33, Schlickeiser, R, & Thielheim, K. O. Mon. Not. R. asir. Soc. 182, 103-109 (1978). 

34. Strong, A. W., Wolfendale, A. W., Bennett, K. & Wills, R. D. Mon, Not. R. asir. Soc. 182, 
751-760 (1978). E 

35. Fichtel, C. E., Simpson, G. A. & Thompson, D. J. Astrophys. J. 222, 833-849 (1978), 

36. Lebrun, F. & Paul, J. A. Proc. 16th int. Conf. Cosmic Rays 13-18 (1979). 

37. Taylor, J. H. in The Large-Scale Characteristics of the Galaxy (ed. Burton, W. B.) 119-123 

, (Reidel, Dordrecht, 1979). 

38. Stecker, F. W. Phys. Rev. Lett. 38, 188-191 (1975). 

3¢. Stecker, F. W. Nature 260, 412-414 (1976). 

40, Stocker, F. W, & Jones, F. C, Astrophys. J. 217, 843-858 (1977). 

4i. Stecker, F. W, Am. Sci. 66, 570-576 (1978). 

42, Stecker, F. W. The Large Scale Characteristics of the Galaxy (ed. Burton, W. B.) 475-782 
‘Reidel, Dordrecht, 1979). 


Changes in orientation and 
appearance of the 
100 m arc s radio structure in S8433 





R. T. Schilizzi*, G. K. Mileyt, J. D. Romney+ 
& R. E. Spencer§ 


* Netherlands Foundation for Radio Astronomy, Radio 
Sterrenwacht, Dwingeloo, The Netherlands 

t Sterrewacht Leiden, Leiden, The Netherlands 

t Max-Planck-Institut für Radioastronomie, Bonn, FRG 

$ University of Manchester, Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, Macclesfield, Cheshire SK11 9DL, UK 





The discovery’ of radio structure on a scale of 10-50 m arc s in 
$S433 has prompted us to monitor the object with the European 
VLBI network. The first observations in this programme were 
made for periods of 9 and 10h at a wavelength of 6 cm on 9 
January (JD2444248) and 1-2 Jane (JD2444392.5) 1980. Our 
results, together with the observations of Walker et al.? at an 
earlier epoch, show that the compact radio structure of S8433 
changes orientation in a manner consistent with the 164-day 
precession period inferred from the optical emission lines, but 
with a phase delay of 5 t4 days. The shape of the radio structure 
is elongated, non-linear and changes from one observing epoch 
. to the other. 





Fig.1 Loci of the east-west (U) and north-south (V) components 

of the projected baselines for our 6-cm observations of $8433. The 

baselines shown are those for which the source was detected: (1) 

Westerbork-Effelsberg; (2) Chilbolton—Effelsberg; (3) Knockin- 
Effelsberg. 


Signals were recorded with the standard MkII VLBI system 
(bandwidth 2 MHz) and the cross correlations were performed 
at the Max-Planck-Institut fur Radioastronomie in Bonn. 
Further observational details are given in Table 1. Useful data 
were obtained on the Westerbork~Effelsberg baseline in both 
sessions, on the Chilbolton—Effelsberg baseline for 2 h in Janu- 
ary (the source was not detected during the rest of the obser- 
vation) and on the Knockin (Jodrell Bank) - Effelsberg baseline 
for the full track in June. Loci of projected baselines for the 
various interferometers are shown in Fig, 1. 

Measurements of calibrator sources were made at regular 
intervals throughout network periods encompassing the $S433 
observations. Based on the flux densities measured at Wester- 
bork and Effelsberg, these data were used to calibrate the 
performance of the individual interferometers’. In the June 
session, the unresolved source 2134 + 004 (ref. 4) at declination 
0.4° was observed at several intervals during the first and last 3 h 
of its apparition, to calibrate directly the changing gain, aperture 
blockage and spillover effects of the various antennas as a 
function of elevation for $8433 (at dec 4.9°). It was assumed that 
any differences in the general atmospheric conditions were 
negligible between observations of $8433 and 2134+004. The 
resulting calibration factors had an r.m.s. scatter of ~5%. The 
point-to-point amplitude scatter for 2 min coherent integrations 
on the calibrator sources was ~3%. 

The flux densities of SS433 at 6cm at the epochs of our 
measurements have been interpolated from measurements at 11 
and 3.7cm carried out by Johnston et al. (personal com- 
munication) assuming that the spectrum is a power law’. At 
these epochs, $S433 is classified as being in an inactive phase by 
Johnston et al., meaning that the radio flux was changing by 
<20% over a period of days. There is evidence that on 1-2 June, 
the flux density may have decreased by 8% during the period of 
our observations. We see little evidence of this in our visibility 
data, and it seems likely that variations of the visibility ampli- 
tude with hour angle are due to changes in the projected source 
structure rather than variations in the flux density. 

The calibrated visibility amplitudes for the two sessions are 
shown in Fig. 2. Most of the information on source structure 
comes from the Westerbork-Effelsberg baseline, but the longer 
baselines provide important constraints on the structure. 
Although there are insufficient data for hybrid maps to be made, 
the relatively simple fringe amplitude curves allow several basic 
conclusions to be drawn about the structure and its variation. 
These conclusions are supported by the results of fitting simple 
models consisting of one or two barely resolved components and 
one or two extended elliptical gaussian components to the 
available data at each of the two epochs. Table 2 gives the 
parameters of the models and the range of values of each 
parameter which are consistent with the data. Curves 
representing the visibility amplitudes of these models are also 
shown in Fig. 2, and pictorial representations of the models from 
our data are given in Fig. 3. 

The following deductions about the structure can be made. 

(1) The size of the amplitude variations on these baselines 
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Table 1 Some parameters of the observations 





Frequency Flux density 
(MHz) (mJy) 


4,997 500+ 20 


Date UT Telescopes 


9 January 1980 0600-1500 Westerbork 
Effelsberg 
Chilbolton 

1-2 June 1980 2045-0700 Westerbork 
Effelsberg 
Knockin 


5,008.8 330 + 30 


The polarization on the sky was RCP in January and LCP in June. 


shows the existence of structure on the 100-200 m arc s scale in 
both January and June. 

(2) In January, the source was completely resolved on the 
longer projected spacings of the Chilbolton—Effelsberg base- 
line. The data shown for this baseline are for spacings similar to 
the Westerbork to Effelsberg baseline at extreme hour angles 
(see Fig. 1). In June, a barely resolved component of ~ 100 mJy 
is evident on the Knockin-Effelsberg baseline and on the 
Westerbork—Effelsberg baseline for the last 5 h. 

(3) The projected baseline at which the peak fringe amplitude 
occurred for the Westerbork-Effelsberg interferometer differed 
in position angle (PA) by ~16° between the two observations. 
This indicates that the dominant PA of the 100-200 m arcs 
structure changed from 98°+3° on 9 January (when it was 
aligned with the bulges in W50) to 114°+3° on 1-2 June. 

The following four points refer to the Westerbork—Effelsborg 
interferometer. 

(4) An inflexion near IHA-6.5 h in the June curve, together 
with the best fitting model listed in Table 2, suggests that 
although the major part of the June emission was aligned in 
PA 114°, there is weaker emission still present in the 
‘fundamental’ 98° PA. | 

_(5). The width of the peaks in both curves, as well as their 
asymmetry, indicate that the structure is non-linear and very 
elongated. 

- =: (6) The difference in shape between the two curves indicates 
that the general appearance of the radio source changed appre- 
ciably between the two observations. 

(7) The amplitudes of the maxima indicate that at both 
epochs the flux density from the compact (150 m arc s) struc- 
ture was ~ 100 mJy less than the total flux density measured for 
$8433. This ‘missing’ 100 mJy can reasonably be ascribed to the 
larger (~3 arc s) structure known to exist from other measure- 
ments”’. 

The change in orientation of the compact radio structure may 
be compared with the predictions of models for $$433 derived 
from optical observations. On the basis of Abell and Margon’s® 
model, the PA of the precessing jets seen in projection on the 
sky is expected to vary approximately sinusoidally with time, 
with a peak-to-peak amplitude of 41.4° and with the same 
period as the optical emission lines if the jets describe a cone of 
half angle 20.4° about a mean inclination of 79.7° to the line of 
sight”!°, Alternatively, the PA has a saw-tooth variation with 
time (due to the 180° ambiguity in PA) with peak-to-peak 
amplitude of 172.8° if the angles are interchanged. 

The position angles found from our data, and that of Walker et 
al? on 12 March, 1979 (92°, range 85°-105°) were compared 
with the expected behaviour on Abell and Margon’s model and 
found consistent with precession with the smaller cone angle, as 
predicted by Begelman et al."’. If the axis of precession projects 
onto the sky in position angle 98° (corresponding to the bulges in 
W50'*"2.5 then the PA of radio emission on the scale of 
100 m arc s would lag the optical position angle by 5+4 days, 
and would be phased so that the PA was decreasing in June. 
Although probably fortuitous, this agrees with the expected 
delay of about 4.5 days for the radio emitting clouds to reach an 
angular distance of 50 m arcs, assuming a velocity of 0.26c 
(ref. 4) and a distance'®'*:'* of S8433 of 4 kpc (50 m arcs cor- 
responds to a length of 6 x 10° cm at a distance of 4 kpc). 
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Fig.2 The visibility amplitudes for $S433 at 6 cm, as a function of 
interferometer hour angle. a, January 1980, S+= 0.5 Jy; b, June 
1980, S;= 0.33 Jy. Arrows indicate the hour angles at which a 
maximum in visibility amplitude is expected for PA 98° and 114°. 


WSRT, Westerbork; EFF, Effelsberg, CHIL, Chilbolton; 
KNOCK, Knockin. Errors bars are 2o. 


Our observations provide some evidence for extension of the 
radio source over a range in PA of +5° to +10° about the 
dominant PA. The presence of multiple-peaked spectral fea- 
tures have been noted” ’* in optical data which could be evidence 
of remnant emission from previous positions of the beam during 
its precessional motion. It is not known whether the nonlinearity 
in the compact radio structure is also due to remnant emission 
and whether it corresponds to the possible optical remnant 
emission. Any correspondence will depend on the mechanism 
for ejecting material into the beams, and also on the lifetimes of 
the radiating electrons in the different wavelength domains. 
These factors will affect the persistence of the emission. In the 
radio domain, the non-thermal integrated spectrum and the high 
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Table 2 Parameters of the models 
ae 


Flux Radial distance 
Component (mJy) (marc s) 
a January 1980 
1 89+ 25 0 
2 21941 10+1 
3 101 +3 65+ 1 
b June 1980 
1 13445 0 
2 99+1 0 
3 5645 0 


99 +3 
99+] 


PA Angular size Component PA 
(deg) (m arcs) (deg) 
0) (92412j)x(1+1) 101+1 
(22+41)x(1+1) 81+2 
(22+ b)x1+1) 89+4 
0 (163+5)x (12+2) 119+1 
0 (6,640.5) x (§+0,5) 98+1 
0 (164+ 5)x(4+1) 98+1 





The columns give the component number, the flux density, the radial distance from component 1, the position angle of the location of the component 
(N to E) with respect to component 1, the major and minor axis, and the position angle of the component. The errors given are formal errors from the 


model-fitting process; the true errors are probably larger. 


brightness temperatures of the compact components, ranging up 
to 10° K (ref. 2), imply that the emission is synchrotron radiation 
from relativistic electrons, The optical emission line system from 
the beams seems to arise from gas at a temperature of <10* K 
(ref. 11). There are arguments’” that the lifetime of the optical 
line emission is <10 days, but in the radio case there is not 
enough structural information on which to base calculations of 
synchrotron lifetimes. These relative lifetimes will also have 
some bearing on the lag of the rotation of the main axis of the 
radio emission behind that of the optical. 

Although the optical data predict that during the January and 
June observations, the beams of $$433 lie within 10° of the 
plane of the sky, the detailed radio structures are different. 
Further data are required before patterns (if any exist) can be 
found in the variation of the structure. Radio flares will affect the 
structure for some time afterwards; note that the January data 
were taken 8 days after flaring activity in SS433 has ceased while 
the June data were taken 11 days before the end of the same long 


a January 1980 





b June 1980 


20 marcs 
 Sccommamaemnen | 


Fig.3 Models for $S433 at 6 cm. a, 9 January 1980; b, 1-2 June 

1980. There is a 180° ambiguity in the orientation of these 

diagrams because they were derived using amplitude data alone. 

North or south is up. The data have been smoothed with a 

20 m arcs circular gaussian beam. The contour levels are: January 

1.5, 3, 4, 5,...15% (solid), 45, 90% (dashed); June, 2, 4, 
6,... 20% (solid), 40, 80% (dashed). 





period of quiescent behaviour (K. J. Johnston, personal com- 
munication). Perhaps the enhanced compact component in the 
June data can be identified with a pre-fiare buildup of relativistic 
particles. 

We have shown that the 100-200 m arcs structure in S8433 
varies in orientation. Although the behaviour is consistent with 
the precessing beams model, further observations are needed to 
establish that the change in position angle is indeed periodic. 
Future comparison of variations in the radio structure and in the 
optical line emission may well provide unique information about 
the $8433 phenomenon. 

We thank the staffs of the various observatories for their 
assistance, in particular R. S. Booth and P, N. Wilkinson at the 
UK telescopes; R. W. Porcas, H. Blaschke and U. Stursberg for 
advice and assistance during the processing of the data; and 
K. Johnston for flux density information. The Westerbork 
Synthesis Radio Telescope is operated by the Netherlands 
Foundation for Radio Astronomy with the financial support of 
the Netherlands Organization for Pure Research (ZWO). 


Note added in proof : Hjellming and Johnston‘ report extensive 
VLA observations of $S433 at seven epochs from 8 September 
1979 to 20 June 1980. Their maps show an unresolved 
(5100 m arc s) core source plus elongated ‘jet’ components up 
to several arcs in extent. Several of their results bear on the 
present paper. (1) The PA of the arcs scale structure remains 
within +20° of 100°, which we have also deduced from our data 
with reference to the Abell and Margon model. (2) Proper 
motions observed for several features in the VLA maps have 
been extrapolated back to show that the radio jets are probably 
associated with the optical jets in the inner regions. There is 
some evidence from their data that the radio precession ephe- 
meris lags that of the optical by 10-20 days with an error of the 
same magnitude. This is consistent with our result. (3) Assuming 
the core source is spherical, equipartition arguments lead 
Hiellming and Johnston to synchrotron loss lifetimes of 10° s, 
from which it is concluded that these losses cannot be significant 
in the core. The structure we derive for the central source is 
highly elongated implying higher magnetic fields and shorter 
synchrotron lifetimes. We do not believe that the structural 
information on the small scales is yet sufficiently good to 
confidently rule out one or another loss mechanism. 
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Acetonitrile in the stratosphere— 
implications from laboratory studies 


H. Bohringer & F. Arnold 


Max-Planck-Institut für Kernphysik, PO Box 103980, D6900 
Heidelberg, FRG 





The presence of acetonitrile (CH,CN) in the stratosphere has 
been tentatively inferred’ from measurements of stratospheric 
‘positive ions around 36 km. As well as the expected proton 
hydrates H*(H,0),, another ion family was observed to which 
was assigned the general form, H*X,(H-.O),,, where X is a 
molecule of mass 41+ 1 Amu. If these ions are formed from 
proton hydrates by reactions involving the unknown trace gas X, 
the latter must have a proton affinity of 2175 kcal mol” and a 
number density of the order of 10° cm™ around an altitude of 
36 km. Two previously proposed identifications for X—NaOH 
and MgOH—have recently been excluded by new stratospheric 
ion composition data which unambiguously determined the 
mass of X to be 41 AMU and failed to show H*X,(H;O),, ions 
containing the Mg isotopes 25 and 26. Another suggestion’ that 
X might be acetonitrile (CH,CN) has been criticized on the 
grounds that it is difficult to explain its presence in the stratos- 
phere’. We now report laboratory studies of clustering equili- 
bria for H*(CH;CN),(H.O),, ions, which further support 
identification of X as acetonitrile. 

The measurements were made using a newly designed 
temperature-variable drift tube mass spectrometer which will be 
described in detail elsewhere’. In this apparatus the primary ions 
are produced in a separate ion source and are mass selected 
before they are introduced into the drift tube. The ions traverse 
the tube drifting in an electric field while they are subjected to 
reactions with reactant gases. Having passed the drift tube exit 
aperture the product ions are mass analysed. During the 
measurements described here the drift tube was operated at low 
electric fields (<2 V cm™') so that the additional ‘drift energy’ of 
the ions was <2% of the thermal energy and only minor 
temperature corrections have been applied for this effect. The 
gas pressures applied to the drift tube ranged from 0.2 to 3 torr 
and the temperatures from 220 to 400 K. Hydrogen was used as 
buffer gas to which the reactant gas CH;CN or H-O was added in 
amounts of 0.2-10% and the second of the two gases was only 
added in traces if mixed ligand clusters were to be observed. 
Primary Hz ions were injected into the drift tube and rapidly 
converted to H3 by reactions with hydrogen. Proton transfer 
reactions of these ions led to the core ions H,0° and CH CN*, 
which were subjected to further clustering and ligand exchange 
reactions. We assumed that chemical equilibrium had been 
established when a further increase of the buffer gas pressure 
and the reaction time did not change the ratio of product to 
precursor ion abundance. Absorption and desorption of the 
reactant gas at the walls of the drift tube made control of the 
reactant gas pressure difficult and introduced an estimated error 
of up to a factor of 3 in the measured equilibrium constant. 

The H*(CH;CN),(H20),, ions produced in the laboratory 
showed all the ion masses observed in the stratosphere by 
Arnold etal.'”, and essentially all ion masses detected by Arijs et 
al.*° at an altitude around 34 km (see Table 1). The measured 
equilibrium constants for association of H,O and CH;CN to 
different cluster ions are given in Fig. 1 for a temperature of 
227K (the ambient temperature during the stratospheric 
measurement in ref. 3). A comparison of the equilibrium 
constants for the proton hydrates with previous high-pressure 
ion source measurements’ also given in Fig. 1 shows a fairly 
good agreement. 

The results show that hydration equilibrium constants for 
heteromolecular clusters containing CH;CN molecules are 
generally lower than those for H*(H,O),, ions and they decrease 
with increasing number of CH,;CN ligands contained in the 


complex. The equilibrium constants for the H*(CH;CN), ions 
with p = 3 are remarkably low despite the large dipole moment 
of CH3CN. Thus, it seems that the ligand interaction between 
H-O and CH;CN and among CH;CN molecules is weaker than 
that between H,O molecules which is dominated by hydrogen 
bonding. This is consistent with the lower heat of evaporation of 
CH,CN compared with H20. 

A striking exception, however, is found for the ion 
H*(CH;CN);H,O which is the most stable ion containing four 
ligands and has a much larger equilibrium constant than the two 
precursors, H*°(CH;CN); and H*(CH;CN)=H.O. Using 
collision-induced dissociation, we found that decompostion of 
H"(CH;CN)3;H,O preferentially leads to the fragment 
H*(CH;CN).H,O, implying that the water molecule is bound 
more strongly than the acetonitrile molecules. Therefore, the 
high stability of this ion may be explained by a structural 
rearrangement, in which H,O* forms the core ion and the 
acetonitrile molecules are symmetrically attached to the three 
hydrogen atoms sharing the positive charge. A similarly 
enhanced stability was found for the ion H*(CH,CN),(H.O), 
among the ions with six ligands. An analogous symmetric struc- 
ture can be attributed to this ion in which the two water 
molecules attach to the proton leaving four, partly charged 
H-atom bonding sites for the acetonitrile molecules. 

In the stratosphere, hydration is sufficiently fast to attain 
hydration equilibria for all positive ions. Therefore the hy- 
dration equilibria of stratospheric X-containing and laboratory 
CH,CN-containing ions can be compared—as shown in Table 
2—-and a fairly good agreement is found. The laboratory results 
indicate that among the H*(CH;CN)3(H,O), family, 

“(CH;CN)3H2O should be the only detectable atmospheric 
ion, which is, in fact, shown by the stratospheric observations. 

The stratospheric observations of H,O-clustering equilibria 
are therefore consistent with X being acetonitrile. The only 
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Fig. 1 Measured equilibrium constants for H,O and CH,CN 
association reactions at 227 K. The equilibrium constants 210‘ 
(torr `) had to be extrapolated from higher temperatures. For 
H*(CH3CN)3-H,0 and H*(CH;CN),:(H2O), only lower limits 
can be given. The results for the proton hydrates are compared 
with measurements of Kebarle et al.. The estimated error of 
up to a factor of 3 valid for all measured values is indicated by 
error bars for the first points of the curves. O, H*(H,0),; O, 
HCH CN(H20)m; A, H"(CH3CN)2(H2O),; V, H*(CH3CN)3- 
(H,0),; @, H”(CH;CN),; W, H"H,O(CH;CN),; A, H*(H20)2- 
(CH3CN),; +, H”(H20),, (ref. 6). 
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exception is the observed ion with mass 136+ 1 AMU. Assuming 
that the previous identification, H*(CH,CN).(H,Q)s, is correct, 
the ion should be one or two orders of magnitude less abundant 
than observed. Therefore, this ion could result from reactions 
involving another trace gas, Y, and thus have the form 
H*Y(H,O), or H*YX(H,0),. If this cluster ion contains three or 
four ligands like the other observed heteromolecular clusters, 
the mass of the molecule Y should be 99+ 1, 8141, 76+1 or 
58+1 AMU. Possible candidates for Y are CHNO, (mass 77), 
C,H;CHO (mass 58), and (CH;)2CO (mass 58) which all have 
proton affinities in excess of 175 kcal mol’ and therefore should 
replace water molecules in proton hydrates in stratospheric 
conditions. Note that a recently detected® ion of minor abun- 
dance with mass 117 AMU may belong to the same hydrate ion 
family as the ion 136+ 1 AMU. Ifso, the mass of Y should be 99, 
80, 75 or 57 which would exclude all identifications suggested 
above. 
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Table 1 Observed stratospheric positive ions around 36 km altitude 





Measured abundance 


Ion mass for (%) 

Mass Identification X= CH;CN Ref. 3 Ref. 4 
55 HLO 55 3.4 5.5 
73 H*(H,0), 73 26.8(21.3)* 29.6 
78 H* X(H20); 78 7.2 8.4 
91 H (H:O); 91 8.9(17.8)* 2.8 
96 H*X(H,0), 96 19.6 44.4 

101 H*X,H,0 101 10.7 3.5 

114 H*X(H,0), 114 da 0.9 

119+1 H*X,(H,O), 119 16.1 49 

136+1 H’X H:O) 137 4.4 ne 

141+1 H°X,H,O 142 2.9 = 





* Values in parentheses are corrected for dissociation (see ref. 3). 


Finally, implications of the measured CH;CN clustering 
equilibria will be considered. Arnold ef al” have applied a 
steady-state treatment of the reactions converting the proton 
hydrates to cluster ions, containing 1, 2 and 3 X molecules, to 
their stratospheric ion composition data. They found that the ion 
family containing three X ligands is one order of magnitude less 
abundant than expected, assuming equal reaction rates for all 
three conversion steps. This was tentatively explained by a 
process converting the only observed ion with three CH;CN 
molecules, H*(CH3CN),H.O, back to cluster ions containing 
two CH; CN ligands. The process should be about 10 times faster 
than ion-ion recombination in the stratosphere around 36 km. 
The laboratory studies revealed that the CH;CN molecules are 
less strongly bound than H,O in the H*(CH;CN),;H.O complex. 
Therefore, two processes could be responsible for the backward 
conversion: thermal decomposition or ligand exchange of 
CH,CN for a H-O molecule. For the thermal dissociation, a free 
enthalpy value of AG ~ 13.8 kcal mol`’ is calculated for 227 K 
and a gas density of 4 x 10°% cm™’ to account for the observed ion 
abundances, while for the ligand exchange reaction AG = 
5.8kcalmol™’ is obtained for the concentration ratio 
{H,01/[X] = 3 x 10° (ref. 3). The corresponding values derived 
from the laboratory measurements for the CH,CN-containing 
clusters are AG >12 kcal mol’ and AG 23.6 kcal mol™'. A 
thermal dissociation or ligand exchange reaction affecting the 
H*(CH,CN);H-0O ion is also observed in the laboratory studies 
at large [H.O]/[CH3CN] ratios (> 10°). We therefore conclude 
that the AG values for both processes hardly exceed the lower 
limits given above by a large factor, which agrees well with the 
findings from the atmospheric observations. 

Thus the observed masses and abundances of positive stra- 
tospheric ions can be well explained by proton hydrates and 
H*(CH;CN),(H,O),, ion clusters. The ions 136+1 and 117 
AMU which do not fit into this scheme might reflect the influence 
of a stratospheric trace gas other than acetonitrile. 

Until now, no source of stratospheric acetonitrile has been 
known. The sharp decrease in fractional abuncances of X- 





Table 2 ~ Relative comparison of hydration equilibria of laboratory and 
stratospheric ions 


Abundance 

ratio Laboratory data Ref. 3 Ref. 4 
[96)/[78] i 7s 10% [H-0] 3.7 5.3 
[119}/[101] 3.5x 107"? [H20] 1.5 1.4 
[91}/[73] 3.5107? [H,O] 0.84 0.1 
(114]/[96] 2.2x 10 '*[H,0} ae 0.02 
[136+ 1}/[119] 4.7x10°7'* [H0] 0.27 ee 
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Ions are referred to by their mass number. 


containing ions above 40 km observed in rocket experiments” 
indicates that the source of X should be at heights below about 
35 km. Further ion composition measurements covering a larger 
height range may help locate this source and provide additional 
thermodynamic data on X-containing ions which can be 
compared with our laboratory results. | 

We thank Professor E. E. Ferguson for helpful discussions. 
Part of the project was funded by the Bundesminister fur 
Forschung und Technologie through GSF. 

Note added in proof: The kinetics of the switching reactions of 
proton hydrates with CH,CN has been studied by Smith et al.”. 
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Unusual PT dependence of thermal 
conductivity for a clathrate hydrate 


R. G. Ross, P. Andersson & G. Backstrom 
Department of Physics, Umeå University, S-901 87 Umeå, Sweden 


Molecular clathrate solids’ are crystals with peculiar and inter- 
esting properties. Their characteristic feature’ is that one chem- 
ical species, the ‘host’, forms a strongly bonded structure, which 
encages individual molecules of a second ‘guest’ species. There 
is virtually no chemical bonding between host and guest mole- 
cules. The guests are, nevertheless, firmly constrained by high 
energy barriers. X-ray and neutron diffraction experiments have 
shown that clathrates have a periodic structure typical of crys- 
talline solids. A clathrate hydrate’ is a host substance consisting 
of H,O molecules which form an ice-like, hydrogen-bonded 
structure. Huge geological deposits of clathrate hydrates 
containing natural gas are known to exist”’—these deposits may 
be exploitable, and in searching for clathrate hydrates know- 
ledge of the thermal conductivity, A, will be important. We 
present here a preliminary account of the first measurements of 
A versus pressure (P) and temperature (T) for a clathrate 
hydrate. We studied a clathrate hydrate encaging molecules of 
tetrahydrofuran. Thermal conductivity was measured using the 
transient hot-wire method“. The accuracy of the measurements 
was 3% and the precision 1%. The temperature dependence 
was found to be unusual in that à (T) has a positive slope (Fig. 
1), a feature never before observed with crystalline organic 
materials. Furthermore, when À was measured versus P, it was 
found unexpectedly that à (P) was constant—behaviour never 
before reported for a non-metallic material. 

The temperature dependence almost universally observed at 
T > 100K with crystalline, non-metallic solids is A(T) T~. 
This negative slope agrees with the theory of phonon-phonon 
scattering by the simplest umklapp mechanism. Positive slopes 
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of A(T) are encountered for non-crystalline materials in the 
glass state. Here topological structural disorder is considered to 
provide the dominant phonon scattering mechanism. Disorder 
fixes the phonon mean free path, and the positive slope of A(T) 
is attributed to variation of the heat capacity in the well-known 
formula for A due to Debye. A few inorganic crystalline solids 
have positive slopes of A(T), that is YBz,, KFeF 3 and FeAl,O,, 
and structural disorder has been invoked to account for this 
behaviour”. Orientationally disordered plastic crystal phases® 
are intermediate cases, showing a negative slope of A(T) but 
with much reduced steepness: A oc T~°?, 

All non-metallic materials previously investigated exhibit a 
finite slope of A(P), usually positive, as would be expected. A 
few cases of negative slope have, however, recently been dis- 
covered, one being ordinary ice”. The magnitudes of the slopes 
are most conveniently compared in terms of g =dInA/d Ino, 
where p is the mass density. For most cases g ranges from 3 to 
10, whereas for exceptional materials g = —2.6 (ice Ih)’ and 
g = ~6.2 (NH,F)'*"'. From the compressibility of a propane 
clathrate hydrate*”, on the other hand, we estimate |g|<0.2, 
which is an order of magnitude smaller than for other 
substances. 

The thermal conductivity of the clathrate was found to be only 
15% greater than for the corresponding liquid solution. This is 
in qualitative agreement with the only previous measurement 
for a propane hydrate*. The increase in A when going from liquid 
to an orientationally disordered plastic crystal phase” is typically 
5%, whereas a dramatic increase is usually recorded for a 


normal crystal’, $ 


Thermal conductivity (W m-! K~?) 





100 150 200 250 


Temperature (K) 
Fig. 1 isobaric variation with temperature of thermal conduc- 


tivity, A, of (tetrahydrofuran) -17.05(H,O) clathrate hydrate at a 
pressure of 0.1 GPa. 


Although the tetrahydrofuran clathrate hydrate is crystalline, 
there is in fact some structural disorder’. Recent neutron 
inelastic scattering results’? indicate reorientational motion of 
the guest molecules with an activation energy of ~0.01 eV. At 
temperatures of 100-300 K there would thus be frequent re- 
orientation of the guest molecules, which might provide a 
phonon scattering mechanism. We propose that this dynamical 
structural disorder causes a dominant thermal resistivity in our 
clathrate hydrate. From the pressure variation of A we conclude 
that the total resistive mechanism is virtually insensitive to 
changes in density, but we cannot yet exclude that this constancy 
is a combined effect of positive and negative contributions from 
the main scattering mechanisms. 

The phase diagram for mixtures of tetrahydrofuran and H,O 
versus P, T and composition is well known'*. The so-called 
structure II clathrate hydrate exists in a very narrow region of 
composition. At atmospheric pressure it occurs at a composition 
of (tetrahydrofuran) - 17(H,O) with congruent melting. We 
prepared our specimens by pouring a liquid solution of double- 


distilled H,O and spectroscopic-grade tetrahydrofuran into the 
Teflon measurement cell of a piston-cylinder high pressure 
apparatus. On decreasing the temperature at 0.01 GPa freezing 
occurred after 5K of supercooling and was detected by a 
marked thermal arrest at 277.0 K in agreement with the phase 
diagram™. Such thermal behaviour during solidification 
excludes the possibility of glass formation. The observed dis- 
continuity of A at the arrest temperature corroborates the 
conclusion that a first-order transition was induced on cooling. 
Experiments were carried out at four different compositions 
from 16.59 to 17.55 moles of H,O, and the variation of A versus 
T and P remained the same, although the absolute values of A 
differed by as much as 20% between the extreme cases. It is thus 
unlikely that the variation of A reported here could have been 
caused by phase separation in response to changes in P and T. 

It is reasonable to assume that natural-gas clathrate hydrates 
would behave similarly to the substance investigated here. One 
could thus expect A to be small and to change little over 
geologically relevant ranges of temperature and pressure. 

We thank Dr D. W. Davidson for suggesting this investigation 
and Dr G. A. Slack for useful discussion. The work was financi- 
ally supported by the Swedish Natural Science Council. 
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The release of 2,4,5-trichlorophenol (2,4,5-T) containing 
2,3,7,8-tetrachlorodibenzo-p -dioxin (TCDD) at Sèveso 
highlighted the need for an efficient control procedure for the 
highly toxic’ dioxin. The concomitant formation of the dioxin 
and the trichlorophenol during hydrolysis of sym -tetra- 
chlorobenzene has lead to demands for restrictions on the use of 
2,4,5-T and related herbicides’. An environmental hazard is 
also presented by pentachlorophenol* which includes the more 
highly chlorinated dioxins, in particular octachlorodibenzo-p- 
dioxin (OCDD). The use of pholychlorophenol formulations 
has been banned in Sweden on the grounds* that heat-stable 
chlorodioxins are formed during incineration; this also points to 
the need for degradation by chemical means. Dehalogenation of 
polychlorodibenzodioxins (PCDD) can be accomplished by 
photolysis in laboratory conditions“, but material adsorbed on 
soil is little affected’. Cleavage of the ether linkages with the 
formation of halophenols may be achieved by treatment with 
strong acids or quaternary ammonium salts*. The dibenzodioxin 
nucleus, is however, rather resistant to chemical attack’ and in 
the absence of a suitable control procedure the use of 2,4,5-T 
has been restricted in the US by the Environmental Protection 
Agency™™*, I now report the oxidative degradation of TCDD 
and related compounds by ruthenium tetroxide. 
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Ruthenium tetroxide is a powerful oxidizing agent which 
reacts with a wide range of organic substances’? including those 
aromatic compounds which are oxidized slowly, or not at all, by 
permanagnate’’. It may be safely used in solution in water or in 
organic solvents with no nucleophilic character, such as chloro- 
form, nitromethane or carbon tetrachloride. 

In a preliminary experiment we showed that 2,7-dichloro- 
benzo-p -dioxin (DCDD) is destroyed by ruthenium tetroxide in 
carbon tetrachloride solution on standing overnight at ambient 
temperature. The progress of this and related oxidations may 
be monitored by thin layer or preferably by gas chroma- 
tography,where a 2-m column of 5% OV1 on Chromosorb 750 
was operated at 195°C, with a nitrogen flow of 50 ml min”! 
giving a retention time of 162 s. 

Subsequent work on TCDD was carried our in collaboration 
with J. Harrison at the Chemical Defence Establishment, Porton 
Down. The progress of the oxidation of TCDD (C = 72 pg ml’) 
at ambient temperature in carbon tetrachloride containing the 
tetroxide (2x 10° pg ml', about 10 equiv.) was monitored at 
intervals by stopping aliquots with benzene (2 ml). Residual 
concentrations were determined by comparison of their electron 
response with that of a standard solution of TCDD (C = 
60 pg ml~') with the GLC operating at 230 °C. The half life of 
560 min was evaluated from the linear pseudo-first order plot of 





600 min 


200 400 


Fig. 1 Rates of oxidation of polychlorodibenzodioxins by 
ruthenium tetroxide. 


log (proportion residual)’ to time (Fig. 1). The rate of oxidation 
was considerably increased at higher temperatures: in carbon 
tetrachloride at 70°C and with the same concentration of 
reagents the half life of TCDD was <15 min. 

For general guidance, within this group of compounds, the 
temperature coefficient for the oxidation of 2,7-DCDD was 
determined. The rate of oxidation of this non-toxic substance at 
ambient temperature is similar to that of TCDD; it can therefore 
act as a mimic for TCDD in degradative studies. The kinetic 
investigation was carried out in carbon tetrachloride solution 
containing DCDD (70 pg ml~’) and ruthenium tetroxide (4x 
10° wg ml”); the results given in Table 1 were obtained from the 
linear plots of log (proportion residual)~' to time as illustrated 
for TCDD. 

The rate constants were obtained from the half lives after the 
induction period from the relation k = 1n 2/ts. The induction 
period diminished progressively as the reaction temperature 
rose and in these examples is probably associated with a free 
radical process, because the formation of radical-cations from 
dibenzo-p-dioxins has been demonstrated'* and these species 
have also been detected'> as intermediates in other oxidations or 
aromatic compounds by ruthenium tetroxide. 


The values for the energy of activation were calculated from 
the three rate constants using the Arrhenius equation giving a 
mean value of about 68 kJ mol™'. It follows from this that the 
rate increase per 10°C rise in this temperature range is about 
2.4-fold. 

It is possible to show that all members of the PCDD group are 
susceptible to attack by ruthenium tetroxide. This follows 
because octachlorodibenzo-p-dioxin (OCDD), with the most 
inactivating chlorine substitutents, is itself degraded in refluxing 





Table 1 Temperature dependence of the oxidation of DCDD® ruthenium 








tetroxide 
Tempera- Induction Total i after 
ture period half life induction k Eser 
CC} (min) (min) (min) imin™') (kJ mol‘) 
30 37 215 178 3.89 x107" 
66.65 
40 10 87 77 9.00 x 107? 454 
50 4 38 34 2.04 x 10°? l 





carbon tetrachloride (C =70 pg mI 7) by the oxidant (4x 
10° ug ml`'), with a half life of ~10 min. This result is also 
significant because of the possible enzymatic reduction of 
OCDD to dibenzodioxins of lower chlorine number: analogous 
changes occur’® during the metabolism of hexachlorobenzene. 

We have no evidence of the nature of the fragments formed 
during oxidation of the polychlorodibenzodioxins. However, 
the related chlorophenols undergo extensive decomposition to 
yield chloride ions and no significant levels of organic 
products’’. 

The present work shows that ruthenium tetroxide can be used 
both for the detoxification of glassware and artefacts, and for the 
periodical purging of industrial reactors to counteract the 
accumulation of polychloro-p-dioxin residues. When using the 
reagent note that there is some uncertainty in the total reaction 
time owing to the period of induction. The induction periods 
given in Table 1 were, however, reasonably reproducible and 
the delay is not significant at the higher temperature. To obtain 
information about reaction kinetics the oxidant was used in 
excess in carbon tetrachloride, but the method is also applicable 
to the oxidation of PCDDs with catalytic amounts of ruthenium 
tetroxide as the primary reagent and regeneration by a 
consumable secondary oxidant, such as hypochlorite. 

We thank Dr J. Harrison for DCDD and TCDD and Dr A. J. 
Dobbs for OCDD. This paper is Part 6 in the series ‘Oxidation of 
Aromatic Substrates’. It was presented in part at the Chemical 
Society Pollution Symposium in Belfast on 26 September 1979, 
and subsequently in London on 1 May 1980. 
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Pyroxene fractionation trends in igneous rocks depend on 
the magma composition and the conditions of crystallization. 
Four main types of pyroxene crystallization trend have been 
recognized in terrestrial igneous rocks (Fig. 1). These are 
the clinopyroxene trend of mildly alkaline basic 
magmas’”’; the clinopyroxene trend of Strongly alkaline basic 
magmas’; the two-pyroxene trend typical of tholeiitic mag- 
mas**; and the fwo-pyroxene trend typical of calc-alkaline 
intrusions’~’. The calc-alkaline pyroxene trends show restricted 
iron-enrichment as high Py, causes the crystallization of calcic 
amphibole (and biotite) in place of pyroxenes at a fairly early 
stage of fractionation. Ca-rich and Ca-poor pyroxenes from the 
Fongen-Hyllingen complex which coexist with hydrous mafic 
phases and initially have compositions very similar to those from 
calc-alkaline complexes, show extreme iron-enrichment in the 
late differentiates. This is the first recorded example of such 
extreme pyroxene fractionation in elevated Po conditions and 
this fractionation trend, accompanied by other distinct 
mineralogical features, warrants designation as a new type: the 
Fongen—Hyllingen trend. 

The 160 km’ Fongen-Hyllingen complex is an extremely 
differentiated basic intrusion, synorogenically emplaced in the 
_ Scandinavian Caledonides of the Trondheim region, Norway’, 
(LSE, 63°N). The complex was emplaced at a pressure of 

5-6 kbar before the regional deformation and metamorphism in 
amphibolite facies'’ peaked. Sufficient primary features remain 
for igneous trends to be studied in considerable detail. 

The complex consists dominantly of layered cumulates, of 
which a total thickness of ~10 km occurs in the intrusion as a 
whole. Cryptic layering reveals reversals to higher-temperature 
mineral compositions with increasing height in the cumulate 
stratigraphic succession, which is believed to reflect repeated 
magma influx'*. Despite these reversals, the highest tempera- 
ture mineral assemblage in the complex occurs at the base 
(olivine Fog, + picotite) and the lowest temperature assemblage 
occurs at the top in quartz-bearing ferrosyenites (albite, heden- 
bergite, ferro-edenite, ilmenite, apatite, quartz, K-feldspar, 
zircon, biotite and allanite). These syenitic differentiates, which 
grade downwards into layered ferrogabbroic cumulates, occupy 
<3% of the exposed area of the complex. Taking the entire 
stratigraphic sequence, olivine spans the range Fog, to Foy witha 
hiatus between about Fo,, and Fo,,, and plagioclase covers the 
range from Ango to An,s. Ca-rich pyroxenes vary from 
Wo,sEn,,Fs,, to Wo,7EngFs;; and Ca-poor pyroxenes span the 
range Wo,En,,Fs;, to Wo,En,;Fs,,. Inverted pigeonite first 
occurs at Fs,, (calculated on a Ca-free basis) and occurs 
sporadically together with primary orthopyroxene at composi- 
tions more iron-rich than this. Apparently magmatic grunerite 
occurs instead of Ca-poor pyroxenes in the later differentiates 
and reaches an Mg: Fe ratio of 12:88. Magnetite and ilmenite 
crystallize over wide temperature intervals. Calcic amphibole is 
an intercumulus phase throughout most of the complex, becom- 
ing a liquidus phase in the upper parts, as well as in sporadic 
layers in the lower part of the cumulate succession. Its composi- 
tion ranges from titanian pargasite to ferro-edenite. Biotite is a 
liquidus phase in the most fractionated rocks. 

The coexistence of two pyroxenes, the quartz-bearing nature 
of the final differentiates and the ‘olivine gap’ broadly indicate a 
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tholetitic parental magma. The detailed i gneous petrology of the 
complex will be published elsewhere. 

Broad beam microprobe analyses, ensuring reliable bulk 
compositions, were made of 30 Ca-rich and 20 Ca-poor 
pyroxenes representing the entire cumulate succession. 
Analyses of the most Mg-rich and Fe-rich pyroxenes are given in 
Table 1. While there is considerable systematic variation in the 
minor elements Ti, Al, Mn and Na the major trend of crystal- 
lization, represented in Fig. 1, is one of increasing Fe: Mg ratio 
and relatively constant Ca for both Ca-rich and Ca-poor 
pyroxenes. 

The Fongen—Hyllingen Ca-rich pyroxene trend is close to the 
calcic augite-calcic ferroaugite~hedenbergite trend of the Shi- 
ant Isles sill clinopyroxenes’, but the latter, which crystallized 
from a mildly alkaline basalt parent, do not coexist with Ca-poor 
pyroxenes. Clinopyroxenes of strongly alkaline basic magmas, 
such as those of the Shonkin Sag laccolith*, are enriched in Na 
and Fe** in the later stages and consequently their evolution, 
which is not ideally expressed in a En~Di-Hd—Fs diagram, bears 
no comparison with our pyroxenes. The Fongen~Hyllingen two 
pyroxene trend is very different in character from the Skzrgaard 
solidus trend“ (augite-ferroaugite-ferrohedenbergite with 
coexisting bronzite-inverted pigeonite) in the calcic nature of 
the Ca-rich pyroxenes, the extent of Fe-enrichment of the 
Ca-poor pyroxenes, and the very late appearance of inverted 
pigeonite. However, the Fongen—Hyllingen pyroxenes are very 
close to the Skeergaard subsolidus pyroxene trends’. The latter 
trends are based on microprobe point analyses of individual 
pyroxene exsolution lamellae/hosts, while our analyses were 
carried out using a defocused beam (diameter ~20 um; exsolu- 
tion lamellae on the micrometre scale) to provide solidus 


teenie penne 
Table 1 Broad-beam microprobe analyses of the most Mg and Fe-rich 
pyroxene compositions observed in the Fongen-Hyllingen complex 





Ca-rich pyroxene Ca-poor pyroxene 

Analysis no. A C D 
SiO, 49.58 48.73 53.37 47.29 
TiO, 1.03 t 0.26 0.11 
ALO, 5.07 0.26 2.97 0.42 
FeO* 7.10 29.75 15.33 45.40 
MnO 0.15 0.78 0.35 1.62 
MgO 15.20 t 26.63 5.34 
CaO 21,55 20.63 1.13 0.90 

Na,O 0.50 0.35 j t 
Total 100.18 100.50 100.04 101.08 


* All Fe expressed as FeO. 
T Below detection limit. 


compositions. This similarity is, therefore, more apparent than 
real and the Fongen-Hyllingen pyroxene compositions are 
consistent with crystallization under elevated P no, as indicated 
by the widespread occurrence of primary hydrous mafic phases. 

The Fongen-Hyllingen pyroxene compositions form exten- 
sions of the calc-alkaline pyroxene trends of the Guadalupe 
complex’”*. Guadalupe Ca-rich pyroxenes are restricted to the 
augite field and span the range Wo,3En,;Fs,. to Wo,3En39Fs>5, 
while the Ca-poor pyroxenes, which show no inversion from 
pigeonite, extend from Wo3EngoFs2, to Wo,En3<Fs,,. AS a 
result of crystallization under fairly high Pno in calc-alkaline 
complexes, the pyroxene liquidus surface is depressed, produc- 
ing Ca-rich clinopyroxenes and extending the field of primary 
orthopyroxene crystallization to iron-rich compositions. Ele- 
vated Pno also results in calcic amphibole being a liquidus 
phase at an early stage of fractionation, crystallizing together 
with two pyroxenes until the anhydrous pyroxenes become 
unstable and first Ca-rich pyroxene and then Ca-poor pyroxene 
cease to crystallize'*. Calcic amphibole, together with biotite, 
then crystallize as the only mafic minerals until the end of 
fractionation. 
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Fig. 1 a, Pyroxene compositions from the Fongen-Hyllingen 

complex. P, first occurrence of inverted pigeonite. No inverted 

pigeonites have been analysed. P is located in the pyroxene 

quadrilateral on tie line between coexisting calcic ferroaugite and 

ferrohypersthene. b, Comparison of the Fongen-Hyllingen 

pyroxene crystallization trend with those of other igneous 
complexes. 


The extreme pyroxene trend presented here, with highly 
calcic Ca-rich pyroxene reaching Mg-free hedenbergite and a 
very extensive Ca-poor pyroxene trend with two Ca-poor 
pyroxenes coexisting at Fe-rich compositions, represents crys- 
tallization under moderately elevated and increasing Pmo 
Water vapour pressure was higher than that typical of tholeiitic 
complexes but not high enough to produce the more restricted 
calc-alkaline trend. Other mineralogical features, such as the 
wide plagioclase and olivine fractionation ranges (reaching 
albite and pure fayalite respectively) and the occurrence of a 
small volume of syenitic differentiates as opposed to large 
volumes of granitic material, also distinguish the Fongen- 
Hyllingen fractionation from calc-alkaline complexes. We pro- 
pose that this new pyroxene fractionation trend be named the 
Fongen-Hyllingen trend. 

The Danish Natural Science Research Council and the 
Carlsberg Foundation provided financial support to study the 
Fongen-Hyllingen complex. 


Received 17 November 1980; accepted 21 January 1981. 


, Gibb, F, G. F. J. Petroli, 14, 203 (1973). 

. Aoki, K. Am. Miner, 49, 1199 (1964), 

. Nash, W. P., & Wilkinson, J. F. G. Congr. Miner. Petrol, 2§, 241 (19790), 

Brown, G. M. Miner. Mag. 31, 511 (1957). 

Brown, G. M. & Vincent, E. A. J. Petrol. 4, 175 (1963). 

, Atkins, F, B. J. Petrol, 16, 222 (1969). 

. Best, M. G. J. Petrol. 4,223 (1963). 

. Best, M, G. & Mercy, E. L. P. Am. Miner. 82, 436 (1967). 

. Nockolds, S. R. J. geol, Soc. Lond. 96, 451 (1941), 

. Wilson, J. R. & Olesen, N, Ø, Norsk geol. Tidsskr. §§, 423 (1975). 

: gree a @., Hansen, E. 8., Kristensen, L. H. & Thyrsted, T. Leid. geol. Meded. 49, 259 
1 l 

12. Esbensen, K. H., Thy, P. & Wilson, J. R. Norsk geol, Tidsskr. 58, 103 (1978). 

13, Nwe, Y. Y. Contr, Miner, Petrol, 85, 105 (1976). 

14, Cawthorn, R. G. Am. Miner. 61, 907 (1976). 


bab Set 


wd 
` 
I 
anaana A aAa aana mmama 


Nature Vol. 290 26 March 1981 





Submarine chutes on 
the slopes of fjord deltas 
David B. Prior & Wm J. Wiseman Jr 


Coastal Studies Institute, Louisiana State University, Baton Rouge, 
Louisiana 70803, USA 


W. R. Bryant 


Department of Oceanography, Texas A and M University, College 
Station, Texas 77843, USA 





The first side-scan sonograph images of submarine landslide 
chutes from arctic fjords presented here indicate that submarine 
slopes of fjord head deltas are subject to instability. The chutes 
transport sediment from the upper delta slopes into deeper 
water parts of the fjords. Previously, sediment distribution and 
budgets in the bottom of deepwater fjords were ascribed to 
settling of suspended sediment supplied by streams and rivers 
during the short summer melt period. Previous descriptions of 
submarine mass movements from some subarctic fjords have 
been limited to isolated major catastrophic events. The sono- 
graphs from an arctic fjord suggest that delta-front instability 
occurs as multiple small-scale events that recur at frequent 
intervals and are intrinsic to the fjord sedimentation system. 

The underwater topography of Adventfjord, a Spitsbergen 
fjord, and in particular actively prograding fluvioglacial deltas 
and their prodelta slopes, was examined using a side-scan sonar 
system. Chutes or delta-front gullies were distinctive features in 
some locations. Although the precise origins and functions of 
the chutes are obscure, morphological elements suggest that 
they may be due to underwater landsliding or mass movement 
processes; however, they are undoubtedly a significant 
component of some fjord delta geometries and associated pro- 
gradational and depositional mechanisms. The present sono- 
graphs are from a small fan delta formed by active deposition 
from Longyear River into the side of Adventfjord and a major 
delta at the head of the fjord, the result of deposition from a 
braided outwash stream network, Advent River. 

The submarine slopes in the fjord are steep. Water depths 
reach 30 m very close to the shoreline. Each delta has a well- 
developed planar bar formed by coalescence of adjacent dis- 
tributary mouth bars, which produces a relatively flat feature 
composed of sand, silt, and fine gravel and covered by 1-3 m of 
water at low tide (tidal range 1-2 m). The delta-front slopes, 
seawards of the bars, are steeply inclined at angles of 12~16°. At 
the base of the delta slopes the fjord bottom is essentially flat at 
water depths of 60 m. The deltas demonstrate classical slope 
geometry and sediment lithology with fine sands on the bars and 
upper slopes and grain size becoming progressively finer 
seaward. 

Chutes were observed in the upper slopes of the deltas 
between 5 and 30-m water depth, that is, where bottom slope 
angles are greatest. Typically the chutes begin on the steepest 
parts of the delta on the seaward margin of constructional 
aprons or bars, and are not incised into the nearshore surfaces of 
the bars. Thus, the chutes are not simply seaward extensions of 
distributary channels over the top of the submerged bars, but 
rather originate in arcuate re-entrants, with steep head slopes, 
cut into the bar fronts. The chutes usually exhibit an upslope 
bowl-shaped source region with an upslope scarp, an elongated 
narrow gully section, and a downslope extensive hummocky 
zone. 

Figure 1 shows a sonograph and interpretive map of a system 
of chutes radiating out from the bar front of the Longyear fan 
delta. The bar is extremely irregular, with some large scarped 
and stepped areas. The scarps occasionally seem to bound 
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Fig. 1 Side-scan sonograph of Longyear delta front and inter- 
pretive map. 


masses that have subsided and moved seawards. A fairly 
continuous scarp, extending around the front of the delta, shows 
major re-entrants immediately above distinct chutes. The chutes 
begin as bowl-shaped subsidence areas but become narrower 
farther downslope. The subsidence areas are typically 20-25 m 
across, whereas the elongate chutes average 10 m in width, are 
incised into the delta slope to depths of 2-5 m, and have no 
identifiable associated levees. The chutes show two distinct tonal 
patterns on this sonograph. In the central part of the delta, five 
chutes show very dark grey tones, whereas residual interchute 
ridges have relatively lighter grey tones. In contrast, chujes 
towards the edges of the fan are lighter toned than the interven- 
ing ridges. The precise reasons for such striking tonality 
differences are unknown but may be due to relative age, the 
darker toned chutes being relatively younger with incision 
exposing coarser-textured delta-front deposits, the lighter toned 
chutes being partially infilled by fine-grained deposits settling 
from suspension. Figure 1 also reveals that the lower 
(downslope) ends of the five freshest features are marked by 
irregularly shaped depositional areas of blocks and spreads of 
dark-toned sediments. 

Figure 2 shows a series of chutes on the braided outwash delta 
at the head of Adventfjord. Chutes again emanate from bowl- 
shaped source areas backed by scarps on the edge of the distal 
bar. The chutes are represented by lighter toned areas separated 
by dark-toned interchute ridges and intact platforms. They vary 
in width from 15 to 30m. In some cases adjacent chutes 
coalesce. The incisions are relatively shallow (<3 m) where the 
survey line crosses the chutes. Downslope from the chutes the 
delta-front slope is very hummocky, with contrasting light and 
dark tones, indicating considerable local relief over a large area. 
At one place, where several chutes converge, the downslope 
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area consists of several subparallel blocks and scarps. Other 
survey data show that the chutes are present across the entire bar 
front and that the middle delta slope is hummocky. The hum- 
mocks, blocks, and scarps decrease in size towards the foot of the 
delta slope, finally merging with the flat fjord floor. 

The origin of the features in Figs 1 and 2 is not precisely 
known. However, an attractive hypothesis is that the bow! 
sources, chutes, and hummocky slopes are due to submarine 
sediment mass movement on the actively prograding delta 
slopes. Mass movement (slope instability) is an important 
process in many other active delta environments. For example, 
detailed sonar mapping in the Mississippi Delta region has 
revealed similar mudslide gullies’. Other examples include the 
Copper River delta (Alaska)’, the Fraser Delta (British 
Columbia)", and the Esmeraldas and Magdalena deltas (South 
America)”'’. There is increasing evidence of sea floor sediment 
mass movement specifically in subarctic fjords and glacier-fed 
lacustrine delta areas. For example, one classic fan delta-front 
failure in Howe Sound fjord (British Columbia) caused exten- 
sive damage to adjacent buildings'', as did slide-generated 
waves in Kitimat Inlet (British Columbia)'*. A survey of the 
Howe Sound delta with side-scan sonar showed the presence of 
delta-front chutes'*. Similarly, the geological interpretation of 
relict and ancient fjord deltaic sediments is relying more and 
more On mass movement concepts and processes"*. 

The combination of circumstances in fjord deltas are 
conducive to slope failure. Bottom slopes are steeply inclined, 
and rapid progradation, especially during spring melt, causes 
temporary oversteepening and increases gravitational stress. 
Rapid deposition of sands, silts, and clays can cause local excess 
pore pressures, especially where fine sediment layers impede 
pore fluid drainage. Furthermore, bar sands are built out over 
previously deposited fjord bottom clays and glacial flour; the 
latter may not be able to accept the prograding bar loads, and 
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Fig. 2 Side-scan sonograph of Adventfjord delta front and 
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failures may result. Finally, upfjord winds can cause surface 
waves, which, as they shoal over the edge of the bar, may impart 
significant cyclic loading effects on the bar-front sediments. 

The chutes and subsidence areas on delta slopes in Spits- 
bergen can be interpreted as the result of avalanching or debris 
flow movement of the bar-front sediments. A cyclic wave- 
induced loading of the sediments can generate pore fluid pres- 
sures sufficient to liquefy the bar-front deposits, which are 
already at or near the submerged angle of repose due to normal 
rapid sedimentation. Similarly, locally rapid depositional over- 
steepening could have the same effect. The transport of sedi- 
ments down the chutes transfers loading stresses to the middle 
slopes of the delta, which may then, in turn, suffer failure, 
producing irregular hummocky terrain. 

As similar side-scan sonar surveys are made for other fjord 
deltas, it is anticipated that delta-front chutes and other results 
of mass movement processes may prove to be extremely 
common. 

This study was sponsored by the Arctic Program and Coastal 
Science Program of the Office of Naval Research, Arlington, 
Virginia. 
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Foraminifera distribution of 
provinces in the Gulf of Mexico 


Stephen J. Culver & Martin A. Buzas 


Department of Paleobiology, Smithsonian Institution, 
Washington DC 20560, USA 


Recent benthic foraminifera distribution patterns form the 
basis of much palaeoenvironmental (particularly palaeoba- 
thymetric) interpretation used by geologists. We have recently 
summarized the distribution of recent benthic foraminifera on 
the Atlantic continental margin of North America’ and report 
here the results of an analysis of all published data from the Gulf 
of Mexico. To obtain a synthesis of foraminiferal distribution in 
the Gulf of Mexico, a computerized catalogue of all published 
occurrences (presence or absence data) was compiled. Cluster 
analysis of these data isolated four large, marginally overlapping 
areas or provinces exhibiting a spatial correlation with Gulf of 
Mexico water masses. A fifth, smaller, discrete area (biofacies) 
was found at the mouth of the Mississippi delta. 

There have been 77 papers in the past 60 years describing the 
distribution of recent benthic foraminifera in the Gulf of 
Mexico. We compiled this information using a large computer 
system. Our files record the distribution of 1,219 species names 
from 426 localities’. Through synonymization using published 
illustrations and specimens deposited in the US National 
Museum and the British Museum, the number of species was 
reduced to 848. Because cluster analysis of commonly occurring 
species on the Atlantic continental margin produced compar- 
able results to analysis involving all species’, we used the 295 
most commonly recorded species (those occurring at 4% or 
more of the 426 localities) for cluster analysis of the Gulf of 
Mexico data. Due to computer limitations the number of locali- 
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ties involved in analysis was reduced randomly to 350. The data 
matrix was analysed in the Q-mode by clustering Jaccard 
coefficients by the weighted pair-group method” ”’. 

The cluster analysis produced four large, marginally over- 
lapping areas or provinces (Fig. 1): the Coastal, Inner Shelf, 
Outer Shelf, and Slope and Abyssal Plain Provinces. (The 
diagnostic species associations of the provinces will be published 
elsewhere.) A fifth, smaller, discrete area or biofacies is located 
at the mouth of the Mississippi River. 

Our analysis, based on all published presence or absence data 
for 295 commonly recorded species of benthic foraminifera, 
indicate that for the sampled littoral, inner shelf and outer shelf 
areas, the same foraminifera assemblages occur all around the 
Gulf and comprise the Gulf of Mexico Coastal, Inner Shelf and 
Outer Shelf Provinces respectively (Fig. 1). In deeper water, the 
Gulf of Mexico Slope and Abyssal Plain Province covers the 
whole sampled sea bed beneath depths of ~ 1,000 m (Fig. 1). 
Our circum-Gulf provinces agree with the pattern of benthic 
foraminifera distributions reported by Poag®, but he divided the 
deep basin into distinct eastern and western assemblages as did 
Dignes”. 

The provinces defined by our analysis seem to be unrelated to 
sediment substrate. For example, the Yucatan and west Florida 
carbonate shelves and the clastic northern Gulf of Mexico shelf 
east and west of the Mississippi delta are all included in the Gulf 
Inner Shelf Province. In agreement with macrofaunal patterns’, 
therefore, foraminifera shelf faunas on both sides of the 
Mississippi delta are generally the same. However, at the mouth 
of the delta, 10 localities group together as a discrete biofacies 
(Fig. 1). This group is considered to be too small and geo- 
graphically restricted to be referred to as a province, but its low 
diversity assemblage shows close affinities to the Outer Shelf 
Province assemblage. The position of this biofacies is probably 
related to oceanographic or sedimentological conditions related 
to the Mississippi River discharge. 

Various provincial schemes have been proposed for the Gulf 
of Mexico-Caribbean region using shallow water macro- 
invertebrates and fishes’ ’*. The northern Gulf coast from Cape 
Romano, Florida to approximately the Mexico-USA border is 
now generally considered to be part of the east coast of North 
America Carolinian Province”'*"*. The southern Gulf coast and 
the southern tip of Florida from Cape Roinano to Cape 
Canaveral is part of the Caribbean Province, which includes the 
West Indian islands and the northern coast of South 
America™!*!5, Other schemes involve greater subdivision ’”'* or 
the inclusion of all the Gulf of Mexico into a Caribbean 
Province”, 

We compared the shallow-water benthic foraminifera 
assemblages from the east coast of North America south of Cape 
Hatteras’ with shallow water assemblages in the Gulf of Mexico 
(data unpublished). An inner continental shelf Carolinian 
Province, similar in extent to that defined by macro- 
invertebrate assemblages (see above), does not exist for benthic 
foraminifera. That is, inner shelf foraminifera faunas of the 
northern Gulf of Mexico differ considerably from those of the 
shelf south of Cape Hatteras. Sixty commonly recorded species 
are present on the east coast Southern Shelf Province, and 172 
are present in the Gulf of Mexico Inner Shelf Province; only 42 
species (22% of a total of 189 species) are commonly recorded 
species in both provinces. The question remains whether the 
Gulf of Mexico, based on foraminifera data, is part of a larger 
Caribbean Province. 

A congruous relationship between foraminifera provinces 
and bottom water masses in the Gulf of Mexico is demonstrable. 
As for the Atlantic Coastal Province', we suggest the Gulf of 
Mexico Coastal Province is related to the marginal waters of 
bays, estuaries and lagoons. The Inner and Outer Shelf Pro- 
vinces show varying amounts of overlap. The distinction 
between these provinces can be related to the difference in 
magnitude of seasonal effects between the inner and outer shelf. 
The critical limits of the set of environmental variables affecting 
the foraminifera assemblages will be located at different 
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distances from the shore from year to year (or season to season): 
hence the considerable degree of overlap. The Inner Shelf 
Province on the southern margin of the Gulf may be less well 
defined due to sampling deficiencies or to decreased environ- 
mental variability, in particular less severe salinity changes due 
to.a relative lack of river discharge compared with the northern 
margin of the Gulf. 
| e depth limit of seasonal effects on water mass charac- 
teristics is ~ 100-200 m (refs 21, 22). This depth correlates with 
the basinward limit of the Inner Shelf Province. Although the 
open surface waters of the Gulf can be divided into eastern and 
western parts’, the deeper water, below ~ 1,000-1,500m, has 
generally uniform temperature, salinity and dissolved oxygen 
relations’°’’. Thus, the disposition of the pan-Gulf of Mexico 
Slope and Abyssal Plain Province (Fig. 1) agrees with that of the 
bottom water mass (that is, no division into eastern and western 
provinces) and an upper limit at ~1,000 m. In agreement with 
the provincial pattern presented here, distribution maps for 
Gulf of Mexico commonly recorded species* show that all 
Species, except one, that occur at abyssal depths range up on to 
: the slope or even the outer shelf. Thus, there is no solely abyssal 
association composed of species restricted to abyssal depths. 
We thank C. G. Adams, L. Isham, A. Lanham, C. McCloy, 
K. McCormick, D. Piacesi, D. Schnitker, D, J. Stanley, 
R. Cifelli and J. Whittaker for assistance. The research was 
supported by a Smithsonian Scholarly Studies Award. 
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Mimicry of antenna and photo- 
protective carotenoid functions 
by a synthetic carotenoporphyrin 
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Carotenoid pigments, ubiquitous in photosynthetic mem- 
branes, are essential for the survival of green plants’. Two facets 
of carotenoid function are recognized in photosynthetic 
membranes. First, carotenoids prevent the chlorophyll-photo- 
sensitized formation of highly destructive singlet oxygen by 
intercepting the chlorophyll triplet states*’° and may also 
scavenge additional singlet oxygen present'**, Second, caro- 
tenoids perform an antenna function by transferring the energy 
of absorbed light at the singlet excited state level to the chloro- 
phyll system for the execution of photosynthetic work’***, 
Nevertheless, the mechanisms by which carotenoids perform 
these functions are poorly understood. We now report that a 
unique synthetic carotenoporphyrin I consisting of a carotenoid 
part covalently linked to a synthetic tetraarylporphyrin success- 
fully mimics both the photophysical functions of carotenoids in 
photosynthesis. The explanation for this seems to be the close 
interaction of the carotenoid and porphyrin 7 -electron systems. 
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We have previously shown that singlet-singlet energy transfer 
from the carotenoid moiety of carotenoporphyrin II to the 
porphyrin is vanishingly small'’. Thus, simply placing a caro- 
tenoid in the proximity of a porphyrin is not enough to ensure 
antenna function. In I, on the other hand, carotenoid to 
porphyrin singlet-singlet energy transfer occurs with 25% 
efficiency'*. The enhanced energy transfer efficiency in I is due 
to the fact that unlike II, I adopts a folded conformation in which 
the carotenoid m-electron system lies directly over that of the 
porphyrin (Fig. 1). The close approach of the two chromophores 
suggests that an electron exchange interaction may contribute to 
the observed singlet-singlet energy transfer'’. In view of the fact 
that triplet-triplet energy transfer is necessarily mediated 
through exchange terms*’, and because singlet oxygen arises 
from the interaction of oxygen with a sensitizer triplet, we have 
investigated the photochemical and dynamic properties of the 
triplet states of I and II. 

Singlet oxygen can be conveniently detected by spectro- 
scopically monitoring its reaction with diphenylisobenzofuran 
‘DPBF)'. In Fig. 2, singlet oxygen production detected in this 
manner is plotted for a variety of sensitizers including I, II, anda 
simple tetraarylporphyrin, TI. In addition, the effect of added 





carotenoids on photoproduction of singlet oxygen by III is 
shown. The most striking feature is the essentially complete 
photoprotection afforded by I when contrasted with the exten- 
sive singlet oxygen production by IT. If efficient photoprotection 
were simply a matter of relative concentration with no specific 
geometric requirements, one might expect similar degrees of 
photoprotection in I and II. This is most definitely not the case, 
and an understanding of the results required a more detailed 
investigation of the photophysics of these systems. 
Consequently, we have carried out pulse radiolysis and laser 
flash experiments to monitor directly the evolution of the triplet 
states**. The properties of the carotenoid triplet states were 
established by pulse radiolysis. Population of the lowest triplet 
states of I, II and IV by pulse radiolysis in benzene through 
sensitization by biphenyl? resulted in a transient spectrum with 
Amex=535nm and er~eo~1.4x10°M cm, which is 
characteristic of a carotenoid triplet®*** (ey and £g are the 
extinction coefficients of triplet and ground states, respectively). 
Similar experiments performed with II resulted in an er~ Eg~ 
6.8 x 10° M~! cm7! at 440 nm, the transient difference spectrum 
being typical of a porphyrin. It is important to note that these 
transient spectra observed through pulse radiolysis for I, II and 





IV are the same: the spectra and extinction coefficients for I and 
II are not perturbed by the covalent linkage between the two 
chromophores. 

We now turn to the laser flash experiments. Figure 3 presents 
oscilloscope traces of the transient absorption changes with time 
for II after 353nm laser excitation. The porphyrin triplet 
observed at 440 nm (Fig. 3b) appears first with ti~ 1.5 ys. 
Concomitant with this decay, and in a 1:1 ratio, the carotenoid 
triplet observed at 535 nm (Fig. 3a) rises with the same fj. 
Subsequently, this absorption decays with t:~7 ps (Fig. 3c). 
Taking into account the carotenoporphyrin concentration and 
the maximum possible expected intermolecular triplet energy 
transfer rate, this result suggests that the carotenoid is quench- 
ing the porphyrin triplet state by an intramolecular energy 





Fig. 1 Idealized time average solution conformation for carotenoporphyrin I. The aromatic ring of the carotenoid moiety is ~4 A above the 
mean porphyrin plane. Hydrogen atoms are not shown. This conformation is based on proton NMR spectral data y 
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Fig.2 Bleaching of DPBF at 390 nm by singlet molecular oxygen. 
Filtered light (630 nm long pass cutoff, Oriel G-772~6300 and a 
water filter) from a 150-W tungsten halogen projection lamp was 






It is interesting to speculate on the implications of the above 
results for the elucidation of the photoprotective and antenna 
functions of carotenoids in vivo. A stacked conformation with 
close approach of the zr-electron systems was necessary in I both 
for antenna function in the singlet manifold (where energy 
transfer must compete with rapid internal conversion in the 
carotenoid)'”"*”” and for efficient suppression of singlet oxygen 
production via the triplet manifold (where porphyrin triplet 
quenching by the carotenoid must compete with quenching by 
abundant oxygen). Such a conformation was necessary because 
both processes require relatively strong electronic interactions 
between the carotenoid and porphyrin 7r-electron systems. 
Perhaps a similar arrangement of pigments, with a separation of 
only a few angstroms, is necessary in photosynthetic reaction 
centres. Indeed, results for I and II suggest that the photopro- 
tective and antenna functions of a particular carotenoid mole- 
cule in vivo may involve the same chlorophyll molecule, Such 
intimate and specific pigment-pigment interactions are doubt- 
less mediated by the higher-order structure of the pigment- 
protein complexes. Moreover, photoprotection requires a 
chromophore with a triplet energy below that of singlet oxygen 
(1eV). Such an organic molecule must have an extensive m- 
electron system and will therefore strongly absorb visible light. 


used to illuminate the solutions. Reactions were carried out in 
spectrophotometer cells open to the air at solution volumes of 
~2Zml. Sample temperature was 23+1°C. All solutions were 
prepared from freshly distilled toluene stored over molecular 
sieves. All compounds were purified by TLC immediately before l 
use except DPBF which was used as received (Sigma). The DPBF 
concentration was 2.1x10°°M in all experiments. W, 1.9x 
107f MI; @, 1.8 x 107° MII; A, 1.9x 107° MHI plus 1.9x 1076 M 

_ B-carotene; C, 1.9 107° M IH plus 1.9 107° M benzoate ester 
of 7'-apo-7’-(4-hydroxymethylphenyl)-f- carotene (IV); O, 2.0 
107° M IIL The wavelength monitored (390 nm) was chosen for its 

` -relative freedom from absorbance by chromophores other than 
JO DPBF: At each point the entire absorption spectrum (200- 
-1:800 nm) was acquired (Hewlett-Packard 8450 A spectrometer) to 
.. ensure that no other photochemical processes were occurring. 
_. Plotted absorbance values have been corrected by subtracting 
residual absorbance at 390 nm of the solution without DPBF 
> {typically Aao 0.06-0.09). The initial rates (Rọ) are (Atọ 
 Atys)/15's. Hlumination of 2.1 x 107° M DPBF showed the same 
-response as I within experimental error. There was no change in 

absorbance at 390 nm when 2.0 x 107° M I was illuminated. 
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transfer process. Figure 4 presents the results for a similar 
experiment for I. The behaviour of this carotenoporphyrin is 
strikingly different. The carotenoid triplet appears immediately 
(Fig. 3a); the porphyrin triplet state cannot be observed even at 
the time resolution limit (~30 ns) of our instrument (Fig. 3b). 
The quantum yield, determined by the comparative method’, 
for the formation of the porphyrin triplet state in III was 0.45 
whereas the quantum yield of carotenoid triplet state, and 
consequently also the yield for the formation of the porphyrin 
triplet state, was 0.23 in II and 0.12 in I. (These quantum yields 
are consistent with the increase in quenching of the porphyrin 
fluorescence from ITI to II to I'”'*, The competing nonradiative 
path from the porphyrin singlet state is of interest because 
electron transfer between the chromophores may be occurring. 
This mechanism has been proposed for the quenching of 
chlorophyll a fluorescence by 6-carotene’*.) 

From these results it is clear that the remarkable photopro- 
tective function observed for I (see Fig. 2) is a consequence of 
the extremely rapid quenching of the porphyrin triplet state by 
the carotenoid moiety. In vitro studies of bacterial systems have 
shown that quenching of the bacteriochlorophyll triplet state by 
carotenoid occurs with t:~20ns (ref. 6). The difference in 
porphyrin triplet quenching between I and II shows that achiev- 
ing the required quenching rates on the nanosecond time scale 
requires a conformation such as that found for I (Fig. 1), which 
allows a high degree of orbital overlap and therefore very strong 
exchange interactions. Such a conformation is not available 1 ws per div., 6.8% T per div.; c, carotenoid triplet absorption at 
for II. 535 nm, 5 us per div., 6.1% 8T per div. 
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Fig. 3 Transient changes in absorbance of II after 353 nm laser 
flash. The flash was from a Q-switched, frequency tripled neody- 
mium doped laser delivering 30 mJ with a half-peak-height pulse 
duration of 25ns. The flash photolysis apparatus has been 
described previously**. Samples were ~4x107°M in benzene 
solution and were deaerated by bubbling argon. a, Carotenoid 


triplet absorption at 535 nm, 1 us per div., 6.1% change in trans- 
mission (8T) per div. b, Porphyrin triplet absorption at 440 nm, 
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Fig. 4 Transient changes in absorbance of I after 353 nm laser 
flash. All conditions as in Fig. 3 legend. a, Carotenoid triplet 
absorption at 535 nm, 100 ns per div., 2.4% ôT per div. (inset is 
laser pulse swept at 20 ns per div.); b, absorption at 440 nm, 100 ns 
per div., 2.8% ôT per div. This change is due to depletion of the 
carotenoid ground state. c, Carotenoid triplet absorption at 
535 nm, 1 ps per div., 4.4% T per div.; d, absorption at 440 nm, 
1 us per div., 2.8% ôT per div. This change is due to the repo- 
pulation of the carotenoid ground state. 


Tae occurrence of a carotenoid—chlorophyll-protein ultra- 
structure which collects this light for photosynthesis while pro- 
viding photoprotection is characteristic of the economy of 
biological systems. 

Finally, biomimetic synthetic solar energy conversion systems 
using chlorophylls or porphyrins may well inherit problems with 
light-gathering efficiency and photoprotection similar to those 
encountered in vivo. As demonstrated above, carotenoid poly- 
enes might provide a biomimetic solution to these problems. 

This material was prepared with the partial support of the US 
Department of Energy, grant DE-FG02-79ER10545. This 
work was also supported by grants from the Cancer Research 
Campaign and the MRC. We thank Hoffmann-La Roche, Inc., 
for a gift of B-apo-8'-carotenal. 
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If a young monkey or kitten is monocularly deprived for a period 
of days or weeks, the ocular dominance stripes or patches 
formed in layer I'V of the visual cortex by the geniculo-cortical 
afferents driven by that eye become smaller, while the patches 
formed by afferents from the other, experienced eye, spread out 
and increase in size’*. One explanation for this effect is that it 
results from a disturbance of a competitive process which, 
during the first weeks of life, guides a ‘sorting out’ of the initially 
intermixed right and left eye inputs into complementary, largely 
non-overlapping territories’*. One feature of this process may 
be a local interaction between right and left eye synapses in 
which like synapses reinforce each other’s growth rates and 
cause rejection of the other eye’s synapses’. If this is the case, 
then the effect of monocular deprivation on the relative sizes of 
the two sets of columns can be explained by supposing that the 
strengths of the effects exerted by the deprived eye are 
reduced’. This explanation has a testable consequence: if both 
eyes are deprived of vision then each eye should be made less 
effective in eliminating the other eye’s inputs, and the overall 
rate at which the ocular dominance columns form should be 
decreased’. Although LeVay et al. found that columns were 
present in a 7-week old monkey reared in the dark from the age 
of 3 days, this result does not necessarily imply that the rate of 
column formation had been normal, because in normal monkeys 
the columns are well developed by 3 or more weeks of age’. I 
report here the results of transneuronal autoradiography in cats, 
which show that columns, as revealed anatomically, are 
undetectable in most parts of the visual cortex of cats reared in 
the dark for periods of up to 20 weeks, implying that visual 
experience is necessary for their proper formation. 

Six kittens were used; four were reared in complete darkness 
and studied at the ages of 8, 10, 16 and 20 weeks, while two 
normal kittens of 8 and 10 weeks of age served as controls. Each 
animal had its right eye injected, under Halothane anaesthesia, 
with 2 mCi of *H-proline dissolved in 100 yl of saline. They 
survived a further 12-14 days, after which they were given a 
lethal dose of barbiturate and perfused with 4% paraformalde- 
hyde in 0.1 M phosphate buffer. Frozen sections 30 um thick 
were cut in a horizontal plane through the visual cortex, moun- 
ted on gelatin-coated slides, defatted and dipped in Ilford K2 
emulsion diluted 1:3 with 1% glycerol‘. After exposure periods 
of 2 weeks to 2 months, the slides were developed in D19 
(Kodak), fixed in hypo, and coverslipped without counter- 
staining. 





Table 1 Degree of spillover in the lateral geniculate nuclei ipsilateral 
and contralateral to the injected eye 





Age (weeks) Right (ipsi) Left (contra) 
9, Q 
19 Normal 19 20 
8 9% 21% 
D, 
Dark-reared A us 
20 23% 12% 





The table shows the degree of spillover in the lateral geniculate nuclei 
ipsilateral and contralateral to the injected eye(which was always on the 
right side) of the normal and experimental animals. The amount of label 
present in the lamina (A or A1) not innervated by the injected eye is 
expressed as a percentage of that in the lamina which was innervated. 
There is no suggestion that spillover is more severe in the dark-reared 
animals. 

* Data unavailable. 
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As spillover of radioactive label into geniculate laminae not 
innervated by the injected eye has been shown to lead to an 
underestimate of the degree of segregation of the two eyes’ 
terminals in the visual cortex’, I also examined the effect of dark 
rearing on this. The procedure was similar to that of LeVay et 
al.*: 1-u~m Araldite sections of the lateral geniculate nucleus 
were cut, coated with emulsion and processed in the same way as 
the frozen sections. Grain counts were made in laminae A and 
Al, which are innervated by the contralateral and ipsilateral 
eyes respectively, and the ratio of the two values expressed as a 
percentage (Table 1). No systematic differences between dark- 
reared and normal animals were found, although spillover was 
usually more severe on the contralateral side’. 

The labelling pattern in both the 8- and 10-week old normal 
animals studied was similar to that found in normal adult 
animals*’ (Fig. 1). In layer IV of area 17, ipsilateral to the 
injected eye, the label formed patches 200-600 um wide, 
spaced at roughly 800-um intervals, with a level of label in the 
gaps between which was only slightly higher than the back- 
ground in adjacent layers of the cortex. In area 17 contralateral 
to the injected eye, the label was also distributed periodically, 
although the level of label in the gaps between the columns was 
higher than on the ipsilateral side. This probably results from the 
greater degree of spillover on this side. 

All four dark-reared animals gave similar results. Over most 
of area 17, on sides both ipsilateral and contralateral to the 
injected eye, the distribution of label was almost uniform 
(Fig. 2), although in some parts of the cortex, slight fluctuations, 
whose periodicity was not obviously abnormal, were present. 
The level of label in the troughs of these fluctuations was always 
much higher than in the gaps between the labelled columns in 
the corresponding hemispheres of normal animals. They were 
always more pronounced in the ipsilateral hemisphere and were 
less noticeable or absent in regions of cortex receiving inputs 





Fig. 1 Dark field autoradiographs fom single horizontal sections 

through the left and right visual cortices of an 8-week old normal 

kitten whose right eye was injected with radioactive label. The 

label has a periodic, patchy distribution in layer IV of both hemis- 
cD 


pheres. In this and Fig. 2, the left hemisphere is on the left-hand 
side, and anterior is uppermost. Scale bar, 1 mm. 
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Fig.2 Autoradiographs from the left and right hemispheres of an 
5-week old dark-reared kitten, whose right eye was injected. The 
distribution of label is nearly uniform in both hemispheres. 


from peripheral retina. Contrary to expectation they were, if 
anything, less noticeable in the older dark-reared animals. 

Although these results show that total visual deprivation 
interferes substantially with the process by which left and right 
eye terminals segregate to form ocular dominance columns. it 
remains unclear whether the deprivation is, as predicted, simply 
slowing the rate of segregation, in which case the columns should 
form eventually, or whether the process halts or even reverses 
after an intermediate stage of development. Some degree of 
development has occurred in the dark, because the fluctuations 
found in some parts of the cortex are absent from normal 
2-week old animals? (despite their several days’ visual 
experience). The dissimilarity between these results from cats 
and those from the 7-week old dark-reared monkey studied by 
LeVay et al^, which possessed an apparently normal set of 
ocular dominance columns, is also puzzling, but more experi- 
mental work is needed to clarify the nature of the difference. 

Cats reared in the dark for four or more months are known to 
be abnormally sensitive to the effects of monocular deprivation, 
judged by changes in the responsiveness of cortical cells to visual 
stimuli". This is at a time when similar deprivation would be 
without effect in a normal animal. The present results therefore 
support the idea that the critical period for monocular depriva- 
tion is linked to the time when left and right eye inputs to the 
cortex are incompletely segregated >+. 

I thank Lyn Cummings for technical assistance and Ralph 
Freeman for helpful discussions. The research was supported by 
grants to Professor H. B. Barlow from the MRC and the Royal 
Society. 
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The lysozymes of hen egg-white and bacteriophage T4 have 
similar catalytic properties but their amino acid sequences are 
not homologous. The question therefore arises whether they are 
derived from a common ancestral protein or have arisen 
independeatly. On the basis of the data we have gathered, it is 
shown here that the two enzymes are similar in the conformation 
of their backbones, in their modes of binding substrates, in 
specific protein-substrate interactions and in their presumed 
modes of action. We conclude that the two enzymes have 
diverged from a common precursor. This seems to be the most 
convincing example to date of the divergence of proteins with 
nonhomologous amino acid sequences. 

If anything, the large number of protein structures and amino 
acid sequences now known has confused rather than simplified 
the main issue of whether extant proteins have evolved from a 
small number of ancestral precursors or have arisen indepen- 
dently. When the amino acid sequences are closely homologous, 
there is no difficulty: three-dimensional structures are always 
similar, and it is reasonable to infer that there is a common 
ancestral protein. In the absence of sequence homology, on the 
other hand, the origin of two proteins is logically ambiguous. 
Functional and/or structural similarity may indicate either 
divergent evolution from a common precursor or convergent 
evolution from amino acid sequences arising independently. 

In many circumstances, tell-tale sequence homology is not 
readily apparent. The most notable example is the ‘nucleotide- 
binding domain’ of four NAD-dependent dehydrogenases and 
certain other enzymes'~*. Although the amino acid sequences of 
lactate, alcohol and  glyceraldehyde-3-phosphate dehy- 
drogenases are not obviously homologous, when the sequences 
are aligned in such a way that common structural features 
coincide, a degree of sequence homology becomes evident, 
suggesting divergent evolution. In other cases of enzymes with 
similar structures but no apparent sequence homology, the 
question of divergent or convergent evolution has remained 
open®*!. The greater the structural correspondence between 
two proteins, as estimated by a variety of methods*'°°?**, the 
more likely are the two proteins to have evolved from the same 
precursor, but structural similarity per se is no proof of diver- 
gence. In some instances, two domains of a single protein have 
been observed to have structural similarity but not sequence 
homology. The fact that the polypeptide chains of the two 
domains are contiguous, even though their sequences are not 
related, has been taken as evidence for gene duplication, that is, 
a special case of divergent evolution? 7°”. 

In the case of bacteriophage T4 lysozyme (T4L) and hen 
egg-white lysozyme (HEWL), there are additional critical fea- 
tures common to the respective structures which strongly 
suggest that the two enzymes have diverged from a common 
precursor. Correspondence between HEWL and T4L can be 
seen at three levels: (1) the respective backbones, (2) the 
locations of saccharides bound in the respective active site clefts 
and (3) specific protein—substrate interactions and the probable 
mechanisms of catalysis. 
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Rossmann and Argos* showed that, allowing for certain 
insertions and deletions, the amino-terminal half of T4L is 
structurally similar to HEWL. Of the 129 residues in HEWL 
and 164 in T4L, 78 a-carbon atoms were found to be 
‘equivalent’ and could be superimposed within a r.m.s. distance 
of 4.1 A. Notwithstanding the structural correspondence, the 
minimum base change per codon for the 78 ‘equivalent’ residues 
is 1.53, a value expected for two amino acid sequences chosen at 
random. Remington and Matthews” used a different method of 
comparing the two lysozyme structures and concluded that the 
agreement between them was significantly better than one 
would expect by chance. The part of T4L ‘equivalent’ to HEWL 
is shown in Fig. 1. 

Recently, we have completed a study of the binding of a series 
of mono- and oligosaccharides to phage lysozyme which has 
permitted a detailed comparison of the respective active sites of 
T4L and HEWL?!” We took the coordinates of the tetrasac- 
charide 8- lactone bound to HEWL"’, and, using the respective 
transformations between HEWL and T4L proposed by 
Rossmann and Argos* and Remington and Matthews’’, trans- 
formed these coordinates into the T4L coordinate frame. As 
summarized in Table 1, the centres of the four sugars agree 
within 1-2 A with the saccharide binding sites determined 
experimentally for T4L. The experimental data provide striking 
confirmation of the sugar binding sites in T4L predicted by 
Rossmann and Argos, and support their conclusions concerning 
the relationship between the two lysozymes. Furthermore, there 


‘is remarkable agreement (Fig. 2) between parts of T4L and 


HEWL which are critically important for substrate binding and 
catalysis. 

In the case of HEWL, Phillips and co-workers proposed a 
mechanism of action in which substrate strain in subsite D 
favours the formation of a carbonium ion intermediate which is 
stabilized by Asp 52, with Glu 35 acting as the proton donor®***. 
Subsequent work suggests that electronic stabilization rather 
than strain may be more important in promoting catalysis?" In 
the case of T4L, we see a close parallel*’*?. Here, model 
building suggests that, as with HEWL, a saccharide with the 
normal chair conformation cannot be accommodated in site D 
because of steric interference, but a saccharide in the sofa 
conformation, as in the proposed transition state, will fit into the 
D site. For HEWL, the critical close contact in site D is between 
Ci and the backbone C=0 of Gin 57. As can be seen in Fig. 2, 
an exactly analogous close approach occurs for T4L between 
C and the backbone C=0 of Gly 30. In addition, for both 
enzymes the NH of the adjacent peptide forms a characteristic 
hydrogen bond to the acetamido group:of saccharide C which is 
thought to help promote the preferential binding of monosac- 
charides in site C. 

Finally, Asp 20 of T4L is in virtually the identical position, 
relative to substrate, as Asp 52, and is ideally placed to stabilize 
the developing positive charge on the postulated carbonium ion 
intermediate. Glu 11 of T4L is close to, but not in exactly the 
same relative position, as Glu 35 of HEWL, and is salt linked to 
Arg 45, in contrast to the nonpolar environment of Glu 35. 
Assuming a slight conformational adjustment when substrate is 
bound, Glu 11 could move into the required position to act as 


Table 1 Comparison of predicted and observed saccharide binding 
sites for phage lysozyme 


Distance between predicted and observed site (A) 
Prediction based on 


Prediction based on the best agreement 


Saccharide 78 ‘equivalent’ between 80 contiguous 
subsite a-carbon atoms**? a-carbon atoms??? 
A 1.8 2.6 
B 1.5 1.6 
C 1.5 1.1 
D 1.5 1.2 
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Fig. 1 Stereo view of the a-carbon back- 

_ bone of bacteriophage T4 lysozyme showing 

the location of a bound oligosaccharide. The 

_ solid lines connect the 78 a-carbon atoms of 

phage lysozyme which have equivalent a- 
carbons in hen egg-white lysozyme’. 
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the proton donor, as Glu 35 is postulated to do in HEWL. 
(Additional details are given in ref. 32.) 

-Fhus, phage lysozyme and HEWL have similarities in their 
backbone conformations, in the locations of bound substrates 
and in the specific details of substrate binding and catalysis. 
These similarities strongly suggest that the two lysozymes have 
diverged from a common precursor. To argue for convergent, 
rather than divergent evolution, one would have to postulate 
that the similarities between the two lysozymes which we have 
enumerated all arose independently. We consider this unlikely. 

The two lysozymes provide an example of the changes in 
proteins which can occur during evolution. In this case the only 
amino acids which seem to have retained their identities are Glu 
11 (Glu 35) and Asp 2v ‘Asn 52), Other similarities between the 
respective lysozymes (Figs 1, 2) are at the level of the protein 
backbone rather than side-chain identity. As will be described in 
more detail elsewhere, the part of the upper lobe of T4E (Fig. 1), 
which has no counterpart in HEWL, seems to be involved in 
binding the cross-linking peptide of Escherichia coli cell walls. 
This peptide is required for substrates of T4L, but is not essential 
for HEWL. 

After the submission of this manuscript, Jung et al.*’ reported 


the locations of the four exons of HEWL. Exon 2 codes for - 


amino acids 28-32 and exon 3 for amino acids 82-108. Taken 
together, these two regions include the part of HEWL which is 
most similar to T4L and support the hypothesis** that exons may 
have been involved in the evolution of proteins. The same 
suggestion has been made independently by P. J. Artymiuk, C. 
C. F. Blake and A. E. Sippel (personal communication). 

This work was supported in part by a Swiss NSF Fellowship to 
M.G.G., a NIH Postdoctoral Fellowship (GM 05972) to 
W.F.A., NIH research grants GM 20066 and GM 21967, NSF 
grant PCM-8014311 and a grant from the M. J. Murdock 
Charitable Trust. We thank Dr Colin Blake for communicating 
his manuscript before publication. 








Fig. 2 Superposition of elements of. the 

active site of hen egg-white lysozyme (open 

bonds), including a bound tetrasaccharide, on 

the corresponding elements of T4 phage 

lysozyme (solid bonds and names under- 
lined), 
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An outbreak of horizontally transmitted malignant lymphoma 
in an experimental hamster holding facility was previously 
reported’. Retroviridae (oncornavirus) or other conventional 
oncogenic viruses (oncodnaviruses) could not be detected in 
these lymphomas by immunological methods, direct isolation 
procedures or electron microscopy’ but an infectious agent was 
clearly involved. The incidence of lymphomas during five 
recurrent epidemics ranged from 50 to J90% in young, inbred 
and random-bred Syrian golden hamsters exposed’. The agent 
seemed to be resistant to UV inactivation, formaldehyde vapour 
and other viricidal agents (chlorine and iodine), and stable for 
long periods in the absence of hamster hosts in the contaminated 
facility’*. Associated disease syndromes in exposed hamsters 
included severe enteritis, pyelonephritis, the occasional 
appearance of warts, poor breeding efficiency and intussuscep- 
tion'?. We now report the successful, cell-free isolation of an 
unusual, filterable agent prepared in protamine sulphate buffer 
from primary and animal-passaged lymphomas, which produces 
lymphomas with good efficiency when injected subcutaneously 
(s.c.) into newborn Syrian inbred (LSH) and random-bred 
(LVG) hamsters. The agent could be reisolated from these 
induced lymphomas and injected into other hamsters to 
reproduce the neoplastic condition. It showed characteristics 
suggested for a mammalian viroid (a non-encapsidated, DNase- 
sensitive low-molecular-weight, disease-causing, self-replicat- 
ing, naturally infectious nucleic acid). 

Various isolation techniques” were used in attempts to 
obtain cell-free, filterable agent responsible for lymphoma 
induction in young or newborn hamsters inoculated either s.c. or 
intraperitoneally (i.p.) (Table 1). None of these yielded cell-free 
oncogenic agent, but the incidence of ‘background’ lymphoma 
mediated by naturally transmitting agent among the hamsters 
housed in the contaminated facility was suppressed in hamsters 
challenged with non-oncogenic extracts of lymphoma, 
compared with placebo controls which received buffer or normal 
spleen extracts. In this report, data are given for the incidence of 
background lymphomas detected among control or test 
hamsters placed in the agent-contaminated facility. The 
incidence of background lymphomas can range from 0 to >50% 
in some rooms. Such spontaneous lymphomas contracted from 
agent in the facility were unavoidable because we could not use 
new facilities for each experiment. Previous work demonstrated 
that it was difficult to rid the unit of contaminating agent by 
extensive Sanitization that would destroy most viruses. 
However, background lymphomas were readily discerned from 
protamine sulphate (PS)-stabilized agent induced tumours by 
site of appearance. 

We obtained cell-free agent using a simple extraction method 
in which PS (0.01 mg ml~') was added to the extraction buffer 
(Fig. 1). Filtered (0.45-0.1 um) extracts of lymphoma prepared 
with PS were able to produce 40-95% lymphomas in trials 
carried out over 2 yr when inoculated s.c. into newborn 
hamsters. Two additional PS preparations were tested s.c. in 
newborns in a new facility which was free of contamination and 
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Table 1 Protection of hamsters against contagious lymphoma after 


injection of Moloney extracts of spontaneous intestinal lymphoma 
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Hamsters with lymphomas/survivors 
Test extract Control buffer 


Preparation (%) solution (%) 

Moloney extract: 

Trial 1 4/18 (22) 9/9 (100) 

Trial 2 0/16 (0) 4/11 (36) 

Trial 3 2/34 (6) 3/9 (33) 
Freeze~thaw extract 3/34 (9) 4/9 (44) 
Saline homogenate 1/11 (10) 3/9 (33) 
Phenol extraction” 

Trial 1 0/20 0/4 

Trial 2 0/30 0/7 

Trial 3 0/37 NT 
Hirt extraction” 

Trial 1 0/10 2/10 (20) 

Trial 2 0/23 1/9 (11) 
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The Moloney extract comprised 15 g of lymphoma extracted in citrate 
buffer and hyaluronidase (for methods see Fig. 1 legend). 0.5 ml was 
injected into the right rear legs of 3-4-week-old LVG hamsters. All 
solutions were passed through a 0.45-ym filter. All lymphomas recor- 
ded were at node sites in the peritoneal cavity or in the cervical-thymic 
node area. The freeze-thaw extract comprised 15g of lymphoma 
extracted after three repetitive flash freezes (~80°C) and slow thaw 
(25°C) in phosphate-buffered saline (PBS), pH 6.8. The solution was 
passed through a 0.45-ym filter and 0.05 ml injected i.p. The saline 
homogenate comprised 15 g of lymphoma extracted by homogenization 
in PBS and filtered through a 0.45-m membrane. 0.05 ml was injected 
i.p. Each group originally comprised 40-48 newborns. The survivors 
were rapidly reduced to those given by enteritis. Young hamsters which 
died from enteritis had no lymphomas at the time of death (2-6 weeks). 
Enteritis was not seen after 5~6 weeks, and was observed equally in 
control groups and in hamsters injected with lymphoma extracts. These 
trials were carried out in a new trailer unit. NT, not tested. 

*Lymphomas in these groups were detected in the lower flank, 
adjacent to the injection site. 


were oncogenic. These tumour preparations were from cell- 
free, PS agent induced lymphomas. When the same PS-stabil- 
ized extracts were injected i.p., there were fewer tumours in the 
injection area than after s.c. injection (data not shown). 

Electron microscopy using several staining methods’* on 
spontaneous lymphomas, animal-passaged lymphomas and 
concentrated PS extracts of lymphoma oncogenic in newborn 
hamsters were devoid of virions unique to the lymphomas. R or 
H particles and rare budding particles were infrequently obser- 
ved in normal and fibroblastic tissue and epithelial cells from 
lymphomatous hamsters, but these were also commonly detec- 
ted in non-exposed hamsters’ from breeder sources. We 
concluded that there were no virions or virus-like particles 
(VLPs) unique to lymphoma tissue or to uninvolved hair fol- 
licles, skin, spleen, gut, or normal lymphocytes of lymphoma- 
bearing hamsters. 

Preparations of lymphoma or serum from lymphoma-bearing 
hamsters were tested for mycoplasma, antibody to lymphocytic 
choriomeningitis virus, $V40, polyoma and SV5 and Reo virus, 
with negative results. Antibody to Sendai virus was present in 
healthy, breeder-supplied hamsters. In repeated trials, serum 


” from either lymphoma-bearing or their exposed, disease-free 


cage-mates failed consistently to neutralize PS-stabilized agent 
and prevent lymphoma induction. 

Hamster age was most important in maximum sensitivity to 
s.c. oncogenic challenge with PS-stabilized, filtered extracts of 
lymphoma (Table 2), with 1-day-old, but not 10-day-old, 
hamsters being most susceptible. The oncogenic agent in PS was 
readily inactivated by DNase but not by RNase or proteases 
(Table 3). 

Diener’? concluded that a viroid etiology should be consi- 
dered when: (1) no microorganism was consistently associated 
with the disease; (2) VLPs could not be identified in extracts or 
sections of diseased tissue by electron microscopy; (3) the 
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infectious agent was difficult to pellet by ultracentrifugation; and 
(4) nuclease treatment inactivated the agent. Fulfilment of these 
criteria alone does not constitute absolute proof of a viroid 
aetiology which depends on demonstrating non-encapsidated 
nucleic acid’®. 
We:suggest that this lymphoma agent is a naturally transmit- 
_ ting, oncogenic, naked DNA viroid-like agent whose origin and 
:- mode of transmission remain unclear. The agent is difficult to 
sediment in buffer, DNase labile, produces no unique virus 
particles in lymphoma tissue or normal tissues of the tumour- 
bearing host nor in concentrated, filtered oncogenic extracts, 
and requires PS for cell-free stabilization. It seems to be 
unrelated to known oncogenic Retroviridae or papovaviruses, 
and generates no neutralizing antibody in trials using tumour- 
bearer or disease-free cage-mate serum. We must still prove the 
existence of infectious nucleic acid to claim a viroid status for the 
oncogenic agent. 
Graffi et al.''"'° reported a similar disease in Syrian hamsters 
and attributed the cause to an unidentified budding virus of the 
Retroviridae family. They suggested that various agents, such as 
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Fig. 1 Lymphoma production using extracts of hamster 
lymphoma. ©, Control (no inoculations), Hamsters inoculated s.c. 
in rear flank: A, Moloney method; W, PS method (LSH recipients); 
©. PS method (LVG recipients); A, control (Moloney extraction 
buffer only); (J, control (PS solution only). Modified Moloney 
extraction method: a 6.6% suspension was prepared of intestinal 
lymphoma which had been finely minced in 0.153 M potassium 
citrate containing 1 mg of hyaluronidase per 100 ml. This was 
digested for 1 h at 25 °C with occasional mixing in a blender (15-s 
pulse) and homogenized in the blender in an ice bath (3 min). The 
extract was centrifuged at 2,500 r.p.m. for 20 min at 4°C and the 
middle supernatant (S,) collected. This was centrifuged again as 
above and the middle supernatant (S,) collected. S, was centri- 
fuged at 17,000g for I min at 4°C and the supernatant (S,) 
collected. S, was filtered through a 8-ym Biorad filter, then 
through a 1-um Biorad filter, and finally a 0.45-m Millipore filter. 
The S, filtrate was centrifuged at 40,000g for 1h at 4 °C and the 
pellet rinsed three times with 0.05 M sodium citrate buffer, pH 6.7. 
The pellet was resuspended in citrate buffer using I ml per g of 
original lymphoma and exposed to three |-s bursts with a sonicator 
to achieve cavitation. 0.1 ml was injected s.c. Protamine sulphate 
method: lymphoma (10-15 g) was minced to a fine suspension in 
Hank's balanced salt solution, and the final suspension forced 
through an 18-gauge needle. The cells were pelleted at 
1,500 r.p.m. for 10 min at 4 °C and the pellet washed twice with 
5 mi PBS, pH 6.8, per 5 g tumour used. The pellet was resuspended 
in PBS containing 0.01 mg ml”! PS, 0.01 M Tris, 0.001 M EDTA 
(pH8.0) and kept at 4 °C for 30 min. This was homogenized in a 
Dounce unit and centrifuged at 2.000 r.p.m. for 10 min at 4 °C. The 
supernatant (S,) was centrifuged in a 50 Ti Beckman rotor at 
10,000g (wt = 365) for 60 min at 4°C. The supernatant (S,) was 
filtered through a 0.45-pm Millipore filter, then a 0.22-um filter. 
0.1 ml was injected s.c. 
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SP a me ce lta 
Vable2 Relationship of age to susceptibility to lymphoma induction by 
cell-free, filtered preparations from spontaneous lymphoma | 


Final tumour 


Age of challenge incidence 
Protamine extract of: (days post-birth) (tumours/survivors, %) 
Normal hamster spleen 1 27/17 (12) 
5 1/12 (8) 
10 3/22 (9) 
Buffer alone i: 3/23 13) 
5 0/11 @) 
10 2/20 (10) 
Spontaneous lymphoma 1 14/20 (70) P <0.01* 
5 9/22 (41) P< 0.05 
10 3/24 (21) P > 0.05 NS 





A spontaneous lymphoma which appeared in the lymph node of the 
neck area (weight 5.3 g) was removed and extracted using the PS 
extraction method (see Fig. 1 legend). 0.05 ml of the final supernatant 
was injected s.c. into the lower rear quadrant of hamsters. Hamsters 
were challenged with extracts on the day indicated. All mothers were 
obtained from the Charles River Hamstery as primaparous and all 
groups were weaned and sex segregated at 21 days of age. Hamsters 
were palpated and examined weekly for evidence of tumour. The 
experiments were terminated at 222 days after birth and survivors 
autopsied for evidence of tumours. The last tumour was detected at 178 
days and the first appeared at 28 days. NS, not significant. 

* Significance by y? compared with normal spleen cell extract. 





Table 3 Susceptibility of oncogenic agent-producing lymphomas to 
DNase 





Cumulative no. lymphomas/ 
no. survivors. 
Days post-injection of neonate 
LVG hamsters 
Treatment 0 80 100 150 


None-——filtered PS-stabilized 
lymphoma extract alone (30 min, 


37°C) g 0/17 4/9 7/9 3/9 


DNase (30 min, 37 °C) plus filtered 


PS-stabilized lymphoma extract 0/20 0/16 0/16 0/18 
Trypsin (0.25% ; 20 min, 37 °C) 

plus filtered PS-stabilized 

lymphoma extract 0/16 8/16 16/16 — 


RNase (30 min, 37 °C) plus filtered 


PS-stabilized lymphoma extract 0/10 3/9 4/6 6/6 


Heat-inactivated DNase* (30 min, 


37 °C) plus filtered PS-stabilized 


extract 0/13 3/12 8/9 9/9 
Control-—PS-containing extraction 
solution only (no tumour) 0/15 0/14 1/14 1/14 





DNase, deoxyribonuclease 1, type 1, bovine pancreas (Sigma): RNase 


free, 250 pg ml”! As little as 50 pg ml”! gave the same result in another 
trial. Trypsin, type IX (Sigma), 0.5%. Papain was also ineffective in 
another trial. RNase, ribonuclease, type A-1. protease free (Sigma). 


* DNase was inactivated by boiling for 10 min before use. 


human tumour DNA and hamster papilloma DNA, could 


activate an endogenous C-type virus which induced the 


lymphomas observed. We find no evidence for such a retrovirus 


in our epidemic disease. M. Gardner (personal communication) 


found that saline could activate lymphoma in Graffi’s hamster 


stock; therefore it is possible that an agent identical to the one 
described here was being transmitted unrecognized in the Gra 
hamster. : 


There are several problems in resolving the nucleic acid 
nature of this lymphoma-inducing agent: (1) it is highly stable in 
the environment (facility contamination); (2) the bioassay used 


rte 


338 


to Getect the agent is long-term and expensive; (3) agent- 
producing cell cultures of the lymphoma have not been obtained 
despite extensive culture efforts—cells fail to grow in vitro; (4) 
reliable in vitro transformation of target cells by the agent has 
not been detected; (5) antigenic markers for the agent on 
transformed lymphoma cells are not yet sufficiently developed; 
and (6) other potential mammalian hosts are not susceptible to 
the agent. Work is being done to characterize this infectious, 
oncogenic DNA agent. 

We thank Dr T. O. Diener for helpful comments during 
preparation of the manuscript. This work was supported by NCI 
grant CA 23491, NIH. 
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(Na* +K*)ATPase contains two different subunits, a catalytic 
subunit (œ) and a subunit with uncertain function (B). The 
enzyme binds ATP, ouabain and vanadate, and can be phos- 
phorylated by ATP as well as by inorganic phosphate. From the 
previously reported maximal binding and phosphorylation 
capacities of 3.5-4.3 nmol P per mg protein™ (based on Lowry 
protein determination) and the earlier molecular weight value of 
~250,000°7, a molar binding and phosphorylation capacity of 
0.87-1.07 mol per mol enzyme was derived. As it is generally 
agreed that the enzyme molecule contains two a subunits'~ or 
even a multiple of two’, it has been suggested that the enzyme 
operates by means of a so-called ‘half-of-the-sites mechanism’, 
whereby only one of the two a subunits can be phosphorylated 
at any one time”’’. We now present evidence that every a 
subunit can be phosphorylated simultaneously, which rules out 
the operation of such a mechanism. 

We have recently shown that the molar ratio of the a and B 
subunits in the enzyme from the rabbit kidney is 1:1 (ref. 11), 
We have also determined the molecular weights of the subunits 
by sedimentation equilibrium analysis in the absence of deter- 
gent. After correction for carbohydrate and residual phos- 
pholipid contents, we obtained protein molecular weights of 
120,600 for the a subunit and 42,800 for the 8 subunit. This 
means that the smallest unit, containing the catalytic subunit, 
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would be an ap dimer with a protein molecular weight of 
163,400. | 

During these studies we noticed considerable discrepancy 
between results of the commonly used modified Lowry 
method’? with bovine serum albumin as a standard and the 
absolute method by means of quantitative amino acid analysis. 
Recently, Craig and Kyte® have also indicated that the Lowry 
method may give falsely high results for this type of membrane 
protein. We have, therefore, compared the Lowry protein 
values for a number of (Na* + K*)ATPase preparations with 
those from the absolute method of quantitative amino acid 
analysis in the presence of an internal standard (Table 1). The 
protein values obtained with the Lowry method are 1.345 
(s.e.m. 0.018, n = 6) times greater than those obtained with the 
absolute method. 

This finding has far-reaching consequences for several 
parameters of (Na* +K*)ATPase, such as its turnover number 
and specific activity, and especially its phosphorylation capacity. 
Nearly all published values for these parameters are based on 
Lowry protein determinations according to the original pro- 
cedure’ or to modifications of this method; it would now seem 
that these values are generally too low. 

We have also reinvestigated the phosphorylation capacity and 
found that the removal of endogenous ATP, which is added 
during purification of the enzyme to stabilize it, lowers the 
specific activity by 21% (s.e.m. 6, n = 11). We have, therefore, 
determined the phosphorylation capacity both with and without 
prior removal of endogenous ATP. Results, plotted as phos- 
phorylation capacity against specific activity for a given prep- 
aration, are shown in Fig. 1, with technical details in the legend. 
A linear relationship between these two parameters is found, 
with the values obtained with or without removal of ATP before 
phosphorylation falling along the same line. For the most active 
preparations a phosphorylation capacity of 5.6 nmol P per mg 
protein (based on amino acid analysis) is obtained, slightly 
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Phosphorylation level (nmol P per mg protein) 
Da 


0 1,000 2,000 3,000 
ATPase activity (mol P, per mg protein per h) 


Fig. 1 Relationship between phosphorylation capacity and 
specific activity of 41 purified (Na"+K*)ATPase preparations 
from rabbit kidney. The enzyme was prepared as previously 
described’. Activity was determined according to Schoot et al.” 
and protein by quantitative amino acid analysis as described in 
Table 1 legend. Phosphorylation was carried out as described 
before‘ (34 preparations) or with the modification that the 
enzyme is phosphorylated without prior removal of endogenous 
ATP (seven preparations). In the latter case excess [y-* P]ATP 
(1-2.5 mM, diluted with cold ATP) was added. In both cases there 
is the same linear relationship between phosphorylation level and 
specific activity of (Na"+K*)ATPase. The equation for the 
regression line, calculated by the method of least squares, is 
y = 1.737.107 x +0.219 (r = 0.90). 
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Table 1 Protein content of rabbit kidney (Na* +K*)ATPase deter- 
mined by the Lowry method and by amino acid analysis 
E E ele te EA 


Amino acid 

Preparation Lowry analysis Ratio 

no, method (a.a.a.) Lowry/a.a.a. 
(mg protein ml™') 

d 4.80 3.67 1.308 

2 1.52 1.14 1.333 

3 2.01 1.47 1:367 

4 2.03 1.48 1.372 

5 1.67 1,19 1.403 

6 2.05 1.59 1.289 


Mean 1,345+0.018 (s.e.m.) 
Samanea 


A 100-pl aliquot of a (Na” +K~)ATPase suspension (~ 2 mg protein 
ml”) in 0.25 M sucrose, 10 mM Tris-HCl, 1 mM EDTA (pH 7.4) was 
added to a glass tube containing 150 nmol norleucine, followed by 
300 yl 7.6 M HCI. The tube was vacuum sealed and hydrolysed in the 
dark for 24h at 105 °C. After 10 min centrifugation at 20,0002, amino 
acid analysis of the supernatant was carried out in a modified JEOL type 
JLC-6AH amino acid analyser. The results of the amino acid analysis 
were corrected for incomplete hydrolysis of valine and isoleucine and 
degradation of serine and tryptophan’’. The protein content was cal- 
culated by summation of the amino acid weights. Parallel samples of the 
(Na”+K~)ATPase suspension were analysed for protein according to 
Lowry et al." after trichloroacetic acid precipitation as described by 
Jørgensen”. 


higher than the recently reported’* value of 5.3 nmol P per mg 
protein. 

The maximal phosphorylation capacity of 5.6 nmol P per mg 
protein at an aß dimer protein molecular weight of 163,400 
corresponds to 0.92 phosphorylation site per aß dimer. As even 
a highly purified enzyme preparation is not 100% pure on a 
protein basis (as seen by the appearance of minor protein bands 
beyond the two prominent bands belonging to the a and 8 
subunits on SDS-gel electrophoresis, data not shown), this value 
is a Slight underestimation of the true phosphorylation capacity. 

Thus we conclude that every aß unit has one active phos- 
phorylation site. As the molar binding values for ATP, ouabain 
and vanadate equal the phosphorylation level’’, our results also 
indicate that each af unit can bind one molecule each of ATP, 
ouabain and vanadate. As the most likely subunit composition 
of the enzyme is a28 (ref. 11), we may safely conclude that the 
a,8, tetramer has two phosphorylation sites, which can be 
phosphorylated simultaneously. This rules out the operation of a 
‘half-of-the-sites mechanism’ in (Na* +K*)ATPase from rabbit 
kidney. 

We thank Annie M. M. Fleuren-Jakobs for technical assist- 
ance. 
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Approximately 20% of patients with acute lymphocytic leuk- 
aemia (ALL) have leukaemic blasts with features of pre-B cells! 
which are the recently characterized precursors of B lympho- 
cytes in normal development (for a review, see ref. 2). Pre-B 
cells isolated from normal bone marrow or fetal liver, and 
malignant cells from patients with pre-B cell leukaemia, are 
rapidly dividing lymphoid cells that contain cytoplasmic 
immunoglobulin x heavy chains, but have no detectable surface 
immunoglobulin. The resemblance of immunoglobulin- 
containing ALL cells to normal precursors of B lymphocytes and 
their availability in relatively pure preparations allowed us to 
explore them as models of early stages in the differentiation of 
the B-lymphocyte line. We report here observations on the 
occurrence of intermediate pre-B/B-cell phenotypes, immuno- 
globulin isotype switching and the asynchrony of immunoglo- 
bulin heavy and light chain expression in 30 cases of ALL and 3 
cases of chronic myelogenous leukaemia in lymphoblastic crisis 
(CML-BC). 

Heparinized bone marrow from patients with untreated ALL 
or with CML-BC was examined after lysis of erythrocytes with a 
hypotonic solution of ammonium chloride. Surface immuno- 
globulins were detected by immunofluorescent staining of fresh, 
viable cells with fluorochrome-conjugated, affinity-purified goat 
anti-human u, y, a, «x and A antibodies, as described 
elsewhere’. Intracytoplasmic immunoglobulin was detected by 
immunofluorescent staining of cells that had been centrifuged or 
smeared on to glass slides, fixed in cold 95% ethanol, 5% acetic 
acid and washed in buffered saline as described elsewhere’. 
Differently coloured fluorochromes (rhodamine and fluorescein 
isothiocyanates) were used to stain cells before and after 
fixation, which allowed us to distinguish between surface and 
cytoplasmic determinants in single cells. In some patients 
observations were reproduced using a completely different set of 
reagents: fluorochrome-conjugated F(ab’), fragments of rabbit 
anti-human u, y,a,« andà antibodies as described elsewhere’. 
Terminal deoxynucleotidyl transferase was detected by indirect 
immunofiuorescence using a rabbit anti-terminal deoxynucleo- 
tidyl transferase serum* and fluorescein-conjugated goat anti- 
rabbit Fab. Results of immunofluorescence studies represent 
concurrent observations of at least two of the authors. 

In 1 year we found 33 patients with intracytoplasmic 
immunoglobulin-positive lymphoblastic leukaemia. In 31 of 
these at least 10% of marrow blasts contained cytoplasmic and 
no surface immunoglobulin, as originally observed in pre-B 





© 1981 Macmillan Journals Ltd 


340 









100 { 
x 
b 
m 
g0 “ 
E-A 
8 : 
F 
3 
S Ps 
S 
E 60 
3 ‘ 
= 
g ‘ 
£ è 
£ x 
xe 40 
m 
m 
ee 
30 oe 
è 
o H 
~~ ele 
| | Six ote 
0 l xx Bee otc Ais PT: 
. 644444644 
| 4444246444 
-u y a 


Immunoglobulin heavy chain expression 


Fig. 1 Surface and cytoplasmic expression of immunoglobulin 

isotypes in leukaemic cells, x , Surface u; @, B, A, cytoplasmic u, Y 

and y chains, respectively. Horizontal bars represent the mean 

percentage of marrow mononuclear cells expressing intracyto- 
plasmic immunoglobulin of each class. 


leukaemia. In contrast, normal pre-B cells comprise 
only 1.0+£0.6% of human marrow mononuclear cells’. 
When taken collectively, blasts of pre-B phenotype accounted 
for 66.7% of the leukaemic cells in these patients (Fig. 1). In 
individuals, however, leukaemic cells of identical morphology 
were sometimes found to be composed of three distinct popu- 
lations based on immunoglobulin expression: cells showing no 
immunoglobulin, cells with intracytoplasmic immunoglobulin 
only, and cells with both intracytoplasmic and scant amounts of 
surface p. In three patients cells of the latter type accounted for a 
large proportion (42, 49 and 82%) of the lymphoblasts (Fig. 1). 
This phenotype, also observed by Brouet et al.’ and Greaves et 
al.®, is thought to represent cells at a stage of differentiation 
intermediate between that of the pre-B and B-cell stages. 
Several features distinguish these ‘intermediate’ cells from 
mature B lymphocytes: they have persistent expression of 
cytoplasmic u chains and the nuclear enzyme, terminal deoxy- 
nucleotidyl transferase; and in two of three cases the sparse 
amounts of u chain on the cell surface were not associated with 
detectable light chains. 

As in previous studies'’, many patients with pre-B leukaemia 
had a very small proportion of a leukaemic cells that expressed 
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cytoplasmic y or a chains in addition to cytoplasmic p. 
However, in five of our present patients, cells containing y 
chains accounted for a relatively large proportion (> 10%) of the 
leukaemic population, sometimes outnumbering p-containing 
leukaemic cells (Fig. 2, Table 1). 

In addition to the 31 patients already described, one with 
ALL and one with CML-BC had a small proportion of lympho- 
blasts (8% and 6%, respectively) that contained only y heavy 
chains. Unlike the previous cases, u chains (and other non-y 
chains) were undetectable in both the y-positive and y-negative 
lymphoblasts from these individuals. As y-containing cells 
comprised <10% of mononuclear cells in the marrow of these 
patients and u chains were not detected, they did not conform to 
our original definition of pre-B cell leukaemia. However, there 
is evidence for the immaturity of these leukaemic cells and 
for their distinction from IgG-secreting lymphoplasmablasts: 
(1) the distribution and intensity of immunofluorescent staining 
with a pattern identical to that of u-staining in pre-B cells; 
(2) the co-expression of cytoplasmic y and nuclear terminal 
deoxynucleotidyl transferase in double immunofluorescence 
studies; and (3) the absence of detectable light chains in freshly 
collected lymphoblasts. Note also that x chains were found in 
10% of the y-positive lymphoblasts from the patient with 
CML-BC when leukaemic cells were cultured for 24 hin RPMI 
1640 medium supplemented with fetal calf serum. 

Cells from 15 patients were examined for surface and 
cytoplasmic « and A light chains (Table 1). In only four of these 
were cytoplasmic light chains found in most of leukaemic cells 
containing u heavy chains. Light chains usually were present in 
only a small proportion of cells containing heavy chains, or were 
undetectable. In five patients (see Table 1, patients 1, 2, 4, 10 
and 11) when leukaemic cells were examined simultaneously for 
light and heavy chains by double immunofluorescent staining, 
the expression of cytoplasmic « chains was associated with that 
of y heavy chains. No surface light chains were detected in the 
absence of surface heavy chains. 

Analysis of leukaemic cells from our patients with ALL and 
CML-BC reveals that immunoglobulin expression in the pre-B 
group of leukaemias is less homogeneous than originally 
thought (Fig. 2). Cells carrying sparse surface u, probably 
representing an intermediate pre-B/B-cell stage of develop- 
ment, were predominant in three patients. The infrequent 
expression of light chains relative to u chains in pre-B leukaemic 
cells from most of these patients agrees with similar results 
reported by Brouet et al.” and Greaves et al.”. An asynchrony in 
the expression of cytoplasmic u heavy chains and light chains 
has also recently been observed in murine cells of pre-B pheno- 
type from normal fetal liver’, Abelson virus-infected bone 





Table 1 Cytoplasmic immunoglobulin expression by lymphoblasts 
from patients with ALL or CML-BC 
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Ig heavy chain Ig light chain 

Patient Diagnosis u y a K A 
1 ALL 10 25 <] 25 <1 
ALL 81 10 <I 15 <] 
3 ALL 92 <] <] § <<] 
4 ALL 36 13 «< 14 <i 
5 ALL 99 5 <I <] <] 
6 ALL 95 3 <j <1 <] 
$ ALL 93 4 2 3 3 
8 ALL 90 <] <1 70 <] 
9 ALL 86 4 <] 87 <] 
10 ALL 65 25 <I 25 <i 
1] ALL 10 20 <I 20 <Í 
I2 CML-BC $1 <] <] e <i 
13 CML-BC 3 9 <j 2 <I 
14 ALL «j 8 l 2 <} 
15 CML-BC <i 6 <] i <] 





Results are expressed as percentages of positive cells among bone 
marrow mononuclear cells. 
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Fig, 2 Phenotypes observed in immunoglobulin-containing 
lymphoblastic leukaemias. Six patients were selected to demon- 
strate the heterogeneity of immunoglobulin expression in immuno- 
globulin-positive lymphoblastic leukaemias. A representative cell 
phenotype comprises at least 5% of the leukaemic cell population. 
In each case a varied number of leukaemic blasts expressed no 
detectable immunoglobulin and could be described as ‘null 
phenotype. The surface x” leukaemic cells in patient e may 
represent a developmental stage intermediate between that of 
pre-B and B cell. Both these cells and the y* cells in patient f had 
no detectable light chains, but contained nuclear terminal deoxy- 
nucleotidyl transferase. Dashed arrows show suggested directions 
of differentiation. 


marrow-derived cell lines'’, and pre-B/myeloma cell hybrid- 
omas’*. In humans the study of bone marrow and fetal liver also 
indicates that only a small minority (<10%) of normal pre-B 
cells co-express x or A light chains with « heavy chains; most 
normal human pre-B cells express only a (H. Kubagawa, 
unpublished results). In contrast to these results and obser- 
vations in most patients with pre-B leukaemia, x light chains 
were detected in >5% of leukaemic cells from seven of our 
patients, usually in -containing cells, and their incidence coin- 
cided with the expression of y chains in five patients. However, 
the absence of y chains in cytoplasmic p", «~ cells from two 
patients, and the absence of light chains in y~ cells from two 
others, precludes any simple explanations for y and light-chain 
concurrence during differentiation. 

The expression of a second heavy chain isotype in some of 
our patients’ leukaemic cells has not been previously observed in 
normal human pre-B cells. There are two possible explanations 
for this: because y chains were observed in a small population of 
leukaemic cells from a minority of patients with pre-B leuk- 
aemia, class switching may be a rare event at the pre-B stage of 
differentiation. Therefore, it would be difficult to detect a small 
population of y-containing cells among the ~1% of y-positive 
pre-B cells present in normal marrow using conventional tech- 


0028~-0836/81/130341--03$01 06 


niques, although we have made considerable efforts in this 
direction. Alternatively, the y chains found in these leukaemic 
cells may reflect abnormal regulation of immunoglobulin gene 
expression related to malignant transformation, rather than the 
sequential events of normal B-lymphocyte development. 

Whichever the case, our results indicate that the mechanisms 
responsible for the isotype switch from u to y chains and for 
light chain gene expression are operable at a stage in B-cell 
development before the expression of surface immunoglobulin 
and antigen receptors. We suggest that cells containing cyto- 
plasmic y chains and with the phenotypes described here, reflect 
early stages in the development of normal B cells, perhaps 
representing patways alternative to the major sequence of 
maturation. 

We thank Drs G. Flandrin, D. Buriot, G. Duhamel of Paris, 
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of melanotrophic 
activity of y-MSH in fish 
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When adrenocorticotropin (ACTH) and @-lipotropin (LPH) 
are enzymatically cleaved in the pituitary from their common 
precursor molecule, a glycopeptide with an apparent molecular 
weight of 16,000 remains (reviewed in ref. 1). Sequencing of a 
cDNA copy of the bovine pituitary mRNA for the precursor 
molecule demonstrated that, within the region encoding the 
16,000-molecular weight (MW) glycopeptide, there was a short 
sequence homologous with the a-melanocyte-stimulating 
hormone (a -MSH) contained in ACTH and the 8 -MSH within 
§-LPH?’. It was therefore proposed that the region of homology 
coded for a y-MSH which might have biological activity, 
although synthetic peptides containing this sequence were 
shown to have poor melanotrophic activity’. In the pars inter- 
media further rapid enzyme modification converts ACTH to 
a-MSH and corticotropin-like intermediate lobe peptide 
(CLIP), and B-LPH to B-MSH and B-endorphin. Although 
smaller peptides containing the y-MSH structure have been 
detected in extracts of the bovine pars intermedia**, the major 


© 1981 Macmillan Journals Lid 


a Nature Vol, 290 26 March 1981 





post-translational products of the 16,000-MW fragment are 
present mainly as large glycosylated peptides'*. We report here 
that a major peptide product of the neurointermediate lobe of 
the dogfish pituitary which we had previously shown to lack 
melanotrophic activity has a y -MSH-like structure. Therefore if 
y-MSH is a peptide with a function it is not one shared with the 
melanotrophic hormones. 

In our previous studies, peptides analogous to mammalian a- 
and 8-MSH were characterized from extracts of the neuro- 
intermediate lobe of a more phylogenetically ancient species, 
the dogfish (Squalus acanthias )°, the final purification of which 
is shown in Fig. 1. Peak A was identified as dogfish 8-MSH 
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Fig. 1 Asgg; MSH activity is shown by the hatched areas. The 
column (0.6 cm i.d. 7 25 cm length) was developed with a concave 
gradient running from 20 to 500 mM trimethylamine acetate, pH 5 
(total volume 150 ml), and 1-ml fractions were collected every 
20 min. A, B and C denote peaks of MSH activity. (From ref. 6.) 


whilst B and C were two forms of a -MSH (C was found to be the 
C-terminally amidated form of B). At concentrations where 
peaks A and B showed potent MSH activity, D and E were 
inactive. 

Peaks D and E stored from the previous study were repurified 
by preparative high-pressure liquid chromatography (HPLC, 
1x 10cm Spherisorb ODS 10 pm) developed with a methanol 
gradient (40-80% in H,O, containing 1% trifluoroacetic acid). 
Amino acid analysis of samples of each purified peptide after 
both acid and enzyme hydrolysis’ gave identical compositions: 
Asn,, Thr,, Gly,, Met,, [le,, Tyr,, Phe,, His,, Lys., Trp, and 
Arg,. E was deduced to be a C-terminally amidated form of D in 
view of its higher amimonia values and its more basic behaviour 
during purification on CM-cellulose (Fig. 1). D (50 pg) was 
submitted to automated sequence analysis and gave the unam- 
biguous structure shown in Fig. 2, which also shows the 
equivalent sequence predicted from the bovine cDNA study and 
comparisons of the other two species of melanotrophins. 

Although there is little sequence homology between D (and 
its amidated form E) and the y -MSH bovine sequence, their lack 
of melanotrophic activity compared with the two other dogfish 
peptides, a - and 8 -MSH, and the poor melanotrophic activity of 
synthetic bovine y-MSH peptides? suggest that their assignment 
as y-MSH peptides is correct. It is interesting to note here that 
the unconservative substitutions in the core sequence of dogfish 
8-MSH compared with bovine 8 -MSH (Phe for Met and Gly for 
Glu) have maintained its potent MSH activity whilst both y- 
MSHs which have a more recognizable core sequence (Met-X- 
His-Phe-Arg-Trp) are comparatively inactive as melanotrophic 
peptides. 

The poor periodic acid-Schiff staining of the dogfish (and 
other fishes, for example, teleosts) intermediate tissue” suggests 
that the fish y-MSH/ACTH/LPH precursor is not glycosylated, 
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Fig. 2 Comparison of the known and predicted sequences of bovine and dogfish MSH peptides. Sequence analysis of dogfish y-MSH was 

carried out in the JEOL-47K sequence analyser using 3 mg Polybrene as carrier. The normal protein programme was used with 0.5 M Quadrol as 

the reaction buffer. The nitrogen-dried phenyl thiazolinone cerivatives were converted to their phenylthiohydantoin derivatives by treatment 

with 100 wl 0.5 M HCI at 70°C for 10 min. After addition of 20 u! 1M trisodium citrate the derivatives were directly analysed by HPLC 

(Altex-ODS, 10-40% acetonitrile/tetrahydrofuran in 10 mM triethylamine phosphate, pH 3, 20 min). Confirmation of samples was carried out 
by amino analysis after back hydrolysis with HI (150°C, 24 h). 
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as in the mammals, near the y- MSH region. It may be this lack of 
glycosylation that allows the precursor to be processed to the 
two y-MSH-like peptides in fish but not in mammals. Their 
occurrence as major peptide products of the pars intermedia and 
the C-terminal amidation suggest a biological role for these 
peptides in the fish but it is unfortunate that the term y-MSH 
‘was coined for such peptides when they have little if any, 
melanotrophic activity in an animal, like the dogfish, which 
responds to changes in background by altering skin pig- 
mentation. 

We thank the Biochemical Journal for permission to 
reproduce Fig. 1 and Dr J. P. Sumpter for comments. 
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During a type I allergic reaction histamine, slow-reacting 
substance of anaphylaxis (SRS-A) and other mediator 
substances are elaborated from specific tissue sites’. In allergic 
asthma these sites are in the lung and the mediator substances 
cause airway obstruction by contracting smooth muscle and 
altering mucociliary function? *, Unlike histamine, slow-reac- 
ting substances (SRSs) have been assessed very little for their 
roles in obstructive airways disease. This has been partly due to 
the fact that their chemical nature was unknown until recently 
and thus pure samples were not available for pharmacological 
studies. However, SRSs isolated from both immunological and 
non-immunological reactions have been identified as a 
combination of two related lipid substances—leukotriene C, 
(LTC) and leukotriene D, (LTD)**; thus it is now possible to 
use pure SRSs (leukotrienes) in pharmacological studies of 
airway smooth muscle. LTC and LTD have been shown to 
contract guinea pig tracheal and lung parenchymal strips* but 
there is no evidence that these substances produce similar effects 
on human lung tissue. To clarify this, in vitro pharmacological 
studies were done to determine the actions of LTC and LTD on 
smooth muscle strips of human bronchus, pulmonary vein and 
artery, and lung parenchymal tissue containing smooth muscle 
components and pleura. As indicated in a preliminary report’, 
all four types of tissues contracted in a dose-dependent fashion 
to the leukotrienes, although these substances only function as 
partial agonists, 
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Lung tissues were obtained from 14 patients undergoing | 
lobectomy or pneumonectomy for isolated peripheral 
pulmonary lesions. Samples of bronchus, pulmonary vein, 
pulmonary artery and parenchyma were dissected free and 
placed in oxygenated Krebs’ solution. The bronchial, pulmonary 
venous and pulmonary arterial samples were then cut into spiral 
strips 1x4x40mm; parenchymal strips, with and without 
pleura, were cut in strips about 5x5x40mm. These were 
placed in an organ bath system containing Krebs’ solution and 
drug responses were examined. SRS peaks I and II were 
obtained from rat peritoneal monocytes by methods described 
elsewhere®". Peak I was identified as leukotriene D, (ref. 9) and 
peak H as leukotriene C, (formerly designated LTC-1)"°. 

A cumulative drug application procedure'' was used to study 
the contractile effects of all the agonists, as well as the 
antagonistic action of FPL 55712 against the leukotrienes, on 
the four types of lung tissue. All drug concentrations are 
expressed in molar units. LTD and LTC molarities were deter- 
mined by converting Upjohn SRS units of activity into moles of 
leukotriene (LTD: 1 U = 20 pg, molecular weight (MW) = 495: 
LTC: 1 Ux 24+2 pg, MW = 625) and dividing by the dilution 
volume in litres. 

The log dose-response curves for carbachol, histamine (both 
Sigma), LTC and LTD on human bronchial smooth muscle are 
shown in Fig. 1. Carbachol and histamine elicited fast onset, 
sustained, dose-dependent contractions, although the bronchial 
tissue was consistently more sensitive to carbachol over the full 
range of the dose-response curve. Carbachol also produced the 
greatest magnitude of contraction compared to the other 
agonists. Both carbachol and histamine were active over a wide 
dose range (5 x 10°°-5S.5 x 10°* M) with pD, values (calculated 
as —log EDso) of 6.301 and 5.658, respectively. Submaximal 
effects of both agonists were easily reversed when they were 
washed from the organ baths. | 

However, responses to the leukotrienes were markedly 
different: both LTC and LTD caused human bronchial smooth 
muscle to contract but the responses had a delayed onset and 
slow development time. The contractions were well sustained 
(that is, they did not fade) and were dose-dependent. As can be 
seen in Fig. 1, the bronchial tissue was most sensitive to LTC 
although this leukotriene produced maximum responses that 
were only 60-70% that of the maximum responses to carbachol. 
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Fig. 1 Log dose-response curves for carbachol (@), histamine 
(®), LTC (A) and LTD (W) on human bronchial smooth muscle. 
Tissues obtained from patients undergoing thoracic surgery for 
carcinoma were cut into spiral strips and maintained in 20 ml 
jacketed organ baths containing oxygenated Krebs’ solution, 
pH 7.4, at 37°C. Contractions were measured semi-~isometrically 
with Grass FT .03 C force displacement transducers and recorded 
on a Beckman R511A polygraph. Initial tensions ranged from 1 to 
2 g; raw data were collected as active tension (g). Data points are 
expressed as a percentage of the maximum carbachol response (left 
ordinate) and a mean active tension scale (right ordinate) is shown 
for comparison. Each point represents the mean +s.e.m. of three to 
seven experiments, 
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vein (PV) and pulmonary 
artery (PA) to selected 
agonists and the 
antagonist, FPL $5712. 
Contractile responses are 
shown in terms of active 
tension (g) generated per 
unit of time (min). Drugs 
were added to the bath in 
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LTD similarly acted as a partial agonist. Both the leukotrienes 
were active over a narrow dose range (3 x 10°°-5 x 107° M) with 
pD, values of 8.022 for LTC and 7.620 for LTD. Human 
bronchial tissue was more variable in its responsiveness to LTC 
and LTD than to carbachol or histamine. It was also found that 
leukotriene-induced contractions were reversed when these 
substances were washed from the baths. Furthermore, exposure 
of tissues to leukotrienes (followed by washing) before addition 
of another agonist did not alter the tissue responses to the 
second agonist. 

The SRS-A antagonist, FPL 55712 (Fisons), inhibited LTC- 
and LTD-induced contractions of human bronchial smooth 
muscle. The upper trace in Fig. 2 shows the response of a human 
bronchial strip to LTD (600 U = 2.4 107° M) followed by the 
addition of FPL 55712. The rate of inhibition was slow 
and the concentrations of FPL 55712 required to abolish 
completely the LTD contraction were high (2.6x 10M), 
although the antagonism was clearly dose-dependent. No 
specific anti-histamine effect was observed with high doses of 
FPL 55712; the antagonist alone had no effect on the tissues. 

The contractile effects of the leukotrienes and other selected 
agonists on human parenchymal tissue, pulmonary vein and 
pulmonary artery were also examined to a limited extent. 
Examples of traces are shown in Fig. 2. In general, the vaso- 
active amines, histamine or 5-hydroxytryptamine, were more 
active than LTC or LTD on each of these three types of lung 
tissue. The parenchymal tissue was slightly more sensitive to 
LTC (threshold 150 U) than LTD (300 U) and gave a slightly 
greater maximal contraction (LTC 60%, LTD 35% of the 
histamine maximum). Pulmonary vein and artery were not as 
responsive to the leukotrienes as the airway tissues and the 
responses were characteristically slow in onset and development 
compared with the amines. 

These results suggest that LTC and LTD may act as airway 
spasmogens when released by an allergic reaction in the human 
lung. Our data show that human bronchial smooth muscle was 
very sensitive to the leukotrienes although both substances 
acted as partial agonists compared with carbachol. Previous 
studies??? have shown that human bronchial smooth muscle 
contracted in response to crude preparations of SRSs; however, 
our results show that the distinctive ‘slow reaction’ is caused by 
the leukotrienes. Dahlen et al.' have described similar findings 
with LTC and LTD. 
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The inability of the leukotrienes to elicit a maximum contrac- 
tile response, the delayed onset of contraction and the slow rate 
of FPL 55712 antagonism suggest a mechanism of action on 
human lung smooth muscle which differs from that seen for 
other agonists. Such differences indicate that the mechanism of 
action of the leukotrienes is not closely linked to the contractile 
apparatus. 

In these studies, neither LTC nor LTD had preferential 
activity on central (bronchial) versus peripheral (parenchymal) 
airway smooth muscle. As the parenchymal tissues obtained 
were from patients with usually significant emphysema, the 
reactivity varied considerably from one tissue to another and we 
may thus have limited our ability to see a preferential peripheral 
response. However, this seems unlikely because unreactive 
tissues failed to respond to all agonists, whereas reactive paren- 
chymal strips not only contracted to agonists but in the same 
approximate dose range as for the bronchial strips. 

These results suggest the possibility that leukotrienes C and D 
may play a major part in human bronchial asthma. 

Histamine and carbachol were from Sigma and FPL 55712 
was from Fisons. We acknowledge the support of the Canadian 
and British Columbia Lung Associations and B.C. Health Care 
Research Foundation. We thank Drs J. C. Hogg and J. M. 
Nelems for their contributions and Mrs L. Hare for typing the 
manuscript. C.J.H. is a Canadian Lung Association Fellow. 
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REVIEWS 


Genes and culture: an awkward hybrid 


THIS little book is an attempt by authors 
who are sophisticated and accomplished in 
their own field of evolutionary biology to 
fit human culture into their scheme of 
things. I therefore opened it with some 
anticipation. The first chapter is a sensible 
and persuasive exposition of the claim, 
which will be uncontested by all who 
understand what a modest claim it truly is, 
that living organisms may usefully be 
treated as machines programmed to 
propagate copies of the genes responsible 
for the programming. The authors note the 
danger that such language 
can lead the unwary imagination toa forest 
glade where tiny pixies work their will by 
casting spells on inanimate objects, but 
such good literary fun should not bother 
the reader who keeps firmly in mind the 
true aimless nature of DNA and who 
remembers that the apparently gene- 
serving behaviour of organisms is an 
equally aimless consequence of natural 
selection. Counting on our readers to 
distinguish the laws of natural selection 
from the spells of pixies, we will use the 

- image of a purposeful gene to pursue the 

problem of the origin of learning [p.2]. 

Ah what touching trust; | cannot resist a 
wistful sigh. Pixies, hobgoblins, demons 
and ogres, there will be readers who will 
find them all lurking in the most 
unassuming and innocent prose, provided 
only that ‘“‘gene’’ is juxtaposed with 
language redolent of the bogy world of 
computers and automation. 

Pulliam and Dunford make use of the 
language of automation in their second 
chapter, ‘The Cybernetic Lizard vs. the 
Toxic Ants’’. This chapter is part of their 
long drawn out construction of a niche for 
learning in the genes-eye view of life. The 
ethological reader familiar with Konrad 
Lorenz’s classic Evolution and 
Modification of Behavior (Methuen, 
1966), or with his later work Behind the 
Mirror (Methuen, 1977), may wonder if the 
conclusion Pulliam and Dunford reach, 
important and correct as it is, really needs 
quite such sustained and protracted 
rediscovering. Once you start thinking 
functionally, it certainly makes sense that 

“tthe genes, by controlling neural 
~ development of the brain, set a learning 
program that determines how flexible or 
stereotyped an individual’s behavior will 
be” (p.22). And, moving to the next 
chapter, “Emotion and Decision’’, 
ethologists will need little persuading that 
evolution of emotions has a lot to do with 
“genetic selection for decision criteria to 


Richard Dawkins 


Programmed to Learn: An Essay on the 
Evolution of Culture. By H. Ronald 
Pulliam and Christopher Dunford. 
Pp.138. (Columbia University Press: 
1980.) $10, £5.77. 


guide learning. Genes exert control over 
the behaviour of their survival machines by 
controlling the development of the neural 
mechanisms that determine which 
experiences evoke which emotions” (pp. 
26-27). Konrad Lorenz and other 
ethologists should be given some credit for 
long ago hammering home the idea that 
“the genes had to define good and bad for 
their agent”, and that ‘The solution has 
been to create emotional sensations within 
the animal agent which makes it want to 
avoid ‘bad’ experiences and repeat ‘good’ 
ones” (p. 41). 

The authors are now ready to move on to 
their main subject of culture, which they 
interpret in the common biological sense of 
traditional behaviour inherited by non- 
genetic means. Their chapter ‘‘Shortcuts to 
Learning’’ makes the reasonable point 
that, among the ‘‘values’’ which a 
successful gene might be expected to build 
into its agents’ learning programs, is a 
predilection for copying the ways of 
respected indidividuals. ‘‘We might 
sometimes think to ourselves, ‘If they say it 
is good, it is probably good’.’’ An animal 
can shortcut the normal learning process 
by picking up useful tricks from other 
animals. The Japanese macaque stories 
give their usual good service in this 
connection and, mercifully, we are spared 
the now almost obligatory emphasis on the 
fact that the great Imo was both female and 
young when she made her brilliant 
innovations. 

After an interlude on economic 
exchange theory, we move on to ‘‘The 
Mathematics of Culture’’, a useful 
summary of the Cavalli-Sforza and 
Feldman models of cultural inheritance. 
There are, of course, immense difficulties 
in the path of any attempt to apply 
population genetics-like mathematics to 
cultural inheritance, but the very 
difficulties themselves are likely to be 
illuminating and should not be taken as an 
excuse for funking the attempt. The 
possibility that cultural inheritance might, 
in some sense, be treated as particulate 
rather than blending is one that intrigues 
me. This is my way of wondering if 
‘fcultural logic conforms to genetic logic” 
(Chapter 7). In passing I could not help 





noting that Pulliam and Dunford faithfully 
replicate the notorious cultural mutation in 
the citation of W. D. Hamilton's "The 
Genetical Evolution of Social Behaviour” 
(J. Seger and P. Harvey New Scientist, 87, 
50-51; 1980). This would have been an 
especially illuminating example for — 
Pulliam and Dunford themselves to have. 
used since it seems not to be a pure, 
undirected mutation at all. As Seger and 
Harvey point out, the “mutant” reading, 
‘The Genetical Theory of Social 
Behaviour’’, has arisen three times 
independently, and is almost certainly a 
cultural legacy from that most admired of 
tribal ancestors, R. A. Fisher, and his The 
Genetical Theory of Natural Selection’’. 
The authors may or may not establish 
their anthropological credentials by going 
to town on ‘‘kinship’’. An impressive few 
pages bristle with words such as matrilineal 
and patrilocal. They coin the interesting 
phrase, ‘‘cultural coefficient of 
relationship’’, but actually it turns out to 
be less interesting than I expected it to be. 
Instead of being the cultural equivalent of 
the genetic coefficient of relationship, they _ 
apply the term to an awkward hybrid — 
between cultural and genetic notions. They 
seem unable quite to emancipat 
themselves from the assumption that 
genetic “‘fitness’’ (capacity to propagate — 
copies of one’s genes) has some kind of 
privileged priority over its cultural 
equivalent (capacity to propagate one’s 
ideas, etc.). Thus, instead of stressing that, 
in the domain of cultural inheritance, 
“brothers” may be defined as those 
(genetically perhaps unrelated) who have 
sat at the feet of the same master, they 
come up with what is really only a kind of 
culturally weighted version of the genetic 
coefficient. | | 
If a child’s parents have different ideas on 
a particular issue, let us say that a child 
learns the father’s idea with probability P 
and learns the mother’s idea with 
probability M. Then, the probability that. 
two siblings learn the same idea from the 
same parent is P+ MŽ... This is the 
probability of cultural identity by descent 
and can be called the cultural coefficient of 
relationship. Like the genetic coefficient of 
relationship, the cultural coefficient can be 
calculated for any pair of relatives. 
But if such a cultural coefficient can be 
calculated for any pair of genetic relatives, 
can’t it also be calculated for any pair of 
individuals whether genetically related or 
not? , 
The last chapter, “The Legend of 
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Eslok’’, is rather queer. If I understand it 
aright, the intention is sensible enough: to 
use a parable about an imaginary tribe, the 
Koltinnopinnu to make a point about the 
conservative role of traditional ritual in 
preserving ancient wisdom vital for group 
survival. But the imaginary legend is 
dragged out with almost Tolkienian 
attention to gratuitous detail, including 
learned footnotes on fine points of the 
fictitious language of the imaginary 
Koltinnopinnuo (plurals are formed by 


adding ‘‘o”’). I was left with the feeling that 


I must be missing the point of the story, 
since I couldn’t see the symbolic (or 
anagrammatic?) significance of these 
details. Well, if it comes to that, maybe I 
missed the point of the whole book: there 
has to be some explanation for my 
disappointment with it. m 


Richard Dawkins is University Lecturer in 


Animal Behaviour at eT University, and a 
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Surprising structures of nucleic a 
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Nucleic Acid Geometry and Dynamics. 
Edited by R.H. Sarma. Pp.424.(Pergamon: 
1980.) Hbk £25, $55; pbk £11, $24.50. 








IN molecular biology nucleic acids are 
probably the most discussed of all 
biological macromolecules. Yet, until the 
early 1970s, information about the 
structure these molecules can adopt was 
mainly based upon results from X-ray diff- 
raction experiments on DNA or RNA 
fibres. During the past decade the situation 
has rapidly changed. Several events have 
contributed to this development. Investi- 
gators have been able to crystallize the 
relatively short transfer RNA and 
determine its structure to atomic 
resolution. In addition, newly developed 
organic synthetic methods have permitted 
the preparation of well-defined fragments 
of RNA and DNA, so that single-crystal 
analysis of these oligonucleotides can be 
performed, and techniques (NMR, 
T-jump) for the high-resolution study of 
the structure and dynamics of nucleic acids 
in solution have become available. 

All of these developments have led to 
surprising results, outstanding among 
which is the finding that nucleic acids 
possess a conformational flexibility that 
can give rise to structures far more complex 
than the simple double helix. 

Some of the excitement pervading the 
field is reflected in this book. It is a 
collection of 16 review chapters by differ- 
ent authors in which the structure and 
dynamics of nucleic acids are discussed in 
great detail. The first chapter introduces 
the nomenclature of nucleic acids, and is 
followed by a discussion of the way in 
which structural information can be 
deduced from NMR measurements and a 
description of the basics of single-crystal 
X-ray diffraction techniques as applied to 
nucleic acids. It is somewhat confusing that 
although different systems of 
nomenclature are in current use for nucleic 
acids and are employed throughout the 
book, only one is presented in the first 
chapter. Also, one would have preferred 
the scaling of the NMR spectra to be given 
in ppm instead of in Hz. 


In the following chapters the basic theme 
of the book unfolds. Sarma describes the 
spatial configurations of different forms of 
DNA, and Seeman gives an account of the 
crystal structures obtained for oligonucleo- 
tides. Lerman’s proposal in 1961 that 
aminoacridine dyes bind to DNA by inter- 
calation between stacked bases has now 
been verified at atomic resolution for a 
number of planar dyes intercalated in dinu- 
cleotides. Accounts of progress in this area 
are presented by Sobell and by Berman and 
Neidle. Rich and his co-workers relate the 
conformational changes in the sugar 
phosphate backbone of RNA and DNA 
fragments, introduced by the intercalation 
of planar dyes, to the changes occurring in 
the backbone of tRNA resulting from the 
intercalation of a base between two 
consecutive bases. 

The intercalation of dyes is taken further 
by Patel, by Krugh et al. and by Crothers et 
al. who discuss the information obtained 
on this subject from solution studies. 
Fluctuations in nucleic acid structure as 
monitored by NMR, ESR and tritium and 
deuterium exchange techniques are 
covered by Kallenbach and co-workers and 
by Lerman and co-workers. Finally, 
theoretical aspects of the structure, 
flexibility and accessible surface areas are 
dealt with in the three chapters by 
Broyde and Hingerty, Olson, and Alden 
and Kim. | 

The book is recommended to anyone 
involved in structural studies of nucleic 
acids. It contains a wealth of information, 
written by experts and illustrated with 
beautifully coloured molecular models 
many of which were drawn by Irving Geiss. 
It is not complete, however, in that it does 
not contain a chapter devoted to the 
structure and dynamics of tRNA. A 
potential buyer should also be aware that a 
large part of the material has already 
appeared in Stereodynamics of Molecular 
Systems, edited by R.H. Sarma and 
published by Pergamon. = 


C.W. Hilbers is Professor of Physical 
Chemistry at the University of Nijmegen, The 
Netherlands. 


Stuck on bacteria 
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Bacterial Adherence. Receptors and 
Recognition, Series B, Vol.6. Edited by 
E.H. Beachey. Pp.466. (Chapman and 
Hall/Methuen Inc.: 1980.) £27.50, $69.95. 


IT is a truism that in order to inhabit or 
infect a susceptible host, bacteria must be 
able to ‘‘stick’’ to the tissue surfaces of the 
host. Surprisingly enough, until the early 
1970s little attention was paid to the 
problem of bacterial adherence to cell 
surfaces, its molecular mechanism and 
possible role in host-parasite interactions. 
The recent explosion of activity in this area 
may be ascribed, at least in part, to the 
current intense interest in receptors on cell 
surfaces, and in their role in intercellular 
recognition. No wonder that the first 
treatise on bacterial adherence appears as 
part of the series on ‘‘Receptors and 
Recognition”. 

The 14 chapters in the book are all 
written by experts active in the field, 
including several of the pioneers who for 
some years worked almost alone on 
bacterial adherence. Notable among them 
are J.P. Duguid from the University of 
Dundee and R.J. Gibbons from Boston. 
The first contribution, by 1. Ofek and E.H. 
Beachey, is an excellent overview of the 
field. In the subsequent 11 chapters, 
emphasis is either on adhesion to different 
surfaces (mucosal, dental or of plants, for 
example), on the adhesive properties of 
specific organisms (Enterobacteriaceae, 
Vibrio, Neisseria, for example), or the 
binding properties of bacterial appendages 
(fimbriae or pili) and surface polymers 
(lipoteichoic acid). This loose organization 
is probably a reflection of the dearth of 
knowledge of the basic mechanisms 
involved in adherence. One of the two 
concluding chapters deals with recognition 
systems between eukaryotic cells, a topic of 
relevance to the prokaryote-eukaryote 
system of bacterial adherence, and the 
other with prospects for prevention of the 
association of harmful bacteria with most 
mucosal surfaces. 

From reading the book it is evident that 
the adherence of many bacteria, to 
epithelial cells is mediated by comple- 
mentary molecules — adhesins on the 
bacteria which react with receptors on the 
cells in a lock and key manner. In the case 
of Escherichia coli and other Entero- 
bacteriaceae, the adhesins are lectin-like 
molecules in the form of fimbriae that can | 
bind reversibly to sugar residues (pre- 
dominantly D-mannose) on the surface of 
the epithelial cells, whereas certain myco- 
plasmas appear to bind in a similar manner 
to sialic acid residues. Streptococci, on the 
other hand, appear to bind to cells via their 
surface lipoteichoic acid. Much remains, 
however, to be learned about the nature of 
the adhesins on other bacteria and about 


the receptors on the tissues, none of which 
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has been characterized and about which 
little is known. More importantly, there isa 
need for conclusive evidence on the role of 
adherence in natural infection; if the 
adhesins play a central role in the ability of 
pathogenic bacteria to launch infection, 
then the prevention of adhesion should be 
an effective way to protect against bacterial 
infections. This could hopefully be 
achieved by the application of specific 
receptor analogues or antibodies to the 
adhesins. 

On the whole, the various chapters are 
well written with not too much overlap. 
The references are up to date and the tables 
abundant and clear. There are many 
illustrations and, with a few exceptions, 
they are of high quality, including several 
artistic scanning electron micrographs 


which are most impressive. However, the 
book suffers from the modern malaise of 
poor indexing — the number of entries is 
insufficient and even major items such as 
adhesins, agglutination, mannose, mucus, 
virulence and yeast cells have not been 
included. 

This is a valuable book, which should be 
read not only by researchers in the growing 
field of bacterial adherence, but also by all 
those interested in infectious diseases and 
microbial ecology in general, and all 
students of cell surface receptors and 
recognition. a 





N. Sharon is the Sadie and Joseph Danciger 
Professor of Molecular Biology and Head of the 
Department of Biophysics at The Weizmann 
Institute of Science, Rehovoth, Israel. 


Perspective on the flowering of Fermiology 
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Electrons at the Fermi Surface. Edited by 
M. Springford. Pp.541. (Cambridge 
University Press: 1980.) £35, $85. 


THis Festschrift is a fitting tribute to 
Professor David Shoenberg, whose 
experimental studies of electrons at the 
Fermi surface span nearly a half century. In 
1937, he pioneered the use of the de Haas- 
van Alphen effect, which arises from the 
quantized orbits of electrons moving in a 
magnetic field, to determine the electronic 
structure of the semimetal bismuth. When 
such studies were extended to metals, 
however, they correlated only poorly with 
knowledge of other properties of the metal 
and the contemporary theory of electronic 
structure. The experimental effect tended 
to ‘‘see’’ the tiniest pieces of Fermi surface, 
the abstract surface in momentum space 
(or wavenumber space) which is the 
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boundary separating electronic states 
which are occupied in a solid from those 
which are empty. Most properties, and 
available theory, focused upon grosser 
features, so there was little confrontation 
of theory and experiment. In the early 
1950s it was gradually recognized that the 
de Haas—van Alphen effect was giving un- 
ambiguous geometrical information about 
the Fermi surface, in contrast to properties 
such as conductivity which depend upon a 
muddle of geometry, dynamical properties 
and scattering. The relevant question 
became clear: what is the true Fermi 
surface? This, rather than: which model of, 


‘the electronic structure gives the best fit to 


experiment? 
Lifshitz and Kaganov give historical per- 
spective to this period in the first con- 


tribution to the Festschrift. Their view was: 


of an arbitrary dispersion law for electrons 
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David Shoenberg (left) and Brian Pippard discuss a model of the aluminium Fermi surface at 
the Cooperstown conference, August 1960. 


which was to be deduced from experiment. 
Indeed, in 1954 Lifshitz and Pogorelov set 
up a mathematical scheme to deduce the 
Fermi surface unambiguously from de 
Haas-van Alphen data, assuming only that 
the surface was convex and had a centre of 
symmetry. In 1956, Gunnersen, a student 
of Shoenberg, carried this out in detail for 
aluminium. He needed to sketch in data for 
directions of field where the effect 
disappeared but he could then deduce the 
presence of cushion-shaped segments of 
Fermi surface. In hindsight this was 
misleading, since the real Fermi surface 
consisted of a set of cylindrical tubes; the 
missing data were different from what he 
assumed. A study of lead by Gold, another 
student of Shoenberg, quickly followed 
and appeared in 1958. Gold came up with 
similar data, which he interpreted as some- 
what larger cushion-shaped segments — 
these also turned out ultimately to be a set 
of tubes. However, Gold had other data 
and he made a nearly-free-electron con- 
struction which led to a very intricate, but 
qualitatively correct Fermi surface. 
Though he did not have all of the surfaces 
matched to the correct data, his study 
pointed the way to the future: predict a 


' Fermi surface from approximate theory 


Courtesy of B.W. Roberts, General Electric Research and Development Center 


and tune the result by experiment. Lifshitz 
and Kaganov indicate how difficult it was 
to accept the nearly-free-electron theory 
until forced to by its many quantitative 
successes. One can understand why they 
were not persuaded by the theoretical 
arguments in its favour by reading the 
following contribution on many-body 
effects by Wilkins; a series of customary 
assumptions can be stated, but success is 
their principal justification. 

The nature of the study of electrons in 
metals changed at just the time of Gold’s 
work. Pippard had deduced a Fermi 
surface for copper, published in 1957, 
using the anomalous skin effect. He also 
needed a starting picture, which in his case 
was the volume of intersection of three 
mutually perpendicular cylinders. In 1958, 
Shoenberg succeeded in observing de 
Haas—van Alphen oscillations in a whisker 
of copper. By 1960, at the famous Fermi 
Surface Conference in Cooperstown, New 
York, the multiply connected Fermi 
surface of copper had been confirmed and 
the essential correctness of the nearly-free- 
electron nature of simple metals estab- 
lished. In addition, other techniques, such 
as the magneto-acoustic effect, had been 
developed and applied to Fermiology, 
though the de Haas—van Alphen effect, 
because of the high order of the oscil- 
lations, remained the champion for 
precision. This flowering of techniques is 
reflected in the Lifshitz—Kaganov chapter 
and, most appropriately, in the simple but 
complete description of the Shoenberg 
effect in Pippard’s contribution. 

The subsequent history of the field is also 
well documented in this book. Once 
experiment had confirmed and refined the 
approximations used in band theory, and 








corp cando advanced. suffi- 


ciently, theory could reliably predict the 
Fermi surfaces even of transition metals, 
and ultimately most other properties of 
these complex sytems. The status of this 
theory is clearly described by Mackintosh 
and Andersen; indeed, we have the “‘great 
calculating machine’’ postulated by 
Wigner and Seitz in 1955 which has turned 
out to be much more interesting than they 
anticipated. Theory and experiment have 
moved on to ferromagnetic materials 
(described in the contribution from 
Lonzarich), to strained materials (Fawcett, 
Griessen, Joss, Lee and Perz) and dilute 
alloys (Coleridge). The de Haas-van 
Alphen effect has been pushed to extra- 
ordinary precision (Coleridge and 
Templeton) and the waveshapes, as well as 
the periods, exploited (Higgins and 
Lowndes). Information about electron 
scattering times has been extracted 
(Springford) and can be utilized in 
transport properties (Chambers). 

These are authoritative and well-written 
articles, with a cohesion arising from the 
focus on Shoenberg’s interests. There is, 
inevitably, some inconsistency of level and 
emphasis in such a combined effort and, in 
this case, an interesting set of repetitions: 
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THE second volume in this series will be 
welcomed by botanists working in such 
“areas as taxonomy, Quaternary palaco- 


ecology, and aerobiology. It follows the: 


first volume in the series in that it consists 
of acollection of palynological accounts of 
families which have previously been 
published in the journal Reviews of 
Palaeobotany and Palynology (Vols 
23-28). This practice of reprinting the 
papers is somewhat inefficient and in 
future the series will be continued in the 
form of special issues of the journal dealing 
specifically with the pollen flora. It is to be 
hoped that these future volumes will be 
widely publicized for the sake of those who 
do not subscribe to the journal and that the 
special issues will be available separately. 
The papers in this volume maintain the 
high standards set in the first, both in terms 
of the critical and helpful keys and 
_ descriptions, and also the excellent 
photographs (light and scanning EM). 
From the palaeoecologist’s point of view, 
particular welcome will be given to the 
accounts of the Saxifragaceae and 
Plantaginaceae. In the former, Verbeek- 
Reuvers takes fairly conservative position 
when compared with that of Ferguson and 


the multiple presentations of Fermi liquid 
theory and of the density functional 
method reflect the central position which 
these concepts play in our understanding of 
metals. 

Where will this field go from here? One 
might have thought that the simple-metal 
studies had served their purpose by 1960 in 
leading te pseudopotential perturbation 
theory which enabled the development of 
elementary theory of virtually the entire 
range of metallic properties, and yet that 
was only the beginning of what Higgins and 
Lowndes call the ‘‘decade of Fermiology’’. 
Fermi-surface parameters have now found 
their way into some physics handbooks so 
that they become an end in themselves. One 
could argue that transition metals have 
been brought into the state of grace of the 
simple metals and that Fermiology has 
again served its purpose. However, this 
field, which is so closely identified with 
David Shoenberg, seems to carry enough 


‘momentum to continue on with no sign of 


flagging. = 





Walter Harrison is Professor of Applied Physics 

at Stanford University and was involved in the 
development of the theory of metallic Fermi 
surfaces. 
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Webb (Bot. J. Linn. Soc., Lond. 63 295; 
1970). He emphasizes the problems in dis- 
tinguishing certain species on the basis of 
pollen, Saxifraga aizoides and S. 
oppositifolia for example. His caution 
should encourage many palaeopaly- 
nologists to go back to the type material 
and, where necessary, to increase the 
number of collections of each type to assess 
the range of variation here described. 

In the Plantaginaceae, the differen- 
tiation of Plantago major and P. media is 
maintained, but the scanning electron 
micrographs serve only to make one 
wonder about the criteria upon which it is 
based. In P. media, microechinae (or 
scabrae) are visible under phase contrast 
light microscopy, covering the entire exine 
surface, whereas in P. major these are 
unclear and often totally invisible on the 
surfaces of verrucae. The SEM pictures of 
Clarke show that both pollen types possess 
these scabrae, so it is difficult to 
understand why they are so obscure on P. 
major under the light microscope. 

Other families described in the volume 
include Solanaceae, Boraginaceae, 
Valerianaceae, Aceraceae, Haloragaceae 
and Papaveraceae. It is a book to which all 
serious palynologists should have ready 


“access. = 
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Confusing collisions 
I. S. Grant 


Deep-Inelastic and Fusion Reactions with 
Heavy Ions. Lecture Notes in Physics, 117. 
Edited by W. von Oertzen. Pp.394. 
(Springer-Verlag: 1980.) DM49, $29. 








THIS volume contains the proceedings of a 
symposium held in October 1979 at the 
Hahn-Meitner-Institut in Berlin. The 
symposium was chosen as the occasion to 
dedicate the heavy-ion accelerator 
VICKSI, which had then been running for 
almost a year, and to celebrate the 
centenary of the births of Otto Hahn and 
Lise Meitner. Hahn and Meitner were 
associated with the discovery of fission, 
and it was fitting to devote the symposium 
to recent studies of the macroscopic 
behaviour of nuclear matter using heavy 
ion fusion and deep inelastic reactions. 

The experimental papers present 
evidence for a bewildering variety of 
different processes which may occur in the 
collision of two heavy ions. The binary 
reactions described as fusion fission, fast 
fission, deep inelastic and quasi-elastic 
scattering are not clear-cut, but merge into 
one another in different regions in the 
space of mass and energy transfer. 
Nevertheless, it is clear that different 
phenomena are involved which potentially 
contain a great deal of information about 
the dynamical behaviour of nuclear 
matter. This potential is not easily realized, 
partly because of the experimental 
difficulty in recording all the information 
which may be relevant in each collision, : 
and also because of the obscuring effect of 
various mechanisms which may contribute 
to the de-excitation of the composite 
system or the primary products of the 
binary reaction. As well as evaporation and 
fission, there are pre-equilibrium processes 
which lead to the emission of light particles ` 
and which are described in terms (hot 
spots, jets) which are notions rather than 
observed entities. 

Naturally, the theoretical picture is also 
confused. One section of the proceedings 
consists of four theoretical papers all 
taking a different view of heavy ion 
collisions. The topic is at the interesting 
stage when the relationships between its 
different aspects are not well understood. 
Ina fast-growing field, the proceedings ofa 
symposium held at the end of 1979 are 
bound to seem a bit dated, but this volume 
is still a useful survey. g 





I. S. Grant is a Senior Lecturer in the Nuclear 
Structure Group at Manchester University. 


Corrigendum 


ein the 1 review of The Principles of 
Human Biochemical Genetics, 3rd Edn, by 


Harry Harris (Nature 290, 72) the prices 
should read: hardback $65.75, Dfl.135; 
paperback $26.75, Dfl.S5. 
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How strictly should the rules of privacy apply to the huge banks 
of personal data now accumulating in the computers of public 
and private organizations? The European Science Foundation 
has raised in the past few weeks an intriguing twist on the 
conventional view that privacy means nothing unless it is 
absolute. While acknowledging that private persons are entitled 
to protection, the foundation says that researchers should have 
access to banks of otherwise confidential data in the interests of 
“freedom of research”. Thus, in its ‘statement concerning the 
< protection of privacy and the use of personal data for research’’, 
the foundation says that governments planning to model 
legislation along the lines suggested by the Council of Europe’s 
convention on the protection of privacy should be sure to permit 
access by researchers to otherwise secret data banks. The issue 
thus raised is intricate, and potentially explosive. The statement in 
which it is embodied is a much diluted version of an earlier 
proposal which the General Assembly of the foundation in 1979 
would not endorse. Its origins lie in the deep conviction of many 
= social scientists that, as things are, valuable information of 
potentially great value in the understanding of society is denied to 
_ them. But it is unlikely that governments will respond as they 
would wish to the foundation’s proposals. Moreover, there are 
sood reasons why they should not do so. 
oS -the potential benefits of access by researchers to 
i co fidential data, there is very little doubt. In most industrialized 
oeo ntries, publicly compiled data banks would be gold mines for 
-social scientists. Access to computerized health records would 
make possible far more accurate assessments of the pattern of 
disease, morbidity and sheer malingering than are possible at 
present. Access to census data would permit more sensitive 
_ studies of marriage patterns, the incidence of social deprivation 
= and of poverty, than the official census takers usually embark on. 
Access to income tax records would make possible more accurate 
estimates than those now available of the incidence of wealth 
within communities — and perhaps even the incidence of tax 
evasion. In many respects, these data would be of superior quality 
to that which can be gathered by social scientists themselves using 
the more traditional methods of survey research. And there is at 
least some reason to suppose that the benefits would be 
substantial. More would be learned about the behaviour of 
different groups within communities than is possible with existing 

techniques. The frustration of the social scientists that these data 
are not available to them is understandable. But it is a frustration 
with which they will have to live for many years to come. 

In the past several years, governments have only slowly woken 
up tothe need for protecting personal data held in computer files. 
Nobody should underestimate the difficulties, the chief of which 
is the ease with which large quantities of data of a personal 
character can be stored and then made accessible. In the old days, 
ordinary people could rely on the difficulty of extracting 
meaningful data from shelves full of paper files as an assurance of 
confidentiality. But even where governments have recognized 

‘that their citizens are entitled to know that their private affairs will 
“not be broadcast to all who seek to know, problems have arisen in 
deciding what limits should be placed on the transfer of 
information from one public authority (say the income tax 
departms nt) to another (say the police). In equity, there are the 
strongest reasons why even government departments should be 
constrained. within more or less watertight compartments. It will 
be a long time before most citizens in advanced societies can be 
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assurances to this effect will be unpersuasive and legally = 


Personal privacy is absolute privacy 


assured of that. Indeed, outside the United States, enlightenedby = © 
the Freedom of Information Act, few governments admit the 
principle that citizens have a right to check data about themselves 
that may be recorded in the public files. The Council of Europe's 
convention on privacy is still very much an ideal. It will bean = 
uphill struggle to ensure that it is widely adopted. x 
This is only one of the reasons why the European Science 
Foundation’s proposal is, at this stage, unhelpful. Rightly or 
wrongly, it can only raise in ordinary people’s minds the fear that 
supposed guarantees of privacy are not to be taken seriously. And 
although the foundation’s statement suggests that scientists given 
access to confidential files should be required to follow rules of. 
good conduct, and that they should not make identifiable = 
personal data public without the consent of all those concerned, = 


unenforceable. For where legislation of privacy is contemplated, 

the onus of responsibility for keeping confidentiality rests with 
identifiable individuals, the custodians of the sensitive data 
banks. It is unthinkable that this responsibility could be — 
effectively derogated to whichever academic researchers chose to 
interest themselves in particular data banks — and unlikely that ` 
the researchers would be willing to accept it. The European — 
Science Foundation’s proposal is therefore ill-timed. 










Last week was a milestone in the short history of the 
International Institute for Applied Systems Analysis in Vienna, — 
the research institute to which seventeen national academies now 
provide financial support. For the institute at last published a= 
summary report of its gigantic energy study, on which more than. a 
140 people have been engaged, off and on, since 1973. Readersof = 
the document, Energy in a Finite World (Ballinger Publishing 
Company, $16.50; Harper and Row Ltd, £12.50) will be of two ~ 
kinds — those who want to know whether they (or their. 
grandchildren) will be shivering from cold in the year 2030 (when 
the period covered by the bulk of this study ends) and those who 
wish to know —- perhaps because they have to help find the funds 
to keep it going — whether the institute’s reputation will be 
enhanced by the appearance of its first important document. On 
both counts, perhaps in the nature of the questions, the answers 
are disappointing, even frustrating. As energy scenarios go, the 
institute’s study is more cheerful than most others, but its 
optimism is so hedged about with qualifications that many fond 
grandparents will nevertheless think of converting their legacies 
into string vests and other ways of keeping warm. And the study 
itself, however impressive its credentials — the leader of the team 
was Professor Wolf Hafele, a heavyweight in all senses of the 
word — is deficient in that it fails to acknowledge that the 
problem of energy is no longer technical but political. 

It is now conventional to say that there has been an energy |” 
problem since the second half of 1973, when the members ofthe 
Organization of Petroleum Exporting Countries (OPEC). 
abolished by the stroke of a pen what had been until then the most. 
valuable of the developed world’s energy resources — crude oil at. 
a price of $1.50 a barrel. (The same oil costing $32.50 a barrel 
seems a very different commodity to those who use it.) The 
institute’s study, urging that those preoccupied with the energy 








<-198) Macmillan Journals Lid | 


















that it has been with us always. Was not the case for nuclear power 
jn the 1950s based on the assumption that oil reserves would be 
exhausted in a couple of decades or so? Did not the great W.S. 
Jevons, leader of the Manchester Liberal School in the 1860s, 
temoan the condition of Britain when the coal ran out? For the 
past 4,000 years, since the first machines were invented,, 
communities of different kinds have found themselves in 
difficulties for lack of the means for driving their machines. If 
there is anything special about 1973, it is that so many complacent 
governments of oil-importing states were prepared to believe that 
oil-producing states would go on indefinitely selling their oil in 
whatever quantities were demanded and at a knockdown price. 
This perspective is a plus for the institute. 

So what is special about the present period? The institute’s 
report deals with the period 1975-2030 and starts with a daring 
but realistic assumption — population growth in the world as a 
whole during that period will be faster than in any previous time, 
but will afterwards begin to level off. The assumption is daring 
because most comparable studies have assumed that population 
growth will continue and be what is loosely (and falsely) called 
“exponential”. Many doomsayers will complain that the institute 
is hopelessly optimistic. But the assumption is realistic for at least 
two reasons. Demographic history shows that sooner or later all 
communities learn how to balance births against deaths (and the 


ae 2 doubling of worid population in the next 50 years is less than the 
~~. threefold increase in Britain between 1815 and 1865, when that 
_. demographic transition was more or less accomplished). The 


second reason is that those states that fail to keep their 
populations within bounds will end up in catastrophe. This is 
another plus for the institute. 

So too is what the institute has to say about a number of other 


features of the business of energy forecasting. Technology will 


indeed make economic activity less energy-intensive than at 
present, Energy consumption per unit of Gross Domestic Product 
will continue to fall in developed countries as prosperity (Gross 
Domestic Product per head of population) continues to increase. 
.. And developing countries will not repeat the excesses of the states 
<= pow industrialized, with the result that they will be able to attain 
(in half a century) prosperity not very different (outside Africa 
and South-East Asia) from that now taken for granted in Western 
Europe without ever having to consume more than 1 watt of 
energy for each annual dollar’s worth of product. These 
assumptions obviously take the edge off the calculation of how 


: ~ supply and demand for energy can ever be matched. Once the 
— need to. worry about what will happen when developing countries 


consume energy as intensively as developed countries do now is 
done away with, the collective pressure on resources is diminished 
and the problem of supply and demand becomes manageable. 
This part of the institute’s argument is well documented and well 
- argued. Only those with a vested interest in believing that the 
worst will always happen will protest. So this is very much a plus 
for the institute. 

How then does the future look? That is the question 
futurologists inevitably ask. Mercifully, the institute answers the 
question in the right spirit, thereby avoiding the snares which have 
trapped its predecessors. The flaw in most studies of this kind is 
that a scenario, while not a prophecy, is a hint of what may 
happen ‘‘other things being equal’’. The institute’s study is more 
imaginative. The objective of a scenario, its study might have said 
explicitly, isnot to show what the future will be like — for none of 
us can know —— but to show that, on plausible and realistic 
assumptions, the future is possible. The problem, in other words, 
is to prove what the mathematicians would call an existence 
theorem. When that is done, extraneous influences — market 
forces for one, ingenuity for another — will do their work. And 
once, it has been demonstrated that getting from A (here) to B 
(there) is possible, it is best not to try to predict how it will be done. 
Apart from the safe prediction that for most of the next half- 
century fossil fuels (oil included) will continue to predominate, 
and from the guesses that global energy production will increase 






z cisi should take a long view, ‘neds the trap of suggesting that © drami «alle in 
the energy problem came of age in 1973. The truth is, of course, ` 


the institute gives few hostages to fortune. This i is the eyed sense A 
to be expected of a bunch of self-confessed natural scientists. Yet 
another plus for the institute, it will be concluded. 

But how do we get from A to B? That is not a question in 
futurology, but a question for the present. What do we do now to 
make the possible future happen? The institute’s report takes 
several novel and stimulating tacks. It has a cheerful account of 
the virtues of hydrogen as a convenient alternative to electricity as 
a secondary fuel (and urges that there should be more deliberate 
attempts to trap the hydrogen released from the deformation 
produced in the roots of plants in associations with nitrogen- 
fixing bacteria). The report is lukewarm but not frigid on 
biomass, futuristically open-minded about energy-collecting 
satellites in synchronous orbits and philosophical about nuclear 
power in both its forms — fission and fusion; it’s a matter of time, 
and of giving people a chance to believe that those technologies 
can be made safely to work. Hurrah, it will be said; maybe there 
are several routes from A to B. That, for the institute, isa plus of a 
kind — perhaps half a plus. For these imaginative (but well 
written) parts of the summary report do not tell us what to do to 
get from A to B. Putting money into biomass (another name for 
wasteful forestry) or hydrogen research is only half an answer. 
For the truth about energy has become political, and will remain 
so at least until 2030. 

Internationally, the proof that energy is a political matter came 
in 1969, with the de facto revocation by Libya of the licences it had 
earlier given to the multinational oil companies operating there; 
OPEC’s resolve (in 1973) to put flesh on the bare bones of its long- 
declared intention to secure a fair share of the rent (in Adam 
Smith’s sense) for its oil followed not long after. Domestically, 
until this year, the United States has been the worst offender, for 
political reasons charging too littl for gasoline and other 
petroleum products, in the process giving its citizens the illusion 
that oil is rather like atmospheric oxygen — breathe in (exert 
demand) and the vacuum will be filled. President Reagan in the 
past two months has succeeded where his three immediate 
predecessors (Carter, Ford and Nixon) failed in deregulating the 
price of natural gas and crude oil in the United States. The short- 
term consequences have been dramatic — United States imports 
of petroleum have fallen to just over 3 million barrels of oil a day 
~~ 60 per cent of what they were two years ago. Even so, the prices 
of oil products in the United States are still less than elsewhere — 
no American administration, not even Reagan’s, would risk a 
thoroughly free market (freedom for exporters and what that 
entails). The Americans, however, are only the worst and not the 
only offenders. The British, having found oil in the North Sea, are 
busily using the tax revenues arising as a poultice for persistent 
economic ills. Meanwhile, the moderation of OPEC in the past 
few months owes as much to the continuing war between Iran and 
Iraq, and the strengthening military relationship between Saudi 
Arabia and the United States, as to an explicit decision about the 
price oil can now command, Nobody is much concerned about Mr 
Willy Brandt’s new-found constituency, the developing countries 
that happen to have no oil. 

The institute’s report acknowledges that such extraneous 
factors must influence the pattern of energy consumption in the 
decades ahead. Its good cheer is based on the assumption that 
people will behave rationally, on energy pricing, on the 
development of nuclear power, on a flexible strategy for research 
on alternative sources of energy, and in the avoidance of war. The 
caveats are sensible. It follows, however, that what the world now 
needs is not an existence theorem but a prescription for the 
avoidance of irrationality. By its nature, the Vienna institute is ill- 
equipped to help. Its members are, after all, predominantly 
natural scientists. Energy in a Finite Worid will bring credit to the 
institute — and would have brought more if it had seen the light of 
day some years ago. With the passage of the past eight years, 
however, the problem of energy has been transformed from one 
of technical analysis to a set of problems in politics, international 
and domestic. Who will provide the handbook for their solution? 
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ve battle 
Washington 

Members of the US Congress are digging 
in for a period of extended skirmishing 
over Mr Reagan’s proposed cuts in federal 
support for research. Democrats are 
already fighting to restore many of the 
cuts, and in the House of Representatives 
-At least — where they still have a majority 
=: have already had some success. In 
contrast, Republicans are sticking as 
tightly as they can to the fiscal surgery 
recommended by the Office of 
Management and Budget (OMB). 

Last week, the science and research 
subcommittee of the House Committee on 
Science and Technology voted to authorize 
a budget of $1,161 million for the National 
Science Foundation (NSF) in the fiscal year 
1982, 12 per cent more than Mr Reagan’s 
proposed budget of $1,033 million. As 
expected the committee voted to restore 

_funding for science and engineering 
‘education. Mr Reagan’s budget proposed 
‘NSF involvement in these activities be 
re inated; but the subcommittee has 
-restored $75 million, close to the figure 
-© proposed by Mr Carter. It also agreed to 


“restore $26.1 million for research in the 


_ biological, behavioural and social sciences, 
another target of Mr Reagan’s pruning. 
Not all the subcommittee decisions went 
in the same direction. The members also 
approved a recommendation from Mr 
Allen Ertel (Democrat) to eliminate $12 
million which had been allocated for NSF’s 
new Ocean Margin Drilling Program, 
initiated last year as a joint venture with the 
oil industry. A similar proposal to 
eliminate ocean margin drilling activities 
made by the House last year was overruled 
- later by the Senate. 
The subcommittee’s recommendations 
on the NSF budget now go to the full 
science and technology committee, which 
will decide whether or not they should be 
passed intact to the floor of the House and 
where further opposition from Republican 
committee members is. expected. The 
previous enthusiastic support for NSF by 
the full committee is now less certain — 
some Democrats may vote with the 
- Republicans (as they have already done to 
- push through proposed reductions in 
earthquake research and other projects 
sponsored by the Federal Emergency 
M í er Ag). 





“when the House and the Senie a meet to 
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reconcile their approaches. These 
proceedings could be repeated when 
Congress decides how much money it 
wants to hand over to NSF rather than just 
to authorize. 

A similar confrontation is brewing over 
the budget for energy research. President 
Reagan proposes major cuts in support for 
research into alternatives to oil and fossil 
fuels, such as solar and geothermal energy 
and alcohol fuels, arguing that these will be 
encouraged by proposed tax credits and 
that demonstration projects represent a 
hand-out to the private sector; in contrast 
he has recommended a substantial increase 
in funding for nuclear energy. 

House Democrats are trying hard to 
reverse these proposals, sometimes with 
the assistance of Republicans who accept 
the economic rationality of federal 
investment in energy-saving technologies, 
The energy development subcommittee of 
the House Science and Technology 
Committee has already voted to increase 
the solar research budget from the $193 
million proposed by Mr Reagan to more 
than $500 million, closer to Mr Carter’s 
figures. 

This proposal, if sustained by the full 
House of Representatives and if the Senate 
sticks with Mr Reagan’s policy, is again 
likely to create substantial conflict. Aware 
of this possibility, the Department of 
Energy is said to be drawing up new 
legislation which would dramatically 
reduce its responsibility for developing new 
and renewable energy sources. 

Despite Republican predictions of 
economic doom should the budget cuts not 
be approved by Congress — and threats of 
a presidential veto in this eventuality — 
many individual researchers remain 
confident that congressional allies will help 
save their projects. One example is research 





Washington 
In a neat display of the power of 
statistics, Reagan Administration 
officials have estimated that, even with 
the proposed cutbacks, spending on basic 
research will increase in real terms in the 
fiscal year 1982. Figures prepared by the 
Office of Management and Budget, 
assisted by staff from the Office of 
Science and Technology Policy, predict 
that funds for basic research will grow by 
1.5 per cent from the 1981 level. At the 
National Science Foundation, where the 
cuts have focused on science and educa- 
tion and social and economic research, 
basic research in the natural sciences 
would show 3 per cent real growth. 

The catch to these otherwise hearten- 
ing figures is that they are based on an 
officially-predicted inflation rate of 7.5 
per cent — an optimistic forecast that 





Hidden cheer culled from statistics 














in magnetohydrodynamies (MHD), aimed 
at improving the efficiency of coal-fired 
power stations, on which more than $400 
million of government funds has already 
been spent. 

In its budget proposals the Reagan 
Administration suggests that research and 
development on MHD, previously 
scheduled to receive $60 million in 1982, be 
terminated, arguing that the 
demonstration of engineering feasibility 
should become the responsibility of the — 
private sector. A senior OMB official = = 
explained that the agency had ‘‘agonized 
greatly” over whether to make the cut; but 
that although MHD research met two of = 
the government’s present criteria for 
support — high-risk research with along | 
lead-time — it did not meet the third —a 
high probability that any successes would 
be taken up by private utilities. wee 

MHD engineers, however, claim that = 
many utilities remain committed to MHD, 
which is predicted to increase the efficiency 
of electricity production from coal by 50- =- 
per cent. They point out that cuts at this. < 
stage would not make sense, as most of the = 
money is required to cover the operationof = 
two plants whose construction is nearing — 
completion, at the University of 
Tennessee’s MHD Coal-Fired Flow 
Facility in Tullahoma, and the Component 
Development and Integration Facility for 
which superconducting magnets are being = 
provided through the BE RSSESE SENS ee 
Institute of Technology. ca 

Officials in Tennessee said last week that d 
they expected local congressmen. such as. 
Representative Albert Gore or Senator Jim = 
Sasser to argue successfully that the funds 
should be restored. In other years, their 
confidence might have been justified. This 
year, with OMB defining demonstration 
projects in energy research as ‘‘the new 











assumes almost instantaneous success for 
Mr Reagan’s economic policy. 

Overall, the Office of Management 
and Budget expects the research and 
development budget for 1981 to be ‘‘a 
few hundred million dollars” higher than 
the previously expected figure of £35,600 
million, largely because cancellations in 
civilian research will be more than offset | 
by a $500 million increase in military 
research. The net result of Mr Reagan’s 
proposals would be to increase research 
spending by about 13 per cent between 
1981 and 1982, to a total of $40,600 
million. Compared with Mr Carter’s 
proposals, the research budget for the 
Department of Defense would be in- | 
creased by an extra $1,500 million, while | =o 
the non-defence budget would be $2,200 
million less than first proposed. 

David Dickson 
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pork barrel’’, there is more doubt. 

Last week, for example, even the 
chairman of the House science and 
technology committee, Mr Donal Fuqua 
(Democrat) failed to persuade the members 
of the energy supply subcommittee to 
support his efforts to reinstate funds for a 
synthetic fuels demonstration project 
which faces shutdown without further 
federal support. Other areas in which 
efforts to restore funds are being made are 
for the Ocean Thermal Energy Conversion 
programmes — OTEC — described by 
OMB officials as being of very limited pay- 
off — and the decision to hold back on 
establishing a Center for Fusion Energy 
and its Fusion Energy Device, both 
centrepieces of Mr Carter’s plans for the 
rapid development of magnetic 
confinement fusion. David Dickson 


UK aerospace 


Eager for orders 


British industry is beginning to wake up 
to space communications as a commercial 
proposition. British Aerospace, the largest 
British company with a space interest, is on 
tenterhooks, waiting to hear whether it has 
won two major contracts for communica- 
tions satellites. The orders at stake are fora 
British defence communications satellite 
network and for the Arab regional satellite 
communications system, Arabsat. 

The contracts would be a watershed for 
the company, for it has hitherto had only 
the European Space Agency as a customer 
for satellite systems. If its bids are now 
successful, it hopes to compete for similar 
orders in other parts of the world. 

Arabsat, which is also being contested by 
Ford Aerospace and the Hughes Corpora- 
tion, is the most crucial of the two. British 
Aerospace is cheered that it has appeared 
on the short list of three out of the five 
initial bidders. The Arab countries are to 
make a decision within four or five weeks. 

Competition for the defence satellite 
system is not so fierce. The British 
government, which had been expected to 
award the contract at the end of March, is 
taking its time choosing between British 
Aerospace and Marconi. The plan is to 
order three satellites, worth a total of about 
£100 million, one of which will be 
operational at any time and which will 
replace the seven-year-old Skynet satellite. 
The company that wins will hope to gaina 
foothold in the NATO market. 

British Aerospace’s attempts to become 
a major supplier of telecommunications 
systems have also extended to setting up 
joint ventures with other companies. 
Together with Plessey, which has built 
satellite earth stations, it says it can offera 
team capable of building complete defence 
communications satellite systems. It is also 
planning a joint venture with the US 
Comsat General corporation to lease 
military satellite communications services. 
And its ambition to compete for more 
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contracts like Arabsat led it last month to 
set up a group called Satcom International 
with the French company Matra. Satcom 
plans to put in a bid for a regional satellite 
for Australia in May. 

British Aerospace is selling itself on its 
experience. It has played a leading part in 
the telecommunications activities of the 
European Space Agency, having been the 
prime contractor for the series of Orbital 
Test Satellites and the more sophisticated 
European Communications Satellites. It 
also prides itself on being the only non- 
American company to contribute to Com- 
sat General’s Comstar programme for long 
distance telephony within the United 
States. 

Attempts to exploit the commercial 
potential of space may have come rather 
late in Britain. But the present flurry of 
activity is not confined to aerospace and 
electronics companies. The Department of 
Industry says that an increasing variety of 
organizations, from banks to pension 
funds, now think of telecommunications 
when asking where to put their money. 

How matters will develop depends not 
only on the industry’s ability to compete 
and fulfil its promises but also on what the 
British government decides. The industry is 
now in limbo waiting for a government 
response to a confidential report by the 
Central Policy Review Staff on the 
commercial exploitation of space and for 
the publication of a Home Office report on 
direct broadcast television by satellite. The 
reports, if nothing else, may recommend 
making it easier for venture capital and 
private enterprise to take a share of the 
action. Judy Redfearn 


UK nuclear power 
Battle begun 


The first shots have been fired in the 
impending battle about the building of a 
pressurized water reactor (PWR) in 
Britain, even though the Department of 
Energy has not yet decided when the 
proposed public inquiry will be opened. 
Last week, the Friends of the Earth (UK 
branch) issued a document subtitled ‘‘A 
critique of the government’s nuclear power 
programme’’ (Friends of the Earth, 
London; £1.50) which concludes that its 
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own case against the proposed reactor, to 
be built at Sizewell in Suffolk, on the North 
Sea coast, is so strong that a public inquiry 
is not necessary. 

The argument is straightforward. First, 
forecasts of electricity demand in the 
United Kingdom, revised downwards for 
the past several years, are ‘‘wholly 
unrealistic’ and are likely to be further 
undermined by changing patterns in the 
demand for electricity. Second, the cost of 
building the first British pressurized water 
reactor is likely to be twice the Electricity 
Generating Board’s estimate (of £850 per 
kilowatt) while the cost of generating 
electricity will be magnified by the alleged 
low availability of reactors based on the 
Westinghouse design. 

Third, the report (which includes a 
helpful account of the design changes 
required by the British nuclear inspectors) 
says that ‘“‘the unique hazards of the 
American PWR must not be introduced 
into Britain’’. It is especially critical of a 
study by the nuclear inspectors of the 
generic safety of this type of reactor, which 
has not been published in full. The report 
also argues that ‘‘unresolved’’ problems 
concerning the safety of these reactors have 
not yet been resolved. 

The conclusion is that Britain (and 
British taxpayers) would be better advised 
to put their money into renewable re- 
sources. Insulating lofts to a high standard 
would be six times as productive as building 
a pressurized water reactor at Sizewell, 
according to the Friends of the Earth. 

Earlier this week, the Central Electricity 
Generating Board — the chief but not the 
only target of the Friends of the Earth — 
had not decided whether, and if so how, to 
reply to the criticisms levelled at it. To the 
extent that some of the complaints coincide 
with the criticisms of the House of 
Commons Select Committee on Energy 
some weeks ago (see Nature 19 February 
p.621), the authors of the new report may 
have to wait until the formal response from 
the Department of Energy. 

The intended public inquiry about the 
proposal to build a single pressurized water 
reactor at Sizewell is now a formal commit- 
ment by the British government. Although 
the form of the inquiry has not yet been 
settled it is likely to be generic, dealing not 
with the characteristics of the Sizewell site 
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but with the virtues (or lack thereof) of 
pressurized water reactors in general. Most 
probably, the inquiry will not now begin 
until the second half of 1982, implying that 
construction of the reactor system cannot 
begin until late in 1983. 

For the electricity undertakings, the 
chief objective of the proposal to adapt an 
American design to British circumstances 
is the hope that pressurized water reactors 
could be built more quickly than 
indigenous gas-cooled designs. The 
Friends of the Earth document, however, is 
sceptical of the six-year construction time 
on which the generating board is counting. 

Meanwhile, the Central Electricity 
Generating Board is somewhat encouraged 
that four of its oldest gas-cooled reactors, 
shut down some months ago after the 
discovery of cracks in the expansion joints 
of the gas-cooling circuits, can soon be 
started up again. The first of these reactors, 
at Berkeley on the Severn, is to be restarted 
in a few months following a demonstration 
that the cracks have not grown since the 
reactors were first built. 


Czech nuclear power 
Action on safety 


Czechoslovakia’s nuclear energy 
authorities have recently made overtures to 
their British counterparts, suggesting that 
the agreement on cooperation in nuclear 
safety, signed almost 15 years ago, should 
be revitalized. In particular, the Czechs are 
seeking an exchange of information and 
expertise on the disposal of nuclear waste 
and on the training of power station 
personnel. 

The human factor in nuclear accidents 
has lately become a major concern in 
Czechoslovaka. Last August, after re- 
peated denials, and without any attempts 
to prepare public opinion, the authorities 
suddenly admitted that in the past few 
years there had been two major accidents at 
the Jaslovske Bohunice nuclear power 
station. 

During a recent phone-in programme on 
Prague radio, Dr E. Medke, director of the 
Nuclear Power Station Research Institute 
at Jaslovske Bohunice, described the 
institute’s ‘‘high quality’’ research 
programme, aimed at the ‘“‘long-term, 
safe, reliable and in particular, econo- 
mically effective’’ operation of 
Czechoslovakia’s nuclear power stations. 
This, he said, is to include work on the 
human element in safety. Analysis of 
nuclear accidents throughout the world, he 
said, shows that only 20 per cent were 
caused by equipment failure and the rest by 
operator error. 

A training programme is under way to 
provide the 1,300 graduate engineers 
whom the country’s nuclear programme 
will need by 1990. After taking a first 
degree in engineering, the candidate will go 
on to a two-year theoretical course, and 
then to a power station for practical 
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training. This will include work on a 
simulator, now being built at Trnava. After 
careful screening, the student will then 
become an assistant at a nuclear power 
station, and will finally take examinations 
set by the State Commission to qualify fora 
nuclear engineer’s licence. 

Czechoslavakia, which is more than self- 
sufficient in uranium, has a major 
commitment to nuclear energy, and 
accordingly tried to hush up the accidents 
at Jaslovske Bohunice, one of which 
involved two deaths. But in 1978 the 
Charter-77 movement published a detailed 
report on the incidents — and although 
then still unprepared to acknowledge that 
anything untoward had occurred, the 
authorities immediately inaugurated a 
policy of recruiting nuclear power station 
workers of a better psychological calibre — 
a major recommendation in the Chartists’ 
report. 

In the radio programme, Dr Medke 
made no mention of the accidents, and left 
his deputy, Dr S. Novak, to deal with 
public apprehensions about nuclear 
power. Regarding the station now under 
construction at Mochovce near the 
Hungarian frontier, Dr Novak said that 
there has never been a case in which one 
country has contaminated another’s 
territory by nuclear affluent, and that all 
Czechoslovak power stations have 
adequate safety measures to prevent 
environmental damage in the case of 
breakdown or failure. This statement 
contradicts the Chartists’ report which 
alleges that in one of the incidents at 
Jaslovake Bohunice, effluent reached a 
watercourse. It also contradicts claims 
from Bulgarian environmentalists that 
radioactive contaminants can be found in 
the Danube — although these are con- 
ventionially assumed to be of ‘‘capitalist’’ 
origin. Vera Rich 


Soviet space programme 
Mongolia’s turn 


Last week’s spaceflight of the 
Mongolian cosmonaut, Jugderdemidyn 
Gurragchaa, coincided with the start of the 
diamond jubilee celebrations of the 
Mongolian People’s Republic. A few days 
before the launch, Mongolia’s new Five 
Year Plan was published, extolling the 
value of science and technology to the 
development of the republic. 

Not surprisingly, most of the 
experiments performed by Gurragchaa and 
his Soviet colleagues aboard the Salyut-6 
were aimed at practical applications rather 
than basic research. One of the major tasks 
was the mapping of Mongolian natural 
resources, using conventional cameras and 
a Bulgarian ‘‘Spektr-15’’ multichannel 
spectrophotometer. This survey will 
provide data for existing joint Comecon 
research projects on Mongolian resources 
including the irrigation of the Gobi Desert. 
A programme of simultaneous photo- 
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Gurragchaa — applying science? 


graphy of the Salyut spacecraft from 
Mongolia’s two satellite tracking stations 
(in Ulan Bator and the Gobi) was intended 
to provide data on factors affecting space 
geodesy. 

The biological programme involved the 
monitoring of the cosmonauts’ bio- 
rhythms, work capacity, cardiovascular 
function and psychological response to the 
conditions of space travel. The biorhythm 
observations were started in 1977 during 
the selection of candidates for cosmonaut 
training — apparently the first time that a 
psychological and biochemical study of 
Mongolian citizens had ever been under- 
taken on a daily basis. Technological 
experiments included the study of natural 
quartz and of various alloys of copper 
under zero gravity. 

Fundamental research was not 
completely ignored in Gurragchaa’s 
mission. An experiment codenamed in 
Russian ‘‘Izluchenie’’ (radiation) 
continued the Mongolian work on primary 
cosmic rays with energies in the TeV range 
which was begun in 1972 with an 
experiment designed by S. Sugar and B. 
Chadraa of the Laboratory of High Energy 
Physics of the Academy’s Institute of 
Physics for the joint Comecon 
Interkosmos-6 satellitein 1972. Vera Rich 


UK computer industry 


ICL falters 


International Computers Limited (ICL), 
Britain’s largest computer manufacturer, 
announced last month that it has been 
trading at a substantial loss since the 
middle of 1980. The news of ICL’s 
problems came only a few weeks after 
similar news from Imperial Chemical 
Industries (ICI). Until the beginning of this 
year, both companies had been regarded as 
profitable examples of Britain’s otherwise 
ailing industry. 

Unlike ICI, however, ICL is to be bailed 
out by government money. Sir Keith 
Joseph, Secretary of State for Industry, 
has said that the government will act as 
guarantor for up to £200 million worth of 
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company’s £715 million turnover. 

Sir Keith’s intervention is seen as a major 
blow to the Conservative government’s 
policy of not interfering in private 
industry. But the decision was taken only 
after several months of searching for 
private investors had found no takers. The 
chief justification for supporting ICL 
when other private industries are allowed 
to go to the wall seems to be that the 
smooth operation of many government 
offices depends heavily on its computers. 

ICL. is something of a favourite of 
British governments. When it was created 
in 1968 from the amalgamation of two 
computer companies, the government 
> retained a substantial shareholding and 


< -supported it heavily during its early years 
both with cash and with awards of almost 
all contracts for large computers for 
--. government departments. In the 1970s, the 


‘company became profitable and in late 
1979, Mrs Thatcher’s government sold off 
its shares. But only 18 months later, [ICL’s 


profits took a lurch. 


Precisely why the company’s fortunes 


- _ changed so suddenly seems to be a mystery. 
-The company itself says that the world 


recession combined with the strong value 
of the pound and high interest rates is 
responsible. There were hints of trouble, it 
says, in the first half of 1980 but during the 
second half both home and overseas orders 
fell off markedly. Others have said that 
a concentration on 


owards desk-top machines, spending too 


onnected with manufacturing and even 
underpricing goods, are also responsible. 

Neither the government nor the banks, 
seem to have stipulated 
` conditions for the £200 million loan. The 
-eompany hopes to ride out the recession by 
continuing business much as before and 
-economizing wherever possible. It says, for 
example, that its research and development 
programme will continue at much the same 
level as last year, with the same mix of 
research on large and small machines. One 
of the projects on which it pins hopes for 
the future is the large Distributed Array 
Processor which has so far been sold to the 
< British National Oil Corporation, for sea- 

- bed exploration, and Queen Mary College 
University of London. The Science 
Research Council is considering buying 
one for its Rutherford or Daresbury 
laboratories. 

Sir Keith Joseph hopes that the govern- 
ment will not have to make good its 
‘guarantee, believing that the loan will see 
ICL through the recession until business 
picks up again. Meanwhile, the net is still 
being cast far and wide in the hope of 
finding private investment on suitable 
terms. Judy Redfearn 
0628-0836/81 /140354-02801 .00 
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The University of London has made a 
modest beginning on the reorganization of 
its twelve medical schools. Last week, the 
senate of the university approved a plan to 
save something like £5 million a year, or ten 
per cent of the present cost to the university 
of medica! education. Some two-thirds of 
the saving will come from a general 
reduction of staff-student ratios through- 
out the medical schools. 

The accompanying reorganization of the 
London medical schools is only a pale 
shadow of the grand design put forward 
more than a year ago by a committee under 
Lord Flowers, rector of Imperial College. 
At the senate meeting last week, it was 
formally agreed that the Westminister 
Hospital Medical School (a clinical school 
now recruiting about 100 students a year) 
should be merged with the medical school 
at Charing Cross Hospital (now located in 
West London). Other proposed groupings 
of medical schools have been given until 
later in the year to work out how they will 
coordinate their teaching. 

The Westminster school considers itself 
unfairly singled out by these developments. 
Ever since the publication of the Flowers 
Report, Westminster has been urging the 
benefits of small medical schools, 
complaining that its students or their 


successors will be lost in a medical school. 
with an annual intake of 180, the planning 


figure for clinical students at Charing 
Cross. It also says that the efforts that have 
been made in the past year or so to 
coordinate teaching between the two 
hospitals may be jeopardized by the 
shotgun marriage now decreed. Given 
forward commitments to students, it may 
be as much as five years before teaching 
comes to an end on the Westminster site. 

In retrospect, the schools least affected 
by the changes now proposed are those at 
Guy’s Hospital and St Thomas’s Hospital, 
which announced last year that they would 
form a joint school, with a single governing 
body, but would continue to operate on 
both the present sites. This arrangement 
has now been sanctioned by the university 
senate. The other consortia from which the 
university is seeking financial savings are 
University College, Middlesex and St 
Mary’s, which are required between them 
to save the equivalent of one clinical and 
one preclinical school; St Bartholomew’s 
and the London Hospital, which have been 
given until June to suggest how they will 
merge; and King’s College (which has a 
preclinical school) and King’s College 
Hospital, which seem to be willing to fallin 
with the recommendation that they should 
form an integrated unit. 

The proposals accepted last week by the 
senate were recommended by the Joint 
Planning Committee on Medical 
Education, set up to pilot the Flowers 
Report through the university. In the past 


_ year, and espec 













y: as a result of: a detailed ~ 
analysis of the costs of the London medical, 
schools carried out by a firm of account- 
ants, it became clear that changes of staf 
student ratios offered the most rapid route 
to cost reductions. The committee accepts... 
as a standard for future staffing a ratio of: 









-1:10 for preclinical schools and 1:7 for cin 


ical schools. This would mean the loss of. 


180 academic posts, which it is hoped can: 
be achieved by natural retirement and” 


wastage in the next five or six years. 


Running through the report of the joint .’ 
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committee is the view that medical — 


education should be concentrated in larger 
units than at present, especially where 
modern buildings have been provided. In 
this spirit, the committee recommends that 
the development of the St George’s 
Hospital site in South London should be 
continued. The future of the postgraduate 
medical institutes remains entirely open, 
however. With the exception of the 
Institute of Dermatology (which is to 
merge with St Thomas’s Hospital Medical 
School), the institutes have been seriously 
affected by the reductions in the past year 
in the numbers of overseas students. The 
university is hoping that central 
government will help bail them out, but no 
decision has yet been reached. 

Last week’s decision by the university 
senate is likely to be regarded, within the 
University of London, as some kind of 
precedent for the reorganization of the 
non-medical parts of the university likely to 
be recommended by the Swinnerton-Dyer 
committee, due to report in September, 
and elsewhere as a sign that, if pressed 
hard, even British universities can change 
their ways. 


Law of the Sea 


US backtracks © 


Washington 

The Reagan Administration’s decision 
to carry out a complete review of the US 
position on the draft Law of the Sea 
Treaty, now under discussion at the United 
Nations in New York, indicates that 
significant new attitudes may emerge 
towards international resource disputes 
ranging from the surface of the Moon to 
the minerals of the Antarctic continent. 

The United States is considering whether 
to adhere to the concept that natural 
resources which lie outside the immediate 
political domain of individual nations 
should be treated as ‘‘the common heritage 
of mankind” — a term coined by the 
United Nations — or whether, in the name 
of free enterprise and the national security 
implications of a shortage of strategic 
minerals such as cobalt and manganese, 
this concept should be abandoned, to- 
gether with attempts to set up international 
regulationsto control exploitation. 

A new twist to the Law of the Sea nego- 


tiations comes from the likely take-over of 


the Kennecott Corporation, a leading critic 
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~ vof the United States’ negotiating position, 
~ by Standard Oil of Ohio (Sohio). Sohio is 
53 per cent owned by British Petroleum, 
which in turn is 45 per cent owned by the 

British government. In the past, BP 
Minerals, a member with Kennecott of one 
of the five consortia interested in deep-sea 
“mining, has been keen to finalize the treaty 
to ‘protect its existing exploration and 
mining operations. 

In theory, aSohio/Kennecott deal could 
favour a successful outcome to the Law of 
the Sea negotiations. In practice, the 
outcome could depend more on whether 
the Reagan Administration listens to 
arguments from international companies 
that a treaty is essential to the security of 
their future trading operations, or whether 
it gives greater weight to conservative 
pressure groups arguing that the whole 
“common heritage’ concept, along with 
Third World demands for a ‘‘new inter- 
national economic order’’, should be 
dismissed as socialist subversion. 

In dismissing several key members of the 
US negotiating team, and initiating a 
complete review of the treaty in its draft 
form, the Reagan Administration is 
responding to complaints from groups 
such as the Council on Economics and 
National Security. Council officials were 
-= among the principal authors of a warning 

by the American Geological Institute to the 
_ two presidential candidates last September 

of a Soviet “resource war’ aimed at 

-depriving the United States of materials 

indispensable to its national defence. 

Immediately after the election, the 
Reagan Administration set up a task force 
on national strategic minerals policy, 
which recommended a complete review of 
the draft Law of the Sea Treaty. One of the 
principal opponents of the treaty in its 
present form is a Washington attorney, 
Leigh Ratiner, acting head of the 
Department of the Interior’s office of 
oceans and minerals under President Ford, 
and later the chief lobbyist on the treaty for 
the Kinnecott Corporation. 

Mr Ratiner is acting as counsel to the L-5 
society, a 4,000-strong group of scientists 
and ‘‘futurists’’. The society is largely 
credited with stalling any effort by the 
Senate to ratify a draft treaty covering 
mining operations on the Moon, agreed in 
principle by the United Nations last year. 

Particularly strong opposition to the 
treaty has been voiced by the US Steel 
Corporation of Pittsburgh, a leading 
partner in the Ocean Mining Associates 
consortium. According to the chairman of 
US Steel, William R. Roche, policies 
pursued by the Carter Administration 

tended to increase the country’s strategic 
. mineral vulnerability. 

- Attempts to scuttle the Law of the Sea 
negotiations have been fiercely attacked by 
Mr Carter’s chief negotiator Mr Eliot 
Richardson, ex-ambassador to the United 
Kingdom, who warned that many 
multinational companies would face severe 
consequences if they tried to disrupt 
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agreements th already been reached 
by US negotiator: in good faith. 

Many ‘conservatives, however, see Mr 
Richardson’s position as symptomatic of a 
“soft” approach to the Third World that 
does little to protect US economic and 
strategic interests. A change in strategy on 
the Law of the Sea Conference could also 
have implications for other negotiations. 

Following the Antarctic Treaty of 1959, 
the 12 (now 14) nations laying claim to 
Antarctic territory have agreed voluntarily 
to restrain mining activities until an 
appropriate international treaty can be 
worked out. Yet this too is now being 
challenged by conservatives within the 
Reagan Administration, largely on the 
grounds that negotiations could result in 
the United States gaining less than it might 
expect from an international free-for-all, 
given its superiority in mining technology. 

Delegates attending the Law of the Sea 
negotiations session in New York, 
although dismayed with the Reagan 
Administration’s position, have agreed to 





India mines the sea 
New Delhi 

India has become the first developing 
country to collect polymetallic nodules 
from the ocean floor, a distinction 
achieved by India’s first research ship, the 
Gaveshani. The 1,900-tonne vessel, once 
a hopper barge and converted into a 
research ship in 1975, is operated by the 
National Institute of Oceanography 
(NIO) in Goa, one of the 40 institutes 
under the aegis of the Council of 
Scientific and Industrial Research. 

NIO has been preparing the Gaveshani 
for nodule hunting since 1978 and the 
catch was made in January during her 
cruise from Goa to Mauritius, which was 
led by Dr S.Z. Qasim, director of NIO. 

According to Dr Qasim, the Gaveshani 
located a nodule-rich region in the Indian 
Ocean about 700 miles from the mainland 
and reaching almost as far as Mauritius. 
During the return journey the ship 
collected more nodules from several loca- 
tions.at depths of 3,600-5,400 metres. 

Besides nickel, cobalt, copper, man- 
ganese and iron, the samples are believed 
to contain traces of gold, but their precise 
metallic contents are now being analysed 
by eight Indian laboratories. 

The Gaveshani’s nodule collecting gear 


Gaveshani — hunting for nodules 





had hoped that the Kennecott/Sot io deal, 
together with the influence of other. 
international groups such as Royal Dutch | 
Shell, might help to dilute the pressure of 
more nationally-oriented companies on the 
Reagan Administration. 

Meanwhile, a group of lawyers, 
scientists, environmentalists and .- 
economists has issued a report calling for. 
research into the character of the marine. - 
environment of the deep ocean, and itse 
susceptibility to mining operations. The- 
group points out that no explicit mention is 
made of the need for prior environmental 
assessment either in a bill on deep-sea 
mining rights passed recently in West 
Germany, or in draft bills now. before 
French and British legislatures. It was also 
concerned that such nations might. get 
together with the United States and other 
countries to set up their own institution for 
regulating mining activities before the Law - 
of the Sea negotiations finally break down: 

David Dickson 






















consisted of a 10,000-metre winch, 
underwater camera, dredges and some 
twenty ‘“‘boomerang grabs”, which go 
down to pick up the nodules and come u 
automatically. According to Dr Qasim, 
the surveyed seabed area had a nodule. 
concentration of | to 5 kilogrammes per 
square metre, which is potentially 
economic for mining. 

India is not ready to start mining 
proper, but NIO plans to map the nodule- | > 
rich region to assess its total mineral | 
wealth. The operation should be speeded | 
up next year when the Gaveshaniis joined 
by a second research ship now under | 
construction in West Germany. Since 
India imports all its nickel and cobalt and 
more than 60 per cent of its copper 
requirements, the discovery of a nodule | 
basin in its close vicinity should be 
welcome news. 

There is a long haul between picking up 
a few seabed nodules and being able to 
mine them commercially. Yet the 
Gaveshani’s demonstration has raised 
some eyebrows among nations that at 
present have a monopoly on ocean 
mining. It is likely that United Nations 
talks on the Law of the Sea will acquire a 
new dimension as a result of India’s 
unexpected entry into the ocean mining 
club. K.S. Jayaraman 











“1981 Macmillan Journals Lid: 


356 


we g è : * 
Licking Darwin 
Sir — How absurd to hold that Darwinism 
cannot be falsified. All it would take is a single 
clear demonstration of the de novo creation of 
a complex organism, well adapted to its 
environment, and the Darwinists would be 


legless. 
G.P. VINSON 


Department of Biochemistry and Chemistry, 
The Medical Coilege of St Bartholomew’s 
Hospital, London EC], UK 


Weed control 


Sir — As May emphasizes!, all possible steps 
should be taken to prevent the intrusion of 
noxious weeds into new regions. That article 
paid rather less adequate attention to weeds 
thai are already established. Consider two 
hypothetical situations. Suppose it was 
discovered that one of these weeds contained a 
valuable fibre. Within a few years we would 
have a conservation programme to save the 
weed from extinction. Suppose enterprising 
adciescents found that one of the weeds 
contained a hallucinogen. The $15 million 
quoted as the annual cost of water hyacinth 
control in Florida and Louisiana would be 
“chicken feed” compared with what drug 
control authorities would spend on 
elimination. 

Water hyacinth has been studied for so long 
that components as dramatic as these are 
unlikely to be found in it. Nevertheless, it is a 
prodigious producer of biomass and is often 
conveniently located on broad areas of water 
from which mechanical collection is easy. 
Twenty one years ago? I made “‘. . . a plea for 
some reorientation of thinking in areas 
suffering from, or threatened with, water 
hyacinth. There is a case for directing some 
research towards finding uses for the pest 
instead of concentrating all efforts on its 
eradication.” 

Since then, the pest has made great 
headway. Less headway has been made on 
finding uses for it. Interest is, however, 
increasing. Chibbar and Singh? fed cows on 
silage made from water hyacinth and paddy 
straw, and there have been several recent 
papers in the Indian Journal of Animal 
Science extending that work. Hyacinth is 
deliberately cultivated in China for pig feed. It 
is a component of the mixtures used for biogas 
fermentation in many countries, These and 
other uses are surveyed in Making Aquatic 
Weeds Useful (US National Academy of 
Sciences, 1976) and in Handbook of 
Utilization of Aquatic Plants (Food and 
Agricultural Organization, 1979). This is 
encouraging. But the amount of effort put 
into finding uses for water hyacinth and other 
weeds is a tiny fraction of the effort put into 
killing them. I do not suggest deliberate 
encouragement, only the assignment of 
comparable importance to both lines of 
approach. 

N.W. Pirie 
Harpenden, Herts, UK 


1. May, R.M. Nature 290, 85-86 (1981). 
2. Pije, N.W, Nature 185, 116 (1960). 
3, Chibbar, S.S. & Singh, G.D. indian Farming 26, 24 (1971). 





Cafeteria feeding 


Sir -— | wonder if I am alone in my dislike of 
the term ‘‘cafeteria feeding’ used first, I 
think, by Rothwell and Stock in 1979 
(Rothwell, H.J. & Stock, M.J. Nature 281, 31; 
1979). According to the Concise Oxford 
Dictionary a cafeteria is a ‘‘restaurant in 
which customers fetch food and drink froma 
counter” which is hardly an accurate 
description of the behaviour of rats allowed to 
make their own choice of palatable items of 
food. I would like to suggest that, before it is 
too late, editors of scientific journals ask 
authors to use a more accurate description, for 
example to replace ‘‘cafeteria diet” by ‘a self- 
selected palatable diet” (abbreviated SSPD) or 
other equivalent term. 


A.S. COLE 
University of Bristol, UK 


Cancer causation 


Sir — The recent series of articles!} on cancer 
causation prompts me to respond. Without 
defending Epstein and Swartz, 1 would like to 
offer several alternative explanations to some 
of the examples which Cairns used to argue his 
case that somatic mutations play little or no 
part in human carcinogenesis. 

Although Cairns’ novel hypothesis is to be 
welcomed a3 a stimulus to new experimental 
approaches, I feel that he has summarily 
dismissed a significant amount of evidence 
consistent with the somatic mutations theory 
of cancer. Furthermore, carcinogenesis is a 
multi-step process and there are probably 
several distinct molecular mechanisms that can 
“cause” and influence carcinogenesis, not the 
least of which are somatic mutations?, 

Specifically, Cairns argues that the apparent 
lack of common fatal cancers in xeroderma 
pigmentosum (XP) individuals (the cells from 
whom lack proper DNA repair causing them 
to be hypermutable to many mutagens, 
including the ultraviolet component of 
sunlight) is evidence that the production of 
mutations in XP cells is probably irrelevant to 
carcinogenesis. There are at least two 
reasonable alternative explanations why XP 
patients rarely get cancers other than skin 
tumours>, The XP patients normally do not 
live long enough to manifest these internal 
tumours (an explanation cited but dismissed 
by Cairns) and mast cancers are the result of 
initiation (mutagenesis) and promotion 
{amplification of an initiated cell into a clone 
where additional genetic or epigenetic changes 
can occur). One can explain the production of 
skin tumours in XP on this hypothesis since, 
using this concept, repaired sunlight-induced 
lesions in the skin cells of XP patients will lead 
to both cell killing and mutated viable cells. 

In effect, the large numbers of killed cells 
will “force” the surviving, but initiated, cells 
to repopulate the necrotic tissue, giving rise to 
clones of dysfunctional cells. During that 
repopulation phase, some of these initiated 
cells are further exposed to more mutagens. 
Thus, the cytotoxicity caused by the inability 
to repair large amounts of sunlight-induced 
DNA damage can be considered an “indirect 
promoter”, much in the manner of a partial 
hepatectomy?. On the other hand, internal 
cells of XP patients, which are exposed to 
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chemical mutagens that mimic sunlight- 
induced DNA damage, probably are not 
exposed to high enough levels constantly to 
cause significant cell killing, as occurs in the 
skin. In effect, these initiated cells will not be 
promoted! Only after long periods of time or 
exposure to chronic effective levels of 
exogenous or endogenous tumour promoters 
will internal tumours appear. 

A second argument used by Cairns to 
support this thesis of genetic transposition was 
the discussion on Bloom’s syndrome. I agree 
with Cairns that Bloom’s syndrome might bea 
“better” model for studying carcinogenesis, 
but for a different reason. At the time of 
writing his paper, Cairns was not aware of the 
observation that Bloom’s syndrome seems to 
be a “mutator” syndrome, in that it 
spontaneously generates mutations in their 
somatic tissue. In effect, Bloom’s cells can 
generate mutations in any proliferation cell of 
the body, with or without exposure to 
‘environmental’ mutagens. This would 
explain the wide range of tumours (and other 
clinical features) associated with the 
syndrome, and would also fit the initiation/ 
promotion model, since each time a 
spontaneous mutant cell arises and then 
divides, it can enhance the probability of 
additional genetic imbalances. 


ee ae James E. Trosko 
Michican State University, 


East Lansing, Michigan, USA 

i. Epstein, 5.5. & Swartz, J.B. Nature 289, 127-190 (1981). 
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DNA ¥Vol.2 (ed. Grover, P.L.) 181-200 (CRC Press, Boca 
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8. Trosko, J.E. & Chang, C.C. Med, Hypothesis 6, 455-468 
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Genes and free will 


Sir — Asked to dissociate themselves from the 
neo-Nazi use of their names and theories, 
John Maynard Smith! and Richard Dawkins 
have both done so. Professor Maynard 
Smith’s unequivocal couple of sentences will 
be no surprise to scientists who know him as a 
man of principle and integrity; his letter will 
give no comfort to the Nationa! Front or any 
similar grouping. 

It is a pity, though, that Dr Dawkins 
appears to think that the issue I sought to raise 
in my letter is of a parallel with the relatively 
harmless debate on cladistics and dialectics 
which has kept us entertained over recent 
months. If it were not for that dreary little 
edge of “reds under the bed” of which 
Stephen Jay Gould reminds us}, I suspect we 
could look forward to Nature with the same 
enthusiasm as once we had for Beano. 
However, the issues are not the same. Racism 
directly haunts the streets of our cities. In our 
laboratories neither Dawkins nor I live in the 
daily hazard that the obscene rubbish of the 
New Nation and its followers fosters in the 
East End or New Cross. When Dawkins 
disdains the ephemera of mere ‘Shuman 
politics’’, or accuses his critics of being as 
guilty as the Nazis of dragging the elegant 
purity of his neo-Darwinsim into the litter of 
the city streets, he does so at the peril of a 
repetition of the tragedies of the 1930s. 

Of course we must all beware of the fallacy 

Continued on page 432 
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Nerves, myelin and 
multiple sclerosis 


from Miranda Robertson 


AT the beginning of December, a select 
group of clinicians came together with a 
similar group of research biologists in 
Berlin to plumb the depths of their 
respective ignorance about multiple 
sclerosis and the glial cells of the central 
nervous system. Multiple sclerosis is 
baffling in almost every respect — its cause 
is unknown, its pattern erratic and its 
course extraordinarily variable. The target 
of the disease is the myelin that insulates 
the nerve fibres of the central nervous 
system, or the oligodendrocytes that 
‘produce it. The symptoms are thus due to 
blocked or unreliable conduction along 
nerves, but it isnot known what induces the 
attack on the myelin; nor is it understood 
why, rather than steadily worsening, the 
symptoms should alternately flare up and 
partly subside over the progressive course 
of the disease; nor why some patients may 
remain free of symptoms for years after a 
first attack, whereas others will suffer 
repeated relapses and die within a decade. 

Two of the principal aims of the 
meeting*, whose main topic was the 
relationship between neurones and glia but 
which also included much discussion on 
viral and immunological mechanisms, 
were to try to establish, first, what is going 
on in multiple sclerosis patients, and 
second, what might be done about it. 

Probably the most cogent view of the 
characteristics of the disease is due to the 
immunologists, whose contribution has 
recently been discussed in Nature by 
Bloom!. The pattern of exacerbation and 
remission of symptoms, for example, may 
represent defective (and thus irregularly 
oscillating) regulation of an immune 
response, manifesting itself as recurring 
episodes of inflammation — an 
explanation consistent with the efficacy of 
steroids during acute attacks (B. Arnason, 
Chicago University). 

The cause of the inflammation and tissue 





*The Dahlem Conference on ‘Neuronal~Glial Cell 
Interrelationships’ was held in Berlin on November 30 
~December 5 1980. A Dahlem Workshop Report on the 
conference will be published. - 
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destruction could bea latent virus infection 
and the immune response to it, or an 
autoimmune attack on the central myelin 
that might or might not have been stimu- 
lated in the first instance by viral infection. 
In animals, the pathological changes can be 
mimicked by some viral diseases, or by 
immunization with central myelin — 
though in the latter case, the disease 
follows a chronic relapsing course only in 
animals with genetic immune deficiencies. 


(This may be significant in the light of: 


evidence in man for linkage with specific 
HLA antigens: see below.) 

However, multiple sclerosis itself is not 
associated with a specific immune response 
either to a particular virus or to a com- 
ponent of the central nervous system; nor is 
there any evidence that immunosuppres- 
sive treatment can alleviate acute attacks of 
the disease. This raises two questions. The 
first is that of the relevance of any of the 
existing animal models to the human 
disease. The second is whether there is any 
point in looking for immune correlates of 
of multiple sclerosis without having 
identified a specific antigenic target: 
immune activity in itself is a very poor 
guide to aetiology, since tissue degener- 
ation from any cause (including, for 
example, stroke) will attract the attention 
of the immune system. 

Nonetheless, many laboratories have 
looked for changes in the immune response 
that may be associated with multiple 
sclerosis, and one of the most recent fruits 
of such research has been the discovery that 
exacerbations of the disease coincide with a 
reduction in the level of circulating 
immunoregulatory T cells?. This may mean 
that the failure of immune regulation 
unleashes the attacks (in which case, 
however, why specific to central mvelin?), 
or alternatively that suppressor T cells and 
oligodendrocytes share an antigen and the 
disappearance of the immunoregulatory 
lymphocytes is a concomitant and not a 
cause of the attack. Many participants at 
the meeting took the view that the latter 
was the more interesting possibility 


because it could lead to the identification 
of the antigenic target — an advance whose 
importance it would be hard to exaggerate. 

There is, of course, a strong possibility 


that there is no single cause of multiple 


sclerosis. It was. generally agreed, foro A 
example, that if the disease isaresponseto 





viral infection it is very likely that more 
than one virus can elicit it. But some very 
preliminary genetic evidence suggests that 
the heterogeneity of multiple sclerosis may 


run deeper than that. Nowadays, if nothing 
else is known about a disease — in fact, 
particularly if nothing else is known — its 
HLA association is. Multiple sclerosis in 
Europe is in linkage disequilibrium with 
HLA antigens D2 and D4 (ref.3), but more 
recent investigations have revealed a 
further link, with DR3. The significance of 
these associations is unknown, but their 
weakness, together with genetic evidence 
from family studies, and in particular from 
twins, strongly suggest that HLA D2 and 
D4 are in linkage disequilibrium with some 
other, unknown genetic factor 
predisposing to the disease (W.1. 
McDonaid, London University). The case 
of DW3, on the other hand, may be 
different: DW3 is associated with two 
known autoimmune diseases, myastenia 
gravis and autoimmune thyroiditis; there is — 
thus a possibility that its prevalance reflects. 
a defect in immune regulation predisposing 
to autoimmune attack — the exact target 
presumably depending on other factors. 

If the ultimate cause of multiple sclerosis 
remains unknown, can anything be done in 
the meantime about its proximal cause? 
Can conduction be restored in 
demyelinated nerves, or dead 
oligodendrocytes be replaced? Drugs that 
enhance conduction have been tried, but 
without much success. One of the most 
recent efforts in that direction has been 
with 4-aminopyridine, which blocks 
potassium channels and prolongs the 
action potential*. This facilitates 
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conduction but unfortunately at the same 
time promotes seizures. It is, in any case, 
doubtful how far simply overcoming con- 
duction block could restore useful 
function, since both the pattern and the 
spread of impulses would inevitably be 
grossly abnormal. 

Some natural short-term recovery of 
function, on the other hand, is to be 
expected on the basis of recent investi- 
gations on the distribution of sodium 
channels in myelinated nerves. In the peri- 
pheral nerve, sodium channels are 
clustered at the nodes of Ranvier, being 
scarce or absent in the membrane under the 
myelin sheath’. This means that 
immediately after the demyelination of a 
peripheral nerve, conduction is completely 
blocked and it is not until some days after- 
wards that sodium channels begin to 
appear at the internode region and action 
potentials can be propagated across it (T.A. 
Sears, London University). If the same 
differential distribution of channels holds 
in the central nervous system (and there is 
some evidence that it does®), the 
exacerbating and remitting pattern of 
multiple sclerosis may partly reflect the 


length of time it takes for sodium channels 
to redistribute themselves after demyelina- 
tion. 

Real recovery could be brought about 
only by the proliferation of oligodendro- 
cytes and remyelination of axons. 
Although Schwann cells are known to pro- 
liferate and remyelinate peripheral fibres, 
and central remyelination commonly 
occurs in other demyelinating diseases, it 
does not seem to occur in multiple 
sclerosis. This suggests that multiple 
sclerosis may destroy the oligodendrocytes 
which, unlike Schwann cells, cannot be 
replaced. This reflects the more advanced 
state of differentiation of the 
oligodendrocyte. Not only can Schwann cells 
in culture be induced to proliferate, both 
by contact with axonal membrane (R.P. 
Bunge, Washington University) and by a 
soluble pituitary protein’, but they can also 
be induced by co-culture with nerves to 
increase 1,000-fold the synthesis of the 
principal myelin protein; or, by co-culture 
with muscle cells, to synthesize acetyl- 
choline. Cultured oligodendrocytes, on the 
other hand, will synthesize the principal 
central myelin proteins in the absence of 


neurones, although they do seem to depend 
on astrocytes to support proliferation (R. 
Mirsky, London University). What signals 
either Schwann cells or oligodendrocytes 
in vivo is quite unknown, although with the 
recent development of specific markers for 
central and peripheral neurones and glia, 
this question is now open to investigation in 
vitro. 

Whether such investigations will make 
any direct contribution to the treatment of 
multiple sclerosis, or whether the capacity 
for recovery in the central nervous system 
lies in its inherent plasticity rather than in 
regeneration, only more research can 
show. In the meantime, everyone agreed 
that prevention is always preferable to 
cure; in the case of multiple sclerosis, it 
may be the easier to achieve. z 
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A new model for phototransduction 


from Peter G. Lillywhite 


In this issue of Nature, R. Payne and J. 
Howard (see page 415) put forward a new 
model for phototransduction which 
provides an elegant alternative to the 
cascade model of Hodgkin'. A successful 
model for phototransduction in 
vertebrates and invertebrates needs to 
explain (1) the latency of the response, (2) 
the increase in sensitivity to light steps and 
flashes with dark adaptation, and (3) that 
large increases in sensitivity can occur with 
only small changes of time scale. In the 
model invented by Hodgkin and fitted to 
Limulus receptors in collaboration with 
Fuortes!, a cascade of stages, each 
occurring with an exponential delay, was 
assumed. Several stages are required 
because a single step would not, for 
example, exhibit latency. It turned out that 
about ten exponential stages were required 
to mimic the responses of Limulus 
receptors. Strong illumination was 
assumed to decrease the time constants of 
most, but not all of the exponential stages 
of transduction, causing the decrease in 
sensitivity observed with light adaptation. 
It was immediately attractive to give 
physical reality to the hypothetical chain of 
exponential stages or ‘events’ as chemical 
reactions. Borsellino et al. showed in 1965 
that, if it is assumed that the time constants 
of the exponential delays represent the 
rates of chemical reactions, the effect of 
temperature upon voltage response fits the 
classical Arrhenius relationship’. 
Although they took the necessary 
precaution of pointing out that consistency 
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with the Arrhenius relation was not proof 
that the hypothetical chain of chemical 
reactions actually existed, chemical 
reaction chain models are nevertheless 
highly popular. For example, Baylor et al. 
recently (1974) modelled the responses of 
cones in the turtle retina using a chemical 
reaction cascade model’. 

Payne and Howard now propose an 
alternative mathematical and conceptual 
model to that of Fuortes and Hodgkin and 
other similar cascade models. The model is 
attractive, because it describes locus photo- 
receptor responses (which are very similar 
to those of Limulus modelled by Fuortes 
and Hodgkin) almost perfectly, accounting 
for the three characteristics listed above, 
but does not require a chain or cascade of 
many hypothetical stages. The cascade 
models of Fuortes and Hodgkin and 
Baylor et a/. have an unattractive side to 
them, which is the large number of implied 
transduction steps or reactions. To fit the 
photoreceptor responses they studied, 
Fuortes and Hodgkin required about ten 
steps and Baylor ef al. required nine (six for 
creation and three for destruction of ion 
channel blocking particles). When Payne 
and Howard tried to use these models to fit 
locust photoreceptor responses, between 
13 and 20 (Fuortes and Hodgkin model) 
and between 20 and 48 (Baylor ef al.’s 
model) steps were required — a seemingly 
implausible number. Payne and Howard's 
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model is simple and minimal in its com- 
plexity and assumptions: photoreceptor 
impulse responses are assumed to be loga- 
rithmically transformed Gaussians. The 
only variables are s, the sensitivity, which is 
fixed for a given cell, and u and o, the mean 
and standard deviation of the transformed 
Gaussian. Furthermore, the effect of light 
adaptation and temperature change can be 
modelled by changing a single parameter, 
u, which changes the time scale of the 
response and could represent the rate 
constant of a single transduction process. 
Mechanistically, as well as mathemati- 
cally, the Payne and Howard model is a 
simple working hypothesis which fits 
available data and is strikingly similar to 
recent suggestions by Hamdorf and 
Kirschfeld‘ arising from their experiments 
on fly photoreceptors. Payne and Howard 
assume that absorption of a photon by a 
rhodopsin molecule leads to release of a 
chemical transmitter, the concentration of 
which smoothly rises to a peak before 
declining. The transmitter molecules open 
the ion channels responsible for the change 
in membrane potential during illumin- 
ation. In insects and those other inver- 
tebrates which have rhabdomeric photo- 
receptors, illumination causes 
depolarization However, in order to adapt 
this model to vertebrate cilial photo- 
receptors, which hyperpolarize during 
illumination, one need only assume that 
the transmitter molecules close, rather than 
open ion channels. The threshold trans- 
mitter concentration for activation varies 
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from one ion channel to another 
according, it is assumed, to a gaussian dis- 
tribution. This variability is responsible, 
according to the Payne and Howard 
model, for the long-lasting nature of the 
«membrane potential produced by an 
‚instantaneous light pulse. The long latency 
‘of phototransduction, which can be tens of 
milliseconds for small responses in dark- 
adapted receptors, is assumed to be due to 
the time required for transmitter concen- 
tration to exceed the activation thresholds 
of the ion channels. Hamdorf and 
Kirschfeld recently pointed out that the 
rapidity of micro-spectrophotometrically 
observable pigment conversion (around 
0.5 ms) and diffusion cannot account for 
the long latency of phototransduction in 
flies. In showing that simultaneous 
absorption of two photons by the same 
rhabdomere microvillus causes a discrete 
reduction in latency, Hamdorf and 
Kirschfeld concluded that each 
rhabdomere microvillus may represent a 
single functional unit, which generates 
transmitter molecules by means of a single 
enzymatically activated transduction step*. 
As in the Howard and Payne model, 
Hamdorf and Kirschfeld attribute the long 
latency to the time taken for the con- 
centration of transmitter generated to 
exceed a threshold level. 

An additional requirement for any real- 
istic model of transduction in insects is that 
the first 3-5 ms of transduction latency 
consist of reversible events localized at the 
_ level of the photopigment molecule, since 
_Hamdorf and Kirschfeld have recently 
shown that reconversion of metarhodopsin 
to rhodopsin within this period prevents 
the rhodopsin to metarhodopsin 
conversion having any effect’. Thus, no 
irreversible events, such as release of ‘live’ 
transmitter, occur in this period. It is 
attractive to assume that the remaining few 
milliseconds before onset of the response 
are indeed due to a single enzymatically 
activated generation of transmitter, as 
suggested by Hamdorf and Kirschfeld* and 
as fitted by Payne and Howard’s mathe- 
matical model. No transduction enzyme 
has yet been fully characterized, although 
there is some evidence that a specific 
protein is involved in the intermediate steps: 
of phototransduction®. 

It would be interesting to know how well 
the Payne and Howard model fits the re- 
sponses of other invertebrate photo- 
receptors and whether it can be used to 
model the responses of vertebrate photo- 
receptors, because it predicts a much 
simpler model of transduction than th 
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Second sound in 2>He 


from P.V.E. McClintock 


SECOND SOUND is an unusual type of 
propagating wave mode, which can occur 
in superfluids, involving fluctuations in the 
local temperature and entropy of the 
medium rather than in the local density and 
pressure as found in a conventional sound 
wave. The phenomenon has been 
investigated, both experimentally and 
theoretically, in the common helium 
isotope, *He, over many years; but its 
observation in He, whose ultra-low 
temperature superfluidity is still a relatively 
recent (1972) discovery, was reported for 
the first time by Corruccini and Osheroff 
only last year (Phys. Rev. Lett. 45, 2029). 

At temperatures not far below their 
superfluid transitions ( ~ 2K for *He, 2 mK 
for ?He), both liquid heliums behave much 
as though they were composed of two 
separate but freely interpenetrating 
liquids: a superfluid component (aniso- 
tropic in the case of >He) with no viscosity 
or entropy and a normal fluid component 
possessing the properties of a (fairly) 
normal liquid. This type of two-fluid 
system is able, in principle, to support two 
quite distinct wave modes. Where the two 
components vibrate in unison with each 
other, the result isan ordinary density wave 
know as ‘first sound’. If, on the other 
hand, the two components move in 
antiphase, with the overall liquid density 
remaining essentially constant, the charac- 
teristic wave propagation velocity turns out 
to be quite different, corresponding to 
‘second sound’. 

Although second sound is very readily 
generated and detected in superfluid *He, 
calculations had suggested that the 
corresponding mode in the principal (A 
and B) phases of superfluid He would 
travel exceedingly slowly and be very 
strongly attenuated as it travelled through 
the liquid. Consequently, although second 
sound should, in principle, exist in He, it 
would quite probably prove impossible to 
detect it in practice. Liu predicted (Phys. 
Rev. Lett. 43, 1740; 1979), however, that 
within a very narrow region of the phase 
diagram, the A, phase, the liquid might, in 
fact, be capable of supporting a freely pro- 
pagating second sound wave — and it 
would be second sound of an entirely novel 
and particularly interesting kind. 

The A, phase is formed under the influ- 
ence of a strong magnetic field as an inter- 
mediate stage in the transition between 
normal liquid He and the superfluid A 
phase. The superfluid component of the 
latter can itself be considered as being made 
up of two sub-components in which the 
constituent pairs of ?>He atoms lie with their 
nuclear magnetic moments lying either 
parallel or anti-parallel to an applied 
magnetic field. These ‘up-spin’ and ‘down- 
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spin’ superfluids seem, in many respects, to 
behave almost independently of each 
other. When normal liquid > He is cooled in 
a magnetic field, the superfluid transition 
to the A phase is found to take place in two 
stages, at temperatures Ta, and Ta, whose 
separation is proportional to the applied 
field, and this is believed to correspond to 
the two superfluid sub-components having 
slightly different transition temperatures. 
Thus, for temperatures in the narrow range 
(typically 50 uK) between Ta; and Taa, only 
one of the spin species will be superfluid — 
this is known as the A, phase. 


Measurements of the velocity, C,, of 
second sound in the A, phase of superfluid 
3He; the square of the velocity is plotted as 
a function of reduced temperature (1- . 
T/Ta,). Note that the temperature 
decreases to the right. Inset: the 
experimental cell showing the transducers 
(at top and bottom) separated by a 
propagation length of 10 mm, and the 
NMR coil (in the middle). 





Liu pointed out that second sound in the 
A, phase, if it occurred, would carry an 
associated magnetic disturbance: 
counterflow of the normal and superfluid 
components would necessarily involve a 
spin density wave because only one pre- 
ferentially aligned spin species would be 
present. He was able to predict that, for a 
hybrid second sound wave/spin density 
wave of this nature, the velocity would be 
much higher and the attenuation much 
smaller than would otherwise be 
anticipated for second sound in *He. 

It is this hybrid wave mode whose 
existence Corruccini and Osheroff have 
now successfully demonstrated at the Bell 
Telephone Laboratories, Murray Hill. 
They generated the mode by vibrating a 
capacitatively coupled porous membrane 
in the liquid. The precise mechanism by 
which this type of transducer operates is 
still somewhat ambiguous but, if one 
assumes that the membrane couples only to 
the normal fluid component, it is then clear 
that any motion of the membrane will 
result in a relative velocity of the normal 
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and superfluid components. The primary 
detection system depended on the same 
principles, but operating in reverse. 

The received signals were weaker than 
anticipated, but yielded velocities which, as 
shown in the figure, appear to be in 
excellent agreement with the prediction, 
based on the theory of Liu, that the square 
of the velocity should be directly pro- 
portional to the reduced temperature (1 - 
T/ Ta). Some highly significant additional 
information was obtained from a small 
NMR coil placed in the middle of the 
experimental cell, which enabled the 
authors to monitor the magnetic dis- 
turbance which occurred as the second 
sound wave passed by on its way from the 
generator to the detector, On the basis of 


Ice core studies: 


careful analysis of the relative shapes of the 
NMR and acoustic signals they tentatively 
conclude that, quite contrary to 
expectation (Levin Phys. Rev. Lett. 34, 
1002; 1975), the paired spins forming the 
superfluid in the A, phase are in reality 
aligned ‘up’ along the magnetic field, 
rather than ‘down’. This conclusion should 
be treated with caution until corroborated 
by some other means, but it is certainly 
intriguing. 

Although several features of the 
experimental results still await detailed 
interpretation, there now seems no doubt 
that Liu’s exotic wave mode exists in reality 
and that the work will lead to a significantly 
enhanced understanding of superfluid 
He. c] 


dating the 


past to find the future 


from W. Dansgaard 


How did atmospheric carbon dioxide 
influence the climate in the past? Will the 
two large ice sheets, in Antarctica and 
Greenland, be stable enough to withstand a 
possible climatic warming? If not, how fast 
could they disintegrate? How old are they? 
Hew abrupt was the termination of the last 
interglacial, the Eem? When did it happen, 
and why? Did volcanic activity trigger that 
event? Is the Earth ripe for another 
catastrophic turn into glacial conditions? 
How did cosmic radiation change in the 
past? What were pre-industrial deposition 
rates of the various chemical elements that 
are now being emitted by modern industry? 

These, and many other important 
problems may be partially, if not 
completely solved by investigation of the 
mere than 3,000 m thick ice sheets which 
are proving richer sources of information 
about past atmospheric conditions than 
any other sequence of Quaternary 
sediments on Earth. All kinds of fall-out 
from the atmosphere, such as air-borne 
continental dust and biological material, 
volcanic debris, sea salts, cosmic particles 
and cosmic ray-produced isotopes, are 
deposited on the surface along with the 
snow and each year a new layer is added to 
the old. The snow pack is gradually 
compressed into solid ice with small 
cavities containing samples of atmospheric 
air. In the coldest areas of the ice sheets, the 
impurities remain in the ice as deep-frozen 
indicators of the chemical composition and 
the physical condition of the atmosphere at 
the time of deposition. Nothing is added, 
nothing runs off or is displaced, and no 
chemical reaction takes place; in fact, the 
composition of the ice layers changes only 
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by decay of the radioactive impurities and 
by extremely slow diffusion processes in 
the ice crystal lattice. 

The ice layers sink into the ice sheet in an 
undisturbed sequence with continuous 
horizontal stretching and consequent 
thinning. In areas with no melting at the 
bedrock, the layers approach zero 
thickness close to the bottom. This is the 
reason why an ice core drilled through the 
coldest part of Greenland ice sheet makes it 
possible to establish continuous and 
detailed time series of many geophysical- 
chemical parameters, reaching several 
hundred thousand years back in time: CO, 
content in the atmosphere!*; climatic 
changes in terms of surface temperature’ 
and accumulation variations®; chemical 
composition of the atmosphere’; volcanic 
activity and its cooling effect in the 
troposphere? and cosmic radiation flux’. 
In central East Antarctica the oldest ice 
may even be an order of magnitude older 
than in Greenland, but the snow 
accumulation rate is so low’ — in some 
areas even zero or negative — that an 
Antarctic ice core does not necessarily 
represent a continuous sequence of 
deposition. 

Dating of an ice core is prerequisite for 
proper interpretation of a data series. A 
number of dating methods have been 
developed on the basis of ice flow models, 
and analyses of isotopes, volcanic debris 
and continental dust in ice cores!®. Most 
accurate are the stratigraphical methods, 
that is, detection and counting of the 
individual annual layers downwards from 
the surface. In areas with high accumu- 
lation (> 25 cm ice yr™') and no melting, 
these methods allow absolute dating to 
within a few years per thousand if the ice 
core is in perfect physical condition. This 


accuracy is required when high-frequency 
components of the time series are to be 
compared with similar features in other time 
series. For example, the acidity of annual 
layers could be reconciled with historical 
records of volcanic eruptions within the past 
millenium® only because each layer was dated 
back to near the correct year of deposition!®. 
So far, no ice core has been absolute-dated 
beyond AD 553. 

Under favourable conditions the annual 
stratification will probably be detectabie 
far beyond 10,000 yr BP, but, at present, ice 
from the early stages of the last glaciation 
must be dated by radioisotopes. However, 
the conventional low-level -counting 
technique requires preparation of much 
larger amounts of ice than is available in an 
ice core!!. It is therefore a great step 
forwards that the limit of radioisotope 
detection has been lowered by orders of 
magnitude in recent years by means of an 
accelerator/mass spectrometer combina- 
tion that identifies and detects the radio- 
active atoms themselves instead of the 
B-particles emitted when they decay!?-. 


This makes it possible to perform 4C 
dating back to 50,000 yr Bp using as little as 
1 cm} CO, which is the approximate CO, 
content in §mofa 10cm ice core. This core 
length may span only a few hundred annual 
layers at depths corresponding to 50,000 yr 
of age in the central parts of the large ice 
sheets!®, Ice from the early stages of the last 
glaciation has to be dated by longer-lived 
isotopes, of which 3Cl is the most 
promising. As the half life is relatively 
favourable (310,000 yr), a + 3 per cent 
detection accuracy is within reach'*; andan 
0.5 m core increment is sufficient. Yet, the 
corresponding dating uncertainty will be as 
high as + 13,000 yr, even if the production 
rate of 35°C] in the atmosphere is assumed 
to have remained constant. If the 
production rate at the time of deposition 
were 10 per cent different from the present 
value, it implies a dating error of no Jess 
than 43,000 yr. 

This difficulty may be partly overcome if 
the 'Be (half life 1.5x10° yr) 
concentration is measured in the same ice. 
The **C1 to Be concentration ratio may 
then be used as an age indicator that is 
essentially independent of the production 
rate, because both isotopes are produced in 
the atmosphere by impact of cosmic 
radiation, and both of them are scavenged 
by precipitation after a short residence time 
in the atmosphere'. Nevertheless, when 
accounting for another 3 per cent 
uncertainty on the !°Be analysis, we end up 
with a total dating uncertainty of + 30,000 
yr on an individual ice sample. Owing to 
the small amount of ice needed, it may be 
feasible to carry out independent datings 
on, say, 10 ice core samples of approx- 
imately the same age around 100,000 yr, 
thereby reducing the statistical uncertainty 
on the mean value to + 10,000 yr, which can 
be extremely useful for checking the 
validity of ice flow models. A complete 
36C1/!°Be profile along the lower part of an 
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ice core, in which the entire transition 
(120,000 to 60,000 yr BP?) from the last and 
really warm interglacial (the Eem) to full 
glacial conditions is revealed by oxygen 
isotope ratio changes, would probably lead 
to the long-needed climatic counterpart to 
the continental ice volume records derived 
from analyses of foraminifera in deep-sea 
cores! 7-19, 

These records show that at the end of the 
Eem some 120,000 yr ago the amount of 
continental ice began to increase, and that 
it grew from less than today to more than 
double the present amount within less than 
10,000 yr. The drastic climatic deter- 
ioration, which triggered off the enormous 
glacier advance, may have taken place 
within a much shorter time interval”, 
perhaps a century or less, to judge from a 
Greenland isotope record?! and from 
pollen records?*-24. However, these records 
are poorly dated before 50,000 Bp, and the 
possibility of a discontinuity in the layer 
sequences must be taken into account, the 
more so as the suggested duration (one 
millenium only) of the cold period that 
succeeded the Eem is inconsistent with the 
build-up of huge amounts of continental 
ice. 

it is extremely important to study why 
and how abruptly the Eemian interglacial 
came to an end, because it might change 
our conception of atmospheric stability, 
and describe a possible mode of termina- 
tion of the present interglacial. The new 
radioisotope ice dating technique will not 
be able to reveal the duration of the past 
climatic shift, but a counting of annual 
layers, deposited in a continuous sequence 
throughout the shift, may be feasible by 
modified detection techniques, because 
such layers, each 1 mm thick, probably 
exist some 80 m above the bottom of the ice 


penny 


sheet in central Greenland!'®. Cl. 
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The origin of cosmic gamma-ray 
bursts — new Soviet results 


From B. J. Teegarden 


SINCE their accidental discovery in 1973 by 
Vela spacecraft, gamma-ray bursts have 
continued to be a mysterious and intriguing 
phenomenon. Lasting from a few seconds 
to a few tens of seconds, these bright 
flashes of gamma radiation occur 
randomly every one to two weeks. With 
one possible exception the identification of 
the sources of these events remains 
unsolved. 

A multi-spacecraft network including 
experiments designed in the United States, 
France and the Soviet Union has been used 
to time the arrival of the gamma-ray burst 
wavefront to determine the arrival 
direction of the radiation. The only burst 
for which a source identification was made 
is the very unusual event of 5 March 1979 
which displayed a very sharp, intense 
radiation spike lasting only 0.1 second and 
was followed by 8 second oscillations 
lasting for approximately 100 seconds The 
arrival direction of this burst coincided 
with the remnant of a supernova explosion 
(labelled N49) in the Large Magellanic 
Cloud, our nearest neighbouring galaxy. 
This, however, was a highly unusual event, 
and its identification is still not universally 
accepted. At this time no other gamma-ray 
burst source identifications have been 
made. This is in spite of the fact that arrival 
directions for a number of events have been 
precisely determined. 

A number of different models have been 
put forth to explain the energy source of 
these bursts. Two of these may be briefly 
summarized: the first hypothesizes that a 
solid body falls onto the surface of a 
neutron star providing a nearly 
instantaneous release of energy. The 
second proposes that infalling material 
from either a companion star or the 
interstellar medium gradually builds up a 
surface layer at the poles of a neutron star. 
Sufficient accumulation of material over a 
period of time leads to an unstable 
condition wherein a thermonuclear 
explosion can occur. In either case the 
resultant heating of the atmosphere 
immediately above the surface of the 
neutron star is sufficient to cause the 
release of an intense burst of gamma 
radiation. 

Some dramatic new observations of 
gamma-ray bursts have recently been 
reported by E. P. Mazets and his colleagues 
at the loffe Physical~Technical Institute in 
Leningrad (see this issue of Nature, p.378) 
that shed important new light on the 
question of the origin of these events. 
Mazets and his co-workers have measured 
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the spectra of a large number of bursts 
using detectors on board the Soviet Venera 
li and 12 spacecraft. They have found 
remarkable emission and absorption 
features in 26 of the 80-90 events that were 
measured. Most of the spectra display 
pronounced absorption in the 30-70 keV 
range. This has been intepreted as being 
due to a phenomenon known as cyclotron 
absorption. 

It is expected that extremely strong 
magnetic fields will surround a neutron 
star. This follows if the magnetic flux is 
conserved during the collapse of the parent 
star down to the neutron star. A simple 
extrapolation from the parent star to its 
compact offspring yields a magnetic field 
in the 10!2 gauss range, a value far beyond 
any achieved in the laboratory. Anelectron 
in such a field will be constrained to spiral 
tightly about the magnetic field line. 
Quantum theory predicts that the electrons 
will be confined to discrete energy levels 
and that the transitions between these 
levels will be accompanied by either the 


emission or absorption of radiation. In a 


5 x102 gauss magnetic field the 
characteristic energy of the transition is 
~ S50 keV. The absorption and emission 
features in gamma-ray burst spectra 
observed by Mazets and his colleagues are 
therefore consistent with cyclotron 
processes in the strong magnetic fields 
expected to exist near the surface of a 
neutron star. 

In addition to the ‘cyclotron’ emission 
and absorption features, Mazets and co- 
workers, as well as a group at Goddard 
Space Flight Center in the US, have seen in 
a smaller group of events (about 6) a broad 
emission line in the 400-450 keV range. 
When a positron and electron encounter 
each other and annihilate, they give off a 
characteristic emission at 511 keV known 
as annihilation radiation. Any such 
radiation originating near the surface of a 
neutron star will lose energy as it escapes 
from this intense gravitational field. This 
energy change is known as a ‘gravitational 
redshift’. Present models predict that the 
magnitude of this shift will be 15~20% for 
a neutron star whose mass is the same as the 
Sun. Any $11 keV annihilation radiation 
produced near a neutron star surface 
would, therefore, emerge from the star’s 
gravitational field with an energy in the 
400-450 keV range. 

It should be emphasized that these 
results are very recent and that the 
interpretations discussed here are not 
necessarily unique. These Soviet results, 
however, seem to point very strongly 
towards a neutron star origin for cosmic 


gammy-ray bursts. C] 
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from J.R. Saunders 


THE way in which plasmids confer patho- 
genicity characteristics on host bacteria is 
of considerable concern in both developed 
and developing countries, and provided the 
central theme at a recent conference* in the 
Dominican Republic. Various aspects of 
plasmid biology were covered, ranging 
from the mechanisms of genetic trans- 
position and plasmid replication to the epi- 
demiology of antibiotic-resistant bacteria 
in human and animal populations. 
Plasmids probably determine only a 
small proportion of all bacterial virulence 
traits. However, they may provide 
sufficient additional genetic information 
to convert relatively innocuous organisms 
into pathogens. This is particularly true of 
enteropathogenic strains of Escherichia 
coli, the prime cause of travellers’ 
diarrhoea and other economically 
important diseases of humans and 
domesticated animals. The distressing 
symptoms of these conditions are largely 
produced by one or more plasmid-specified 
enterotoxins, which include a single type of 
heat-labile toxin (LT) and probably at least 
two distinct heat-stable toxins (ST). S. 
Falkow (Stanford) reported a striking 
similarity between the gene for LT and that 
for the cholera toxin, despite the fact that 
the former is always plasmid-borne in 
E.coli and the latter chromosomally 
determined in Vibrio cholerae. The differ- 
ence in disease patterns, apparently 
specified by the same virulence 
determinant, may reflect the different 
methods by which the two causative agents 
actually deliver the toxin to their human 
hosts. This emphasizes how heavily the 
expression of pathogenicity determinants 
depends on the genetic and physiological 
infrastructure into which they become 
inserted. It is interesting in this context that 
certain characteristics, such as particular 
chromosomally determined somatic (O) 
antigen types, are found habitually among 
enterotoxigenic strains of E.coli. 
Haemolytic strains of E.coli can 
frequently be isolated from infected body 
fluids. However, the exact. role of 
haemolysins in the pathogenicity of these 
bacteria is not clear. In E.coli, 
a-haemolysins are determined either by the 
chromosome or by Hly plasmids. Such 
plasmids isolated from different strains 
have been shown by W. Goebel 
(Wurzburg) to share a common haemo- 
lysin determinant. This consists of three 
cistrons, cisB (1,500 base pairs) 
determining a protein located in the outer 
membrane and probably responsible for 
the transport of haemolysin, cisA (2,500 
base pairs) encoding a precursor of 
a-haemolysin, and cisC (about 500 base 


pairs) which is apparently required for the 


-*On the ‘Molecular Biology, Pathogenicity and Ecology of 
Bacterial Plasmids’ (organized by S.B, Levy, R.C. Clowes and 
E. Koenig), held from January Sth to 9th, 1981 in Santo 
Domingo, Dominican Republic, 


Plasmids and bacterial pathogens 


conversion of the cisA product to active 
a-haemolysin. Despite the wide 


distribution of the Hly determinant it does. 


not seem to constitute part of a transposon 
(see De La Cruz et al. J. Bact. 143, 825; 
1980). This contrasts with one of the ST 
genes whch is known to be transposable (So 
et al. Nature 277, 453; 1979). 

The ability of enteric bacteria to adhere 
to the gut wall is a primary requirement for 
their pathogenicity. The best studied of 
such plasmid-mediated determinants are 
those for the filamentous surface protein 
antigens K88 and K99, which enable 
enteropathogenic E.coli to adhere to the 
mucosa of the small intestine of pigs and 
calves respectively. Similar pilus-like 
structures, termed colonization factors 
(CFAI and II), are plasmid-encoded in 
human enteropathogenic E.coli. Two 
groups (J. van Embden, Bilthoven and G. 
Dougan, Dublin) reported the cloning and 
genetic analysis of the K88 and K99 
antigens. Dougan has found that at least 
four genes, organized into two operons, 
are involved in the expression of the K88 
antigen in E.coli minicells. Operon | 
comprises three genes transcribed from 
adhA (encoding a protein of molecular 
weight 70,000 which may be the basal 
structure for membrane attachment of the 
antigen) through adhB (29,000-MW 
protein) to adhC (17,000-MW protein). 
adhC may encode a positive regulator for 
operon II containing a single gene 
adhD determining the 23,000-MW subunit 
of the K8& antigen itself. 

In addition to adhering to the intestine, 
some enteric pathogens are able to invade 
the gut tissues. D. Kopecko (Washington) 
described plasmids of about 120 mega- 
daltons in Shigella sonnei. Loss of these 
plasmids results in transition of host strains 
from the virulent, smooth colonial form I 
to a virulent, rough colonial form II. Such 
plasmids apparently determine the syn- 
thesis of the form I somatic (O) antigen 
required for invasion of colonic 
epithelium. 

The potential of bacteria as invasive 
pathogens is obviously enhanced by their 
ability to withstand the antibacterial 
properties of serum. A number of un- 
related antibiotic-resistance plasmids and 
temperate bacteriophages, such as A, 
confer on host bacteria resistance to com- 
plement (activated by either classical or 
alternative pathways). K. Timmis (Berlin) 
showed that serum resistance conferred by 
the conjugative plasmid R6-5 is determined 
by the product of the traT gene. This is a 
25,000-MW protein responsible for the 
surface exclusion (prevention of conjuga- 
tive mating with related donors) and 
present as 20,000 copies in the outer 
membrane of E.coli carrying R6-5. M. 
Binns (St Louis) has demonstrated that the 
traT product of another conjugative 
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plasmid, R100, impairs the formation of 
the terminal complement complex. 
Furthermore, tra7-containing cells remain 
resistant to complement even if they have 
been pretreated with antibodies to traT. 
This suggests that the traT protein does not 
actively protect bacteria against serum but 
has a passive effect, possibly involving 
subtle alteration of the architecture of the 
cell envelope. In addition, studies by 
Timmis of mutants in the traT gene 
indicate that the serum-resistance and 
surface-exclusion properties of traT 
protein may be distinct. Whatever the 
mechanisms involved, serum-resistance 
determinants, such as tra7, may provide a 
selective advantage leading to the 
maintenance of conjugative resistance 
plasmids in pathogenic bacteria. 

An important prerequisite for invasive 
pathogens is the ability to proliferate in the 
low free-iron conditions prevailing in 
animal tissues. A significant proportion of 
E.coli strains causing bacteraemia in 
humans or animals are found to carry 
ColV plasmids. In addition to encoding 
colicin V production and serum resistance, 
such plasmids specify accessory iron- 
sequestering mechanisms. P. Williams 
(Leicester) has shown that they determine 
an extracellular iron-chelating compound 
of low molecular weight which competes 
successfully with transferrin for iron in 
vivo. In addition, they specify, together 
with chromosomally determined 
components, an active iron uptake system. 
The possession of these extra mechanisms 
for acquiring free iron is thus sufficient to 
allow growth of E.coli in the tissues of 
infected animals. 

Knowledge gained from E.coli should 
facilitate the analysis of more complex, 
chromosomally determined pathogenic 
mechanisms in less tractable organisms. 
And cloning of virulence determinants 
provides the promise of effective vaccines 
against enteric and other infections. = 
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100 years ago 
PHYSICAL NOTES 


M. Plantamour continues to study with his 
sensitive levels the phenomena of periodic rise 
and fall of the ground which he has observed in 
Switzerland. He believes he has established a 
connection between these periods and those of 
the changes of temperature of the earth’s 
surface, there being an annual change of level 
in an east-west direction corresponding with 
the mean temperatures of the surface during 
the year. 


From Nature 23, 31 March, 517, 1881. 
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Superluminal radio sources 


from Guy Pooley 


THERE was some understandable disbelief 

when it was reported about 10 years ago 
-that some radio sources appeared to 
expand at velocities greater than that of 
light. Astronomers, though, are used to the 
- impossible and since then there have been 
advances in both theory and observations. 
The article by Pearson et al. of the Cal Tech 
radio astronomy group (see this issue of 
Nature, p.365) describes observations of 
one particular quasar, 3C273, made with 
the US very long baseline interferometry 
(VLBI). network. They have applied the 
techniques of map-making developed by 
Readhead and Wilkinson at Cal Tech using 
so-called ‘closure phase’ measurements. 

These observations all require the 
highest: possible angular resolution — |I 
milli-arcsecond or better — that at present 
can only be achieved by radio astronomers 
using transcontinental or inter-continental 
baselines. With these systems, it is not yet 
possible to measure absolute phase differ- 
ences between signals arriving at the 
different stations; uncertainties in the 
clocks, geometry of the Earth, atmospheric 
paths and so on are too large. But if more 
than two receiving stations are available, 
there is some redundancy in the phase 
_ information, and the more stations in use 
the greater are the constraints that this 
- places on the data. Pearson etal. used four, 
sometimes five stations and therefore six or 
ten baselines. Earlier long-baseline 
observers had to be content with fringe 
amplitude information only, and this was 
used to constrain models for the dis- 
tribution of the radio sources on the sky; 
but it could not, for example, be used to 
distinguish between models which differed 
by a rotation of 180°. 

The high apparent transverse velocities 
have been detected in several radio sources: 
quasars like 3C273, 3C279 and 3C345, and 
a galaxy, 3C120. These sources have been 
studied by VLBI techniques, until now 
without the use of closure phase. The 
results were perhaps most convincing in the 
case of 3C345, which could be modelled 
well by a TRP double source and showed 
v. ĉ; 


apparent ~ 


3C273 is a source of some complexity. 


On the large scale, it has coincident radio 
and optical ‘jets’ some 20 seconds of arc (80 
kiloparsecs) long. This jet is of course not 
detected in the long-baseline study, which 
shows the expanding feature some 0.01 
seconds from the (presumed) central 
object. This feature is apparently moving 
with a transverse velocity of about 10c, 
rather more than had been estimated from 
the phaseless observations. The 
oreintations of the large- and small-scale 
structures differ by about 20°. 

One thing that cannot be done with 
closure phase is to find the absolute 
position of the source. It is therefore not 
yet possible to say with certainty which 
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features in the maps are ‘stationary’. 

The theoretical problems are not entirely 
new; Nova Persei (1901) gave similar diffi- 
culties, which were explained in terms of 
simultaneous excitation of separated 
clouds by a shock-front. Blandford, 
McKee and Rees reviewed the possibilities 
for the expansion of extragalactic radio 
sources (Nature 267, 211; 1977). The range 
of possibilities is large. There are the 
‘acausal’ models such as the ‘Christmas 
tree’ version involving independent sources 
whose unrelated eruptions mimic 
expansion and there are models depending 
on the variation of propagation conditions 
either close to the source or in the inter- 
vening space (gravitational lenses, or 
scintillation in some intervening medium 
of galaxy). Neither of these general types 
seems to explain naturally the common 
features, particularly the fact that the 
sources always seem to expand. 

The most popular models involve 
ejection of matter in some form of 
relativistic jet; there are several variants in 
which this can lead to high apparent trans- 
verse velocities. One particular attraction 
lies in the fact that the brightness tem- 
peratures of some compact radio sources, 
as implied by their rapid variations and 
inferred small sizes, are already uncom- 
fortably high for the incoherent synchro- 
tron process; a relativistic expansion eases 
this problem. 


Scheuer and Readhead (Nature 277, 182; 
1979) have developed one attractive 
version of this model. In it, they postulate 
that radio emitting objects are emitted 
repeatedly along one axis from the central 
object. Most of the light comes from the 
central, stationary object. The relativistic y 
for the approaching component must 
range up to around 10, and any receding 
components would be practically undetec- 
table. In their model, it is those quasars or 
galaxies whose axes are aligned almost 
along the line of sight for which dramatic 
effects are observed; those which are notso 
aligned are radio quiet, or at least radio 
dim, and may form central components of 
‘classical’ double sources. 

Pearson et al. make the point that the 
Scheuer~Readhead model is in some 
danger because of the dearth of radio-quiet 
quasars of comparable magnitude to that 
of 3C273; this is one of the questions for 
which careful statistics need assembling, 
and this can be done only by systematic 
mapping of expanding sources of this type. 
Further questions can now be asked; is the © 
expansion uniform? When the size 
doubles, it might be surprising if the speed 
does remain constant. What are the 
statistics of a complete sample of quasars? 
Are the detailed structures consistent with 
the expanding jet models? The evidence is 
that rapid expansion is a very common 
feature among compact radio sources. © , 
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DNA methylation and 
control of gene expression 


Jrom Tomas Lindahl 


ABOUT 3% of cytosine residues in 
mammalian DNA are present as 
5-methylcytosine, methylation of cytosine 
usually occurring soon after DNA 
synthesis. The existence of such signal 
groups has often stimulated speculation, 
but hard facts on their role have been 
scarce. However, recent experiments 
suggest a role for DNA methylation in 
regulating or blocking transcription of 
DNA. Such data further indicate that 
specific demethylation events may be 
necessary for gene expression during 
development and differentiation. A 
meeting on the subject was recently held at 
the University of Cologne* and one point 
that emerged was that an understanding of 
the role of DNA methylation in 
mammalian cells is unlikely to be obtained 
from studies on lower organisms and other 
model systems. 

The relationship between DNA 
methylation and ribosomal gene function 
in several different organisms was reviewed 
*A meeting on ‘DNA Methylation and Genome Organization’ 


{4-7 March, 1981} was organized by the Insutute of Genetics, 
University of Cologne, 


by A. Bird (MRC Mammalian Genome 
Unit, Edinburgh). Mouse cells carry about 
100 ribosomal RNA genes per cell, 
occurring in two forms, unmethylated and 
heavily methylated. In various inbred 
mouse strains, between 5 and 30% of the 
sequences are methylated. Only the un- 
methylated ribosomal genes in mouse liver 
appear to be expressed, and the data point 
to an inverse correlation between DNA 
methylation and transcription. However, 
in Xenopus laevis all the chromosomal 
ribosomal DNA is heavily methylated, and 
this vertebrate clearly transcribes 
methylated sequences, although trans- 
scription may depend on the presence of an 
undermethylated region within the non- 
transcribed spacer between the ribosomal 
DNA genes. In contrast, Drosophila cells 
contain virtually undetectable amounts of 
5-methylcytosine, so this organism is not 
likely to utilize DNA methylation for 
control of gene activity. 

Many plant cells contain exceptionally 
high concentrations (up to 25%) of 
§-methylcytosine in their DNA, and trans- 
cription of such methylated DNA does take 
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place (B. Deumling, Heidelberg). The 
reason for the heavy DNA methylation in 
plants remains unknown, but replace- 
ment of cytosine with a more radiation- 
resistant derivative could provide the cells 
with an increased tolerance to sunlight. 

In animal cells, methylated cytosines are 
often present in relatively large amounts in 
non-transcribed satellite sequences, and 
fluctuation of the number of such regions 
in different cell types has often obscured 
more interesting variations in DNA 
methylation. This problem has been cir- 
cumvented by examining the methylation 
of specific DNA sites within individual 
genes using restriction enzyme analysis and 
cloned DNA fragments as probes. Some of 
the most interesting recent data have come 
from work with DNA tumour viruses. L. 
Vardimon and W. Doerfler (Institute of 
Genetics, University of Cologne) showed 
for three different adenovirus type 2 
transformed hamster cell lines, which con- 
tained the entire gene for the virus-coded 
72K DNA binding protein, that the mRNA 
for the protein (as well as the protein itself) 
was present in only one of the cell lines. In 
the latter, the integrated viral DNA was un- 
methylated, as judged by its sensitivity to 
the Hpall restriction endonuclease, while 
the corresponding DNA sites in the two 
other cell lines were methylated. Similar 
results were obtained with a cloned viral 
DNA fragment methylated in vitro at a few 
cytosine residues. Furthermore, in vitro 
transcription studies (performed together 
with J. Corden, Strasbourg) indicated that 
the initiation of transcription of the gene 
for the 72K protein was severely inhibited 
by methylation of the DNA. 

An oncogenic herpesvirus, Herpes 
saimiri, is similar to the adenoviruses in 
that the DNA in virus particles is com- 
pletely unmethylated, while the largely 
non-expressed viral DNA present in virus- 
induced tumours or in transformed cell 
lines is heavily methylated (B. Fleckenstein 
and C. Kaschka-Dierich, Erlangen and 
R.C. Desrosiers, New England and 
Primate Research Center). As with the 
similar human lymphotropic herpesvirus, 
Epstein-Barr virus, the viral DNA itn 
H.saimiri transformed cells is largely 
carried as multiple copies of nonintegrated 
plasmid DNA; S-adenosylhomocysteine 
treatment (which inhibits DNA methy- 
lation) markedly decreased the amount of 
viral DNA carried per cell. 

As might be expected, there are 
exceptions to the rules. SV40 DNA from 
virions is apparently completely un- 
methylated. Microinjection experiments 
with SV40 DNA methylated in vitro with a 
highly purified rat liver methylase (which 
acted on all CpG sequences as well as 
several other C residues so that 2.5% of the 
cytosines were converted to 5-methylcyto- 
sine) seemed at variance with some of the 
data obtained for other tumour viruses (D. 
Simon and A. Graessmann, Berlin). On 
microinjection of 2 to 4 viral DNA mole- 
cules per host cell, there was apparently no 
0028-0836/8 E/140364-01 $01.00 


active demethylation of the SV40 DNA, 
but nevertheless, the methylated DNA 
induced SV40 determined antigens as 
effectively as nonmethylated DNA. 
Similar data were obtained with both per- 
missive and nonpermissive host cells, so 
these experiments appear to suggest a 
difference in the sensitivity to DNA 
methylation between SV40 and larger 
DNA tumour viruses. The problems with 
this approach are that the incoming 
methylated DNA may have been replicated 
into nonmethylated daughter molecules, 
or the methylated DNA preparation may 
have contained a minority of unmethylated 
molecules which were transcribed. 

An elegant system for the investigation 
of the effect of DNA methylation is pro- 
vided by studying transformation of 
thymidine kinase deficient cells using 
cloned thymidine kinase genes. M. Wigler 
(Cold Spring Harbor Laboratory) used 
genes from Herpes simplex type | and from 
chicken, and compared the biological 
activity of unmethylated DNA and DNA 
methylated in vitro with Hpall methylase. 
The methylated genes showed distinctly 
lower transformation efficiency than the 
unmethylated controls, although the two 
kinds of molecules had the same frequency 
of incorpcration. Methylation either in the 
promoter region or in the structural gene 
caused equal inhibition compared to 
unmethylated controls, so specific 
methylation of the promoter region did not 
seem to be of unique importance. 

In the above experiments, the 
methylated cytosine residues of the 
incoming DNA, which were present in 
CpG sequences, appeared to serve as their 
own genetic determinants and were largely 
preserved for many generations. It seems 
clear that mammalian cells contain a main- 
tenance methylase to retain the general 
methylation pattern of DNA. Similar data 
were presented by H. Cedar (Hebrew 
University, Jerusalem), who replaced 
dCTP with $-methyl-dCTP in in vitro 
replication to obtain a very highly 
methylated DNA molecule. So far, only 
model experiments had been performed 
with the replicative form of #174 DNA, 
containing one strand with all cytosines 
replaced by 5-methylcytosine. After intro- 
duction into hamster cells, where the DNA 
integrated at low efficiency, methylated 
sites at all CpG sequences seemed to be 
preserved while other 5-methylcytosines 
were replaced by unmodified cytosine on 
replication. This indicates that the main- 
tenance methylase requires the CpG 
sequences for activity. However, the slow 
progress made in the characterization of 
mammalian DNA methylase(s) makes such 
observations seem somewhat preliminary. 

Detailed restriction enzyme analysis of 
methylation sites within the human globin 
gene clusters (R.A. Flavell, National 
Institute for Medical Research, London) 
shows that many methylated residues per- 
sist also in genes that are being expressed, 
but globin DNA that is transcribed is 


undermethylated compared to that present 
in sperm. These observations again seem in 
accord with the general idea that DNA 
methylation may play a role in controlling 
and preventing transcription. One way of 
overcoming inherent problems that arise 
from using DNA cloned in Escherichia coli 
in biological assays such as in vitro trans- 
cription is to use DNA heavily methylated 
in vitro, on the assumption that it is easier 
for a cell to specifically demethylate DNA 
than to methylate it, in analogy with the 
demethylation that apparently occurs with 
germ-line globin DNA on activation. It is 
not known how this demethylation is 
achieved, although several models are 
possible. For example, DNA may be reph- 
cated in a cellular compartment in which 
methylation at some sites does not occur, 
or specific DNA binding proteins may 
prevent the methylation at certain loci 
during replication. Alternatively, some 
S-methylcytosine could be actively 
replaced by unmodified cytosine in the 
same way as misincorporated uracil residues 
are efficiently removed from DNA. 

The role of DNA methylation in simpler 
organisms than mammalian cells is also 
being studied. In an important advance, R. 
Sager (Sidney Farber Cancer Institute, 
Boston) has shown that the maternal 
inheritance of chloroplast genes in 
Chlamydomonas results from the 
methylation of chloroplast DNA in female 
(but not in male) gametes, leading to the 
preferential degradation of the chloroplast 
DNA of male origin in zygotes, In cells 
carrying a mat-} mutation, the male 
chloroplast DNA also becomes 
methylated, and consequently the inheri- 
tance pattern is converted from maternal to 
biparental. M. Meselson (Harvard 
University) discussed the role of DNA 
adenine methylation for the direction of 
mismatch repair of phage A heteroduplex 
molecules. Some, but not all, of various — 
constructed mismatches having one strand 
methylated in vitro with a DNA methylase 
and the other strand unmethylated were 
susceptible to repair. While DNA sequence 
data on the regions around the mismatched 
residues are not yet available, it seems clear 
that the mismatches that are being repaired 
have to be present in a heteroduplex struc- 
ture in which only one strand of the DNA is 
methylated, and that repair then occurs 
selectively in the unmethylated strand. 
Thus, neither fully methylated DNA nor 
unmethylated DNA is susceptible to mis- 
match repair, and it presumably only takes 
place in newly replicated DNA with the 
parental strand methylated. While 
mammalian cells probably also have the 
ability to perform mismatch repair, they do 
not seem to contain 6-methyladenine in 
their DNA, so it is an open question 
whether DNA methylation can guide mis- 
match repair events in higher organisms. (7 
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Superluminal expansion of quasar 3C273 
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Maps of the radio structure of 3C273 show directly that itexpanded with an apparent velocity 10 times the speed of light from 


mid-1977 to at least mid-1980. 





THE. radioastronomical technique of very long baseline inter- 
ferometry (VLBI) achieves an angular resolution better than 
l| marcs, equivalent to a physical resolution of the order of 
light-years in even the most distant galaxies and quasars. At this 
resolution, changes in the structures of such objects can be easily 
detected. In four extreme cases, three quasars (3C273, 3C279 
and 3C345) and one galaxy (3C120) have been seen to expand 
with an apparent speed more than twice the speed of light, c 
(ref. 1). The evidence for such ‘superluminal’ expansion has 
been based on rather limited data, and the interpretation has 
been uncertain; but the recent development of the VLBI tech- 
nique of hybrid mapping’ allows us to map the radio brightness 
distribution to show the expansion directly and unambiguously. 





Table 1 Observations 


Flux 
Frequency? densityt 

Epoch Antennas* (MHz) (Jy) 
1977.56 KGFO 10,651 40.9 
1978.24 KGFO 10,651 44.5 
1978.92 KGFO 10,651 34.9 
1979.44 BKGFO 10,651 30.7 
1980.27 BKG O 10,651 27.0 
1980.52 BKGFO 10,651 27.8 
1977.92 GFOH §,011 46.2 
1978.51 GFOH 5,011 45.6 
1979.25 B G OH 4,997 40.0 
1979.92 BKGFO 5,009 36.0 





*B, 100-m, Max-Planck-Institut für Radioastronomie, Effelsberg, 
FRG; K, 36-m, Haystack Observatory, Massachusetts; G, 43-m, 
National Radio Astronomy Observatory, Green Bank, West Virginia; 
F, 26-m, Harvard Radio Astronomy Station, Fort Davis, Texas; O, 
40-m, Owens Valley Radio Observatory, Big Pine, California; H, 26-m, 
Hat Creek Radio Astronomy Observatory, Cassel, California. 

* The centre frequency of the 2-MHz band. 

ł Measured during the observation; typical uncertainty 0.5 Jy. 

The 10.65-GHz observations were made in left-circularly polarized 
radiation, and the $.0-GHz observations were made in linearly 
polarized radiation with the E-vector in PA 90°. 


This article presents maps of the quasar 3C273 which show that 
it was expanding with an apparent velocity v = (9.6+0.8)c 
between 1977.5 and 1980.5. (We assume Ho = 55 km s`’ Mpc”! 
and gẹ = 0.05 throughout.) 

» 30273 is a 13-mag quasar with a redshift of 0.158 (ref. 3). An 
optical jet extends from a distance of ~10 arcs to ~25 arcs 
from the quasar in position angle (PA) ~137° (ref. 4). The 
projected length of the jet is 84 kpc. The radio emission comes 
principally from two locations: a compact component (3C273B) 
coincident with the quasar, and a more diffuse component 


* Present address: National Radio Astronomy Observatory, Edgemont 
Road, Charlottesville, Virginia 22901, USA. 
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(3C273A) near the end of the jet*”’. The compact component 
3C273B consists of a flat-spectrum core with a steeper-spectrum 
extension in PA —117° (ref. 8). This direction is approximately 
that of the superluminal expansion, As the angular scale is 
increased, the predominant position angle rotates until it is more 
closely aligned with the optical jet?. Recent observations of 
3C273 in all wavebands have been reviewed by Ulrich"’, 

3C273B was one of the first sources to be studied with 
VLBI? and has been the subject of many subsequent obser- 
vations. Changes in the visibility function were first observed in 
1971'*"*, Although these observations were confined to a single 
baseline, it was immediately clear that the changes could be 
explained by a simple expansion. The data permitted other 
explanations, however, including models in which the centres of 
emission remained fixed while varying in intensity. With more 
complete visibility data’’'*, it became clear that the structure 
was more complex than a simple linear model of two or three 
components, and that the overall extent of the brightness dis- 
tribution continued to increase. To avoid some of the ambigui- 
ties inherent in model-fitting, Cohen et al.' examined the visi- 
bility function measured between 1970 and 1977, and found 
that the first minimum (that at shortest projected baseline) in the 
visibility amplitude moved steadily towards smaller baselines, 
indicating a steady increase in the size of the source. They took 
as a measure of the angular size the quantity 6*, defined as. 
i/(2w), where w is the projected baseline (in wavelengths) at 
the first minimum. If the source were a simple double, 6* would 
be the separation of the two components. A later analysis’® of all 
the data available up to 1977.41 showed that the time-depen- 
dence of 6* approximated a straight line with a slope of 0.41+ 
0.04 marcs yr’, corresponding to an apparent linear expan- 
sion rate of v/c = 5.2+0.5. This steady increase in 6* (Fig, 16 of 
ref. 19) has provided the strongest evidence for superluminal 
expansion in 3C273. We know that 3C273 was not accurately 
represented by a simple double model during the period 
spanned by these observations, so @* was not a true measure of 
its angular size. We should not be surprised therefore that the 
maps presented here show that the true expansion speed differs 
from that inferred from the measurements of @*. 


Maps 

Since 1977 we have been monitoring 3C273 at two frequencies, 
10.65 GHz and 5.0 GHz, using four or five antennas. The new 
observations are better than the old for several reasons: (1) we 
have used more antennas, sampling the visibility function at 
more spatial frequencies; (2) we have when possible included an 
antenna in Europe in addition to American antennas, thereby 
improving the resolution; (3) we have measured closure phase”? 
in addition to visibility amplitude. These improvements enable 
us to make hybrid maps of the brightness distribution”. The 
increase in the quantity of data has eliminated the ambiguities of 
model-fitting. The first maps at these two frequencies have 
already been published**', and we have now observed a total of 
six epochs at 10.65 GHz and four epochs at 5.0 GHz (Table 1). 
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Fig.1 Maps of 3C273B at 10.65 GHz at five epochs (see Table 1). 
The same restoring beam (an elliptical gaussian with FWHM 
4.2 x 1.2 marc s, with the major axis in PA —15°, indicated by the 
hatched ellipse) is used for all the maps. The dynamic range of the 
maps is about 20: 1. The contour levels for all the maps are 1.2, 2.4, 
3.6, 5, 7,9, 12, 15, 20, 25, 30 and 35 x 10° K. The absolute position 
of the source cannot be accurately determined from the data; here 
the maps have been lined up on the sharp eastern edge to shcw the 
motion of the weaker western component. The map for epoch 
1977.56 is from ref, 8, which gives more details of the map-making 
procedure. 
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Full details of these observations will be published elsewhere; 
here we describe only the 10.65-GHz maps and the super-, 
luminal expansion that they reveal. | 

Figure 1 shows maps made from five of the six 10.65-GHz 
observations. It was not possible to make a reliable map from the 
observation of 1980.27 owing to a failure at one of the antennas. 
The beam (hatched ellipse in Fig. 1) is very elongated because 
3C273 is close to the celestial equator, where the presently 
available network of antennas has very poor north-south 
resolution. Fortunately the principal extension of the source is 
close to the direction of maximum resolution. Two of the 
experiments included an antenna in Europe as well as those in 
America (see Table 1). For these, the east-west resolution was 
improved by a factor of two, To make the maps directly 
comparable, however, the restoring beam appropriate to the 
lowest-resolution observations was used for all the maps. 

The five maps in Fig. 1 span a period of 3 yr. All the maps 
show a bright eastern peak and a lower-brightness extension to 
the west. In all cases there is a local maximum in the western 
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Fig.2 Brightness-temperature profiles through the maps of Fig. 1 
along the principal axis of the source (PA ~116°). The profiles have 
been truncated to show the evolution of the weak western 
component, and they have been aligned at the half-power point on 
the eastern edge, labelled 0 on the abscissa. The vertical displace- 
ment between the profiles is proportional to the difference in 
epoch. The profile of the restoring beam (FWHM 1.42 marc s) is 
indicated. 


extension between 6 and 8 marc s from the main peak. The most 
striking difference between the maps is the steady increase in the 
separation of this local maximum from the main peak. The 
position angle defined by the main peak and the secondary 
maximum has not changed significantly; in all the maps it is 
—116°+ 2°. The maps also show that the source is not straight 
but curves to the south with increasing separation from the main 
peak. This phenomenon has been noted previously*””’. 


Expansion velocity 


The profiles in Fig. 2 show that the separation of the western 
maximum from the main peak increased from ~6 marcs to 
~8 marcs between 1977.5 and 1980.5. The time-dependence 
of the separation, 0, is shown in Fig. 3. In addition to the 
10.65-GHz points, one 5-GHz measurement is included to show 
that the size of the source is the same at both frequencies. (The 
other 5-GHz observations do not have sufficient resolution to be 
directly comparable, but they are consistent with this 
conclusion.) @ was determined by measuring the separation of 
the peak of the western maximum from the half-power point in 
the sharp eastern edge, and then subtracting half the FWHM of 
the restoring beam (0.71 marc s) to correct for resolution. This 
measure is less affected by changes in the internal structure of 
the eastern component than a separation measured to the peak 
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of the eastern component., In all cases the measurement was 
made along a line with PA —116°. 

The values of @ all fall remarkably close to a straight line in 
Fig. 3, indicating that the expansion is linear, with no evidence 
for acceleration or deceleration. The angular expansion rate, 
derived by a least-squares fit of a straight line (omitting the 
5.0-GHz point), is 0.76+ 0.04 marc s yr’, corresponding to a 
linear expansion rate of v/c=9.6+0.5. The extrapolated 
intercept @ = 0 is at 1970.1+ 0.6. If the expansion speed has not 
changed, one might expect to see an increase in total flux density 
at this epoch, corresponding to the formation of the new 
component. No such increase was seen”. The flux density of 
3C273 has irregular variations with a time scale of one or two 
years, but it is not possible to correlate changes in the flux 
density with structural changes. 

6 is larger than the values of 9* extrapolated from the older 
data, but this is due to the difference in measuring technique. 6*, 
being determined directly from the visibility function, is not 
related in a simple way to the brightness distribution except 
when the source is a simple double. If the expansion were 
conformal (if the brightness distribution retained the same shape 
but simply increased in scale), @ would differ from @* by a 
constant factor, but the real behaviour is more complicated. 


Acceleration? 


The angular size of 3C273B derived by extrapolating the 
expansion rate shown in Fig. 3 back to the early 1970s is smaller 
than the size then observed. This implies that either the expan- 
sion speed has increased, or the expansion has not been con- 
formal. It is possible to devise non-conformal models that can 
explain the qualitative features of the observations without 
requiring an acceleration. In triple models, unlike doubles, the 
positions of the minima depend not only on the separations of 
the components but also on their relative intensities. One such 
model involves one fixed component and two components both 
moving with the same velocity. Suppose that at the earlier 
epochs (1970-75) the source consisted of three principal 
compact components: a core C at the eastern end, with flux 
density Sc, and two components A and B moving away from the 
core at 10c in PA —116°, with flux densities S, and Sp. Let A be 
the more distant component. When the separation of A from C 
is much greater than the separation of B from C, the first 
visibility minimum measures the distance between A and the 
centroid of B and C. The expansion rate derived from §* is then 
10cS¢/(Sg+Sc). This rate was 5.6c (ref. 19), implying that 
Sa = Sc in 1970-75. Component A has since decayed below the 
level of detectability, and the new maps measure the separation 
of B from C which is increasing at 10c. Of course, this model is an 
oversimplification, as the maps show additional components 
lying between B and C. 

It is not possible to eliminate models involving acceleration, 
but a constant-velocity model seems to be favoured by the 
constancy of the expansion rate shown by the maps of Fig. 1. If 
the constant-velocity model is correct, we would expect further 
components to appear in maps made during the next few years. 


Relativistic jet 

Although several explanations have been suggested for super- 
luminal expansion’”** we shall discuss only the model? in which 
the expansion is presumed to represent a physical motion almost 
directly towards the observer; we are looking down a jet of 
relativistic material expelled from the quasar. The eastern end of 
3C273B is the ‘core’, the point at which the jet becomes 
optically thick. In a steady flow, this point remains fixed even 
though the radiating material has a high velocity. The moving 
(western) component is a ‘knot’ propagating outwards along the 
jet. At large distances, the jet becomes visible as the optical jet, 
and the region of impact on the external medium is represented 
by the radio source 3C273A. This model accounts for (1) the 
milli-arcsecond morphology of 3C273B; (2) the fact that the 
expansion is roughly along the source axis; and (3) the approx- 
imate alignment between the axis of 3C273B and the optical jet. 
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Fig.3 Angular size of 3C273 as a function of time, measured as 

described in the text. Five 10.65-GHz measurements (@)} and one 

5.0-GHz measurement from 1979.92 (O) are shown. The dashed 

line at the bottom is an extrapolation of the expansion rate derived 

from observations of @* before 1977 (ref. 19). The solid line is a 

least-squares fit to the 10.65-GHz measurements, and has a slope 
of 0.76 marcs yr. 


(The difference of 20° between the radio axis and the optical axis 
is attributed to curvature in the jet.) If the constant-velocity 
interpretation of the older data is correct, then at least two knots 
have been ejected from the core in a period of ~10 yr. 
Alternatively, an accelerating expansion can be accommodated 
in this model: it could be due to real acceleration in the flow 
along the jet or to a curvature of the jet. 

To account for an apparent transverse velocity v as large as 
9.6c, the angle @ between the jet and the line of sight must be 
small. The apparent velocity v is related to @ and to vo, the space 
velocity of the moving feature, by 


v = vo sin @/{1—(ve/c) cos d} 


(ref. 26). If v =9.6c, this equation requires that ¢6<11.9° 
(cos @ > (v*—c*)/(v? +c*)) if vo<c, and vo is minimized when 
$ = 6.0°. The probability that @ should be as small as 11.9° in a 
randomly selected quasar is 1%, or 2% if the jet is two-sided. 

3C273 is far from being a randomly chosen quasar: it is the 
closest quasar in the 3CR sample?” and has an intrinsic optical 
intensity ~4 times the intensity of the other quasars in the 
sample. It is surprising that it should also be exceptional in 
having a jet pointing almost directly at Earth. A possible 
explanation is that the optical radiation, like the radio, is not 
isotropic. There is no direct evidence for this, but beaming of the 
optical continuum cannot be ruled out. If the optical radiation is 
isotropic, then the small angle between the radio jet and the line 
of sight causes grave difficulties for the simple relativistic 
theories. For example, Scheuer and Readhead™ attribute the 
difference in radio intensity between optically selected and 
radio-selected quasars to the relativistic beaming of the radio 
radiation—radio-selected quasars point towards Earth. We 
would expect on this model to see 50-100 radio-quiet quasars of 
comparable optical magnitude to 3C273, which we do not, It 
may be necessary to consider other models in which the radio 
radiation is not confined to so small an angle; one such model has 
been suggested by Rees”. 


Conclusion 


The maps presented in Fig. 1 provide the first direct and 
unambiguous evidence of superluminal expansion in any radio 
source. For the period of 3 yr spanned by the observations the 
superluminal expansion could be attributed to the movement of 
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a single knot away from the nucleus along the jet. The apparent 
constant velocity of 9.6c observed in this period is an important 


constraint on theories of apparent superluminal expansion. 


Further observations of both 3C273 and other superluminal 
sources are needed to show whether the expansion is always at a 
constant velocity; the present results show that such analyses 
must be based on maps, rather than on the motion of features in 
the visibility function. — 

The observations described here were made under the 
auspices of the United States VLBI Network Users Group. We 
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Human immunoglobulin « light-chain genes are 
deleted or rearranged in A-producing B cells 
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We have examined 10 human À light-chain-producing B lymphocytes and found that genes for the x constant region have 
been deleted in each. Only one of the 20 possible « alleles in these cells has been retained and even this exception is 
rearranged. In contrast, A constant region genes remain in the germ-line configuration in each of the eight « light-chain- 
producing human B lymphocytes examined. Such observations suggest a hierarchy of light-chain-gene rearrangement 


beginning with x and proceeding to À. 





A NUMBER of choices are involved in the differentiation of an 
antibody-producing lymphocyte. For example, usually only one 
light-chain gene is functionally expressed in a given cell, the 
choice having been made between the two light-chain classes (x 
or à) and their respective alleles’. In addition, after commitment 
to the expression of a particular light-chain, the phenotypically 
excluded class and allele apparently remain silent throughout 
the functional life of the lymphocyte. These phenomena are 
called isotypic (x versus A) and allelic (one x allele versus the 
other) exclusion. Whether they are tightly programmed or 
stochastic remains an extremely interesting but unanswered 
question. 

Fortunately much of what we know about the formation of an 
active mouse «x gene is relevant to the question of allelic 
exclusion. In some B (antibody-producing) cells, the silent allele 
remains in the germ-line configuration and has not undergone 
the somatic V/J rearrangement necessary to form an active 
gene**. In other cells, the silent allele has undergone V/J 
recombination but, because of the variability of this reaction, 
produces an out-of-phase J sequence and, consequently, a 
nonsense gene”. In still other cells, recombination occurs at 
other than a J region making it impossible to form a coherent 
coding sequence’’. In each of these instances, the molecular 
basis for the silence of the excluded allele is clear, but the basis 
for the selection and control of this process, if any, remains 
obscure. 

Little is known of the nature of isotypic exclusion, because 
studies-of A/« expression in the mouse are necessarily limited by 
the fact that the A class is expressed at low frequency in this 
organism. Recently, however, Alt et al.” examined three long- 
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established A chain-producing mouse myeloma lines and found 
that « genes had been rearranged in two of them and possibly 
lost in a third. This observation led them to a proposal (see 
below} regarding the control of allelic and isotypic exclusion by 
the formation of functional genes. This proposal can be usefully 
pursued in man. In contrast to the mouse, human immuno- 
globulins are composed of one-third A light-chain-bearing 
molecules and, therefore, the human A gene system is likely to 
contribute significantly to antibody diversity. Accordingly, we 
have turned to man and an array of established B-cell lines and 
freshly obtained leukaemic cells to ask whether the structure 
and arrangement of these genes offer some clue as to the 
mechanism or order of their selection. 

We show here that at least one light-chain gene in each 
light-chain-producing B cell has undergone rearrangement 
while its allelic partner has either remained in the germ-line 
configuration, undergone a second rearrangement or been lost. 
In each cell expressing a x gene, the A genes are present in their 
germ-line configuration, but in surprising contrast, in each 
A-producing cell, « genes have been either deleted or undergone 
a rearrangement. This consistent correlation suggests, among 
other possibilities, a putative hierarchy of light-chain-gene 
rearrangements in which the process is ordered so that it usually 
progresses from the x to the A genes. 


K genes are rearranged and deleted in 
K -expressing cells 


The arrangement of the « light-chain genes in human x- 
expressing B cells was determined using a radioactive DNA 





Nature Vol. 290 2 April 1981 





369 








K Chronic Lymphocytic leukaemia K B-cell lines Fig.1 Detection of rearranged « 
, genes in -expressing human B 
Germ line 1 2 3 4 6 7 8 cells. x B cells examined included 


rrr merece Annanennenten neti r 





Fib B 


Placenta 





BamHI 





Germ line « gene 


B B B B 
linn, saal 
Baue saa 3 
a amil 
pee j ralho 
i hen 


Peres erences —— m mitapinrrhimenton 


the monoclonal x light-chain- 
bearing B celis from three patients 
(cases 1-3) with high-count 
chronic lymphocytic leukaemia, 
as well as two long-term «-seeret- 
ing Epstein-Barr  virus-trans- 
formed normal human B-cell ines 
(cases 4 and 5), and three. x«- 
expressing B-cell lines. spon- 
taneously established from B-cell 
malignancies (cases 6, 7 and 8), A 
fibroblast culture from case {and 
a spontaneous T-cell line from 
case 4 served as matched: germ- 
line controls for these individuals, 
Genomic DONA was extracted 
from cells (method of Polsky. er 
al“), digested with BamHI 
restriction endonuclease, Size 
fractionated by agarose gel elec- 
trophoresis, transferred to DBM 
(diazobenzoxymethy!).. paper’', 
hybridized with a *P-labelled 
2.5-kilobase EcoRI embryonic, 
fragment (see diagram)”, and 


BamHI! 





autoradiograms were developed. The germ-line (embryonic) « gene map demonstrating the 12-kilobase BamHI C, -containing fragment and the 2.5-kilobase EeoR1. - 
embryonic C,,-containing fragment (hatched bar) which was used as the C, probe are shown. The four human J, gene segments identified by heteroduplex analysis’” 


are indicated. 


fragment containing the human «x constant region gene'” as a 
hybridization probe to detect this gene among fragments 
generated by BamHI endonuclease digestion of genomic DNA 
(Fig. 1). Non-rearranged genomic DNA yields a single BamHI 
fragment containing the single C, and four human J, seg- 
ments’. Examination of such BamHI fragments from non-B 
cells (placental tissue, fibroblasts or T cells) derived from 24 
different individuals (see representative controls in Figs 1 and 4) 
showed them all to be in the germ-line configuration. Human x 
light-chain-expressing B cells (including lymphocytes derived 
from three high-count chronic lymphocytic leukaemia patients, 
three B-cell lines established spontaneously from «-expressing 
B-cell malignancies, and two «-secreting Epstein-Barr virus- 
transformed human B-cell lines) were then examined. All eight 
«-expressing B cells demonstrated at least one BamHI fragment 
rearrangement when compared with the germ-line configura- 


Fig.2 Detection of rearranged A 
genes in A-expressing human B 
cells. A-Expressing B celi 
examined included the mono- 
clonal A light-chain-bearing B 
lymphocytes from patients (cases 
1-6) with high-count chronic 
lymphocytic leukaemia, as well as 
four long-term A-secreting 
Epstein-Barr virus-transformed 
normal human B-cell lines (cases 
7, & 9, 10). Fibroblast cell 
cultures from cases 1, 2, 3 and 
spontaneous T-cell lines from 
cases 7 and 8 served as matched 
controls in the germ-line 
configuration. The two observed 
germ-line patterns of C, gene 
fragments are presented and 
referred to as type I and type I. 
As before, genomic DNA from all 
cells was digested with EcoRI, 
size fractionated by agarose gel 
electrophoresis, transferred to 
DBM paper and hybridized with 
**P.labelled combined C, probe. 
The, probe (hatched bars} was a 
combination of the 1.2-kilobase 
embryonic BamHI-EcoR! frag- 
ment containing the Kern Or C, 
gene and the 6.8-kilobase 
embryonic § SamHI-Hindlll 
fragment containing the Mce , 
gene (as evidenced by nucleotide 
sequence analysis; PAH. 
unpublished results), 
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tion (Fig. 1). The second C, allele remained in the embryonic _ 
configuration in four cases, showed a DNA rearrangement in 
two cases and was deleted in two cases. 


A genes are rearranged in A-expressing B cells 


Analyses of human myeloma proteins'’ demonstrated that the A 
constant region consists of at least four non-allelic forms in man 
which bear the non-allelic markers, Kern*Oz™, Kern Oz’, 
Kern’ Oz and Meg. To identify these genes in A chain-produc- 
ing cells, we used a C, probe consisting of a mixture of two*’P- 
labelled DNA fragments derived from cloned human A constant 
genes (P.A.H., unpublished results). These were a 1.2-kilobase 
BamHI-EcoRI fragment bearing the C, (Kern Oz’) gene anda 
0.8-kilobase BamHI-HindlII fragment bearing the C, (Meg) 
gene (Fig. 2, bottom). Because of the close amino acid sequence 
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homology of the known human A constant regions, the 
combined C, probe would be expected to cross-hybridize to all 
four of the C, genes. Analyses of EcoRI digests of 24 non-B-cell 
genomic DNAs (placenta, fibroblast and T cells), which were 
carried out to establish the germ-line pattern, demonstrated a 
genetic polymorphism in EcoRI endonuclease sites that 
produced two predominant fragment patterns (Fig. 2, germ-line 
lanes), one which yields 8-, 16.5- and 18-kilobase fragments and 
another which yields 16.5-, 18- and 20-kilobase fragments. Such 
polymorphisms, which seem quite common at this locus 
(P.A.H., unpublished), provide useful chromosomal markers for 
further genetic studies. 
Keeping in mind that apparent alterations in the EcoRI 
fragment pattern at the A locus might be due to these poly- 
morphisms, we examined a number of human A chain-express- 
ing B lymphocytes. These included monoclonal B cells from six 
patients with chronic lymphocytic leukaemia and four normal 
human B-cell lines transformed by Epstein—Barr virus. EcoRI 
digests of all 10 A-expressing B cells showed at least one 
rearranged C, allele that was not seen in the matched non-B 
cells (either fibroblasts or T cells) from the same individual. 
Three of the B cells displayed double rearrangements that could 
be used to establish the order of the A genes in chromosomal 
DNA. This was done by noting that in three cases (1, 3 and 8; 
Fig. 2), the 8-kilobase EcoRI fragment was lost in a double 
rearrangement of A alleles, while the 16.5- and 18-kilobase 
fragments were preserved. Because V/J recombination occurs 
to the 5’ side of an expressed constant region and involves 
deletion of DNA between V and J regions'*'*'’, the retained 
constant A genes must be 3’ to those on the 8-kilobase fragment. 


A genes are in the germ-line configuration in 
«-expressing B cells 


The arrangement of the A light-chain genes in the eight human « 
light-chain-expressing B cells analysed above is shown in Fig. 3. 
In all eight of the «-expressing B cells, the EcoRI A gene- 
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Fig. 4 C. gene deletion or rear- 
rangement in A-expressing B cells. 
The 10 A-expressing B cells (B) 
anc their available matched germ- 
line control fibroblasts (Fib) or T 
cells (T) were BamHI -digested as 
before and then hybridized with 
the “P-labeled 2.5-kilobase 
EceRI C, gene fragment (see Fig. 
1}. We see very faint bands 
present in several cases of chronic 
lymphocytic leukaemia B cells 
that are not evident in the figure. 
These represent the germ-line C, 
segments present in the 3-15% 
contaminating monocytes and T 
cells found in leukaemic B-cell 
preparations and are absent from 
all the cultured cell lines. 
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celis shown in Fig. 1 and the 
available matched germ-line 
controls were digested with 
EcoRI, size fractionated by 
agarose gel electrophoresis, 
transferred to DBM paper and 
hybridized with the combined C, 
probe {described in Fig. 2). Cases 
1-6 show type I germ-line A 
genes; case 8, type H germ-line A 
genes. We presume that case 7 is 
heterozygotic for both the 8-~ and 
20-kilobase EcoRI site alleles, 
although no matched germ-line 
control was available for this B- 
cell line. 


containing fragments remain in the germ-line configuration. 
Note that case 7, which demonstrates both the 8- and 20- 
kilobase EcoRI restriction fragments, seems to be heterozygous 
for the type I and type II polymorphic gene configurations. 


« genes are deleted or rearranged in 
A-expressing B cells 


In clear contrast to the germ-line arrangement of A genes in 
x-expressing cells, both C, alleles are deleted in all six À- 
expressing leukaemic B cells (BamHI digest shown in Fig. 4). In 
addition, both C, alleles were deleted in three of the four 
A-expressing B-cell lines. In the other case, one « allele was 
rearranged while the other was deleted (case 10, Fig. 4). 
Although case 10 was a long-term cell line, it was not physically 
cloned. The finding of C, gene deletions in the nine A-expressing 
B cells was confirmed in the EcoRI digests of genomic DNA 
from these same cells (data not shown). In contrast to the 
observed deletion in the clonal B cells, the C, gene was present 
in the germ-line configuration in BamHI and EcoRI digests of 
DNA from matched (same individual) T cells or fibroblast lines, 
demonstrating that the x gene deletions are apparently limited 
to the A-expressing B cells (Fig. 4). 


The « gene deletions usually include 
the J segment 

To examine the possibility that the C, deletion could extend 
to J and V region coding segments, conceivably involving the 
entire chromosome, we prepared probes corresponding to four 
J„ segments and to a V-region gene (see Fig. 5) and tested for 
complementary sequences in each cell line. In the representative 
case shown (Fig. 5), C, and J, coding segments fail to hybridize 
to a complementary sequence within the A-expressing B cell, 
indicating that the deletion has included the J, segment. 
However, the V-region probe detects complementary fragments 
indicating that this V region family has not been included in the 
deletion of C, and J,. The presence of V, sequences demon- 
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strates that the deletion event is localized and does not represent 
merely a loss of the chromosome bearing the « locus. Identical 
studies of the remaining deletion examples gave identical results 
with a single exception—in one case, a J, was present, but in a 
rearranged configuration (data not shown). This exception 
nevertheless suggests that such deletions can occur from various 
points in the chromosomal DNA. 


Several gene configurations can account for 
allelic and isotype exclusion 


It is already clear from various analyses in the mouse that a 
significant proportion of « light-chain-gene rearrangements are 
aberrant; that is, they create non-functional or invalid genes, 
genes incapable of producing normal light- chains”. Multiple 
rearrangements are not uncommon in mouse myeloma 
cells”*-'*""*, Some of these rearrangements seem to depend on 
the normal V/J recombination mechanism that occasionally 
creates a nonsense sequence and, hence, a null gene*®. Other 
rearrangements do not seem to depend on V/J recombination, 
but involve additional mechanisms (conceivably those analo- 
gous to the heavy-chain switch) that produce aberrant recom- 
binants between | regions that may or may not encode authentic 
V or J segments”*. One such rearrangement actually involves a 


Ci Probe Cy Probe Jy Probe V Probe 











T B T B T B T B 





Germ fine: 
i 
Probes: Cy: CLs 
Vg da da dgh 
Rearranged: AEN S J a E eae 
Probe: Vk LLL BE 


Fig. 5 Extent of « gene deletion in A-expressing B cells. A comparison of 
Cao Co J, and V, gene segments in a representative A-expressing B cell (case 
7, Fig. 2) and its matching (same individual) T cell is shown. The probes are 
shown as hatched bars under each map. “*P~C, and **P~V_«,.5 (see below) 
probes (shown in figure) were hybridized to the EcoRI digests of B cells and 
available germ-line controls, °*P-J, and *P-C, probes were hybridized with 
the BamHI digests of the same cells. The V, gene probe was the 1.6-kilobase 
Hpall fragment derived from the active V,-J, recombinant of the x- 
expressing cell line RPMI 6410'°. This fragment includes 63 bases of the 9’ 
variable region corresponding to the first framework (sequence not shown). 
The amino acid translation of the nucleotide sequence yielded a protein 
sequence identical to that obtained for the human light-chain MAG”? which 
is a member of x subgroup II°*. The J, gene probe was a 1.7-kilobase 
germ-line (embryonic) Cfo, restriction fragment containing four human J, 
segments. The C, probe is described in Fig. 1 legend; the C, probe, in 
Fig. 2 legend. 


recombinational ‘hotspot’ between the mouse J and C regions 
that is complementary to an extension of the small palindromic 
sequence thought to be involved in V/J recombination’. It is not 
known what proportion of DNA rearrangements during B-cell 
development result in the formation of an active gene, but it is 
conceivable that all light-chain alleles of both classes will 
occasionally rearrange in a single cell to form non-functional 
genes. Such cells may not survive as expanded clones. However, 
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Fig.6 Developmental scheme of ordered light-chain gene rearrangements 
in pre-B ceils. The genotype of each intermediate cell is indicated within the 
nucleus, while the predicted arrangement of BamHIix) or EcoRI(x) frag- 
ments is shown diagrammatically below each active cell, The overall scheme 
of lymphocyte development is not shown in order to focus on those stages 
concerned with light-chain gene activation. The initial cell in this scheme 
represents a pre-B cell already committed to the expression of cytoplasmic u 
heavy chain. The expected germ-line configuration of the x («")and A (A% 
light-chain gene fragments is shown schematically below. Light-chain gene 
rearrangements then take place (either productively or aberrantly) in a 
sequence such that rearrangements progress generally from the x to the A 
light-chain genes. Gene rearrangements cease to occur as a result of the 
formation of an active light-chain gene and synthesis of a viable light-chain 
product as suggested by Alt et al”. The genotypes and representative 
light-chain gene fragment configurations for each of the four light-chain- 
producing cell types are shown, Bold faced lines represent the active allele: a 
dotted line represents either a deleted or aberrantly rearranged allele. 
Genotype superscripts Pan the following: 0, germ-line configuration; +, 
viable V-J joining event; X, aberrant rearrangement or deletion. Gene 
fragment patterns consistent with each active cell type have been noted in 
this study. In addition, the scheme predicts a population of B-cell precursors 
with non-rearranged or only one aberrantly rearranged gene. It also predicts 
a population of cells incapable of forming valid light-chains, having ‘spent’ 
their germ-line genes on invalid recombinations. 





in a B cell in which a functional light-chain gene has been 
formed, it is reasonable to suggest that germ-line or aberrantly 
rearranged genes account for allelic exclusion. Perry et al.* have 
emphasized that non-viable gene rearrangements may have a 
significant role in this process, whereas Joho and Weissman’ 
have interpreted their studies of x gene arrangements in circu- 
lating lymphocytes so as to suggest that the excluded allele is 
most often in the germ-line configuration. Similar arguments 
can be made to account for isotype exclusion. The present study 
suggests that both aberrantly rearranged genes and genes that 
remain in the germ-line configuration are responsible for these 
types of exclusion. 


The order of light-chain gene rearrangements 


The fact that A genes seem to remain in the germ-line 
configuration in «-producing cells while x genes are rearranged 
or (more often) deleted in A-producing cells allows us to suggest 
a hierarchy of events involved in light-chain activation. If we 
simply assume that x gene rearrangement usually precedes that 
of A, and if we accept the useful proposal of Alt et al? that the 
appearance of a functional light-chain product precludes addi- 
tional light-chain-gene rearrangements, we can place each of our 
B cells along the developmental! scheme shown in Fig. 6. In this 
scheme it is proposed that a pre-B cell undergoes either a valid 
or a non-functional « rearrangement. If the initial rearrange- 
ment is valid, the clone expands and the gene arrangement 

«*/«°/A°/A® (where the superscripts + = valid, 0 = germ-line, 
x= aberrantly rearranged or deleted) is observed. If the initial « 
rearrangement is non-functional, a second « rearrangement 
occurs and, if valid, the clone expands and the arrangement 

w/t {AO} A’ is observed. If both x alleles are aberrantly rear- 
ranged or deleted, the next rearrangement involves one of the A 
alleles which, following the cascade diagram shown in Fig. 6, 
could go on to produce all the passible combinations of valid and 
non-functional genes shown in the figure. An intermediate 
population of pre-B cells which have no active light-chain genes 
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is predicted by this scheme, including a terminal cell type in 
which all light-chain genes are aberrantly rearranged or deleted. 
Each active configuration predicted by this scheme occurs 
among the B cells we have examined. On the other hand, if A 
rearrangement were to precede that of « or to occur at the same 
relative frequency as «, then we should have seen A genes 
rearranged in «-producing cells. We have not observed this 
situation in any of the «-producing cells examined. A sequential 
process of light-chain gene rearrangement, which seems to 
involve the frequent deletion of C, genes and a joining order 
that proceeds from « to A, can be thought of as an error- 
compensating cascade that finally creates an active gene while 
experimenting with the flexible joining rules that allow optimum 
diversification. 


Why is the « constant region deleted? 


The arguments outlined above do not deal with the finding that 
the x constant region genes are entirely deleted in 9 of the 10 A 
chain-producing cells analysed. Such deletions obviously 
involve recombination sites not ordinarily involved in V/J 
recombination. For example, the deletion of C, may be the 
result of an aberrant recombination event between a V, gene 
and a recombination site which lies 3’ to the « constant gene. 
Alternatively, this deletion might represent secondary recom- 
binational events that follow the formation of valid or invalid « 
genes. But why has the gene disappeared with such a high 
frequency? One possibility is that this deletion is a normal step in 
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Aberrant rearrangements contribute significantly 
to the allelic exclusion of 
immunoglobulin gene expression 
Christopher Coleclough, Robert P. Perry, Klaus Karjalainen & Martin Weigert 
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A study of the organization of light- and heavy-chain immunoglobulin genes in mouse splenic B cells, spleen-derived 
hybridomas and plasmacytomas has unequivocally demonstrated that aberrant rearrangements are common during 
normal B-cell development. The results support a probabilistic model for allelic exclusion of immunoglobulin gene 


expression. 





PHENOTYPIC expression of immunoglobulin genes depends on 
site-specific recombination events which bring the genetic ele- 
ments encoding the immunoglobulin variable and constant 
regions within a single transcription unit. This is most easily 
appreciated in the mouse A, light-chain gene system, in which an 
active gene is constructed by the precise fusion of the single V,, 
gene with the single J,, element residing 1.2 kilobases 5° of the 
C,, gene’. Although the mouse « light-chain gene family is more 
complex, comprising some hundreds of V, genes and four 
functional J, elements, gene activation is essentially similar, 
requiring a single recombination event to fuse V, and J”. 


However, the construction of a functional u heavy-chain gene 
seems to require two recombination events, which result in the 
fusion of three distinct genetic elements: Vu, Dy and Jyt. 
Immunoglobulin gene expression exhibits allelic exclusion; 
that is, in each individual antibody-forming cell, only one of the 
pair of alleles at an immunoglobulin locus is expressed while the 
other is phenotypically silent. Similarly, the synthesis of « and A 
light chains in individual lymphoid cells is mutually exclusive. 
How is this achieved? Recently, we analysed the status of allelic 
k genes in a large number of «-secreting plasmacytomas’. In 
about half of the plasmacytomas examined, the phenotypically 
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Fig. 1 The extent of J, rearrangement in A . C 
«-bearing B cells. A, schematic map of the PEC, 
J,-C, region. Cloned hybridization probes # 





POSS Aare 


BamHi Hindi 





EcoRI Hindili Hindili 


are shown as hatched boxes. Plasmid pEC, 

was constructed by insertion into pBR322 

of the EcoRI-BamHI fragment shown, i C Embryo 
which was derived from the 15.5-kilobase K Xbal | i 

{kb} EcoRI fragment cloned in Charton 4A 


by Lenhard-Schuller et al.**. TVS was iso- 
lated by HindII-~Xbal digestion of pEC, 
and gel electrophoresis. Recombination 
involving the J, region will deplete the 
germ-line J -containing Hindili fragment 
relative to the C,-containing fragment, and 
may be detected as a decrease in the J./C, 
fragment ratio. Recombination 3 (right) of 
the HindIII site between J, and C,, 
however, is not detectable by this assay, as it 
depletes the germ-line J, and C, HindIi 
fragments to the same extent. B, a 
representative experiment. DNA samples 
prepared from 14-day BALB/c embryos", 
or from «-bearing B cells were digested to 
completion with HindIII (Biolab), and 
various amounts (~0.5-8 pg) electro- 
phoresed through 0.8% neutral agarose 
gels, transferred to nitrocellulose paper” 
{Schleicher and Schuell), and hybridized to 
**P-labelled pEC, plasmid DNA, 
Filters were exposed to X-ray film at 
~70°C, using an intensifying screen, for various periods; the one shown was exposed for ~10 h. The «- bearing B cells were purified from BALB/c spleen celis. 
Suspensions of spleen cells were depleted of T cells by treatment with anti-Thy-1 and complement, and centrifuged through Ficoll~Hypaque (Pharmacia) to remove 
erythrocytes and dead cells. The B-cell-enriched preparation was labelled with rabbit antiserum directed against mouse x constant region, counterstained with 
fluorescent-coupled goat anti-rabbit immunoglobulin and passaged through the fluorescence-activated cel! sorter (Becton-Dickinson, FACS II). C, densitometer 
tracings of representative tracks from Southern blot autoradiographs of embryo and B-cell DNA showing the marked reduction of the J, peak (right) in B-cell DNA, 
D, graphical estimation of the extent of J,, rearrangement in B cells. Several exposures of the autoradiogram in B and another set of data from a similar experiment 
were scanned as in C. Comparison of multiple exposures of the same tracks showed that peak heights between 0.5 and 6 cm corresponded to the linear portion of the 
dose-response curve of the film. Data within this range were plotted as J, against C, ; each point is derived from an individual track. The least-squares best fit of the 
embryo data has a slope of 1.105; that of the B-cell data, 0.35. O, Embryo DNA: @, B-cell DNA. 
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silent allele was maintained in the germ-line context, whereas in 
the other half it had undergone some type of non-productive 
rearrangement. We concluded that imprecision intrinsic in the 
process of somatic recombination contributes significantly to the 
allelic exclusion of x gene expression, and we proposed a model 
in which the status of the « alleles is determined by the recom- 
bination frequency and the relative probabilities of productive 
as opposed to non-productive rearrangements®’. Our con- 
clusion, which was supported by the results of other studies on 
the extent of J,7°7?° and J,,°' rearrangement in myelomas and 
lymphomas, was based on the assumption that plasmacytomas 
are valid models of untransformed plasma cells. This assumption 
was questioned by Joho and Weissman", who measured the 
extent of x gene rearrangement in x-expressing splenic B cells 
and concluded that non-productively rearranged x genes are 
very rare or absent in normal lymphoid populations. However, 
their conclusion was based on a single determination and an 
arbitrary interpretation of their normalization data. 

To settle this issue and to examine the general applicability of 
the probabilistic model we have made a detailed study of the 
extent of non-productive rearrangement of both light- and 
heavy-chain immunoglobulin genes in normal mouse splenic B 
cells, spleen cell-derived hybridomas and, for comparison, 
appropriate panels of plasmacytomas and B-cell lymphomas. 
Our results indicate that at least one out of three normal B cells 
contains a non-productively rearranged J, locus and that the 
silent Jų locus is rearranged in >80% of the B-cell population. 
We also provide evidence for extensive J, rearrangement in 
A-producing cells in contrast to a paucity of J, rearrangement in 
k expressors. These results demonstrate unequivocally that 
aberrant rearrangements are a common feature of norma! B-cell 
development. Moreover, they support the idea that both class 
and allelic exclusion can be explained in terms of a probabilistic 
model of immunoglobulin gene rearrangement. 


Non-productive rearrangement of « genes 
occurs frequently in B cells 


In monoclonal lymphoid lines, J, rearrangement is detected by 
observing a discrete J,- containing restriction fragment differing 


from that found in embryo (germ-line) DNA. In contrast, one 
would not expect a discrete novel J, band in a Southern blot of 
DNA from the total splenic population of «-expressing B cells 
because the many different V-J combinations would result in a 
diverse array of fragments of varying sizes. The extent of J, 
rearrangement in this population can, therefore, be calculated 
from the relative decrease in intensity of the embryo-type J, 
band. We needed a strategy to estimate precisely this decrease, 
using controls and quantitative measurements internal to the 
experiment. Figure 1A shows a map of the C, region. It can be 
seen that a HindIII digest of embryo DNA when probed on a 
Southern blot with a plasmid containing an appropriate EcoRI- 
BamHI fragment, pEC,, reveals two major fragments. The 
larger of these, ~4.5 kilobases, contains the C, gene, while all 
the J, elements are contained within a fragment of ~2.9 kilo- 
bases. As these fragments overlap the pEC,. probe to about the 
same extent, their autoradiographic intensities should be 
roughly equivalent. That this is indeed the case was verified (Fig. 
1 B-D) by measurements of varying amounts of embryo DNA. 
As shown in Fig. 1D, a plot of the intensity of the J, band versus 
that of the C, band gives.a straight line with a slope of ~1. For 
these determinations, autoradiographic exposure times were 
confined to a range in which the densitometric peak heights were 
directly proportional to the amount of radioactivity emitted. In 
contrast, when a similar set of measurements were made with 
the DNA of «-expressing splenic B cells, the intensity of the J, 





Table 1 Extent of J,, gene rearrangement in splenic B cells 


C, gene Jy gene 

dosage dosage % B cells 

(ug embryo (ug embryo with both 

DNA DNA % Ju genes Ju genes 

Sample equivalent) equivalent) unrearranged rearranged” 

BI 10.0 ~) ~0 ~ 100 
B2a 8.0 0.5 6.25 87 
B2b 7.5 0,7 9.3 81 





The C, and J,, gene dosages were estimated from Fig. 5B. 
* Assumes each cell has at least one rearranged Jy. 
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band was ~0.35 that of the C, band as judged by the slope of the 
J, versus C, plot. If all the B cells had contained one produc- 
tively arranged and one unrearranged J, locus, the slope would 
have been 0.5. Our data demonstrate that this is not the case 
(confidence limit >0.95); rather they indicate that about one- 
third of the cells contain two rearranged J, loci, one of which 
would presumably be non-productive with respect to «-chain 
production. This fraction is actually a minimum estimate 
because the above analysis is sensitive only to those rearrange- 
ments which result in a loss of the 2.9-kilobase J,, fragment and 
retention of the 4.5-kilobase C, fragment, whereas some non- 
productive rearrangements could conceivably involve the loss of 
both fragments. 


A; genes are infrequently rearranged in 
«-expressing cell lines but x genes 
are often rearranged in A-producing cell lines 


We wished to assess whether the probabilistic model which we 
applied to allelic exclusion at « loci is also valid for light-chain 
class exclusion. That is, can both x and A loci be regarded as 
elements competing for mutually exclusive expression in a single 
pool of B cells? If this is the case, then non-productive gene 
rearrangement would be evident in cell lines producing either « 
or A light chains. 

Initially we determined the status of A; genes in a panel of 
x- producing plasmacytomas. Southern blots of EcoRI-digested 
embryo DNA probed with a A, cDNA-containing plasmid 
exhibit four bands at 8.6, 4.8, 3.5 and 2.5 kilobases (Fig. 2). 
Brack et al.’ have identified the largest three as containing C,,, 
Vay and V,,, respectively. We do not know which hybridizing 
element is contained within the 2.5-kilobase band; possibly it is 
related to the Ar locus’. Each of the four A;-producing plas- 
macytomas examined showed a novel band at 7.4 kilobases, 
characteristic of the fused V,,-C,, gene’. There is some evidence 
of additional A gene rearrangement: Y5444 seems to lack an 
unrearranged allelic C,, gene and J558 lacks an unrearranged 
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allelic V,, gene. When DNA from 14 «-producing plasmacy- 
tomas was similarly probed, all revealed the germ-line set of A 
bands; one cell line, PC2960, showed one additional band that is 
different from the productive V,,-C,, hybrid. One A gene has 
been rearranged non-productively in this cell line, but without 
further analysis, we cannot say which. Clearly, however, A gene 
rearrangement is rare in x- producing cells. 

We performed the complementary experiment, determining 
the status of x genes in A-producing cells, at first with the four A 
plasniacytomas used above. In no case could we find a germ- 
line-type x gene (not shown). To extend our analysis, we 
decided to use A- producing hybridomas, which can be produced 
in reasonable numbers and, moreover, can be assayed soon after 
induction, minimizing the time spent in serial passage. The use 
of cultured hybridoma lines also eliminates any possible 
contamination by DNA of non-lymphoid origin. Certain strains 
of mice, in response to primary immunization with nitrophenyl 
chicken globulin (NPCG), produce antibodies in which A light 
chains are frequent’. We produced a large number of hybri- 
domas from spleen cells after primary immunization of CB.17 
mice with NPCG. After cloning and serological characteriza- 
tion, we analysed DNA from 12 A-secreting hybridomas. DNA 
was digested with HindIII and processed as above, this time 
probing with the HindIII—Xbal fragment, IVS. As shown in Fig. 
1A, embryo DNA yields a 2.9-kilobase fragment that hybridizes 
with this probe; rearrangement at or close to any J, will substi- 
tute this with a novel fragment. Our results are shown in Fig. 3. 
Ag8.653, the myeloma partner used to produce hybridomas, has 
a strong band at ~6.5 kilobases, which is maintained in all the 
hybridomas. Clearly, rearrangement at J„ is frequent in these 
hybridomas. Four hybridomas, d, e, f and g, showed bands 
similar in mobility to that characteristic of unrearranged C, 
genes. A second analysis, including an embryo marker, shows 
that only the fragment from hybridoma f is actually coincident 
with the embryo-type fragment (Fig. 3B). To verify that hybri- 
doma f does indeed contain a non-rearranged « gene, we 
performed a similar analysis with DNA that was digested with 
BamRI and BamHI plus EcoRI. Hybridoma f continues to 
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Fig. 2 Southern blot analysis of the A loci in a series of A- and «-secreting plasmacytomas. Aliquots (10 pg) of DNA from the sources indicated were digested with 
EcoRI, electrophoresed through a 0.7% agarose gel, transferred to nitrocellulose and hybridized with °*P-labelled plasmid B1, which contains V,, and C, sequences 
derived from H2020 mRNA’. Tracks marked BALB contained 10 ug 14-day BALB/c embryo DNA. kb, Kilobase. 
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Fig. 3 J, rearrangement in A-producing hybri- 
domas. Hybridomas specific for NPCG were 
produced as described elsewhere’? by fusion of 
immune spleen cells with Ag8.653 cells””. After 
selection for drug-resistance phenotype and antigen 
binding specificity, those hybridomas secreting A 
light chains were revealed by radioimmunoassay. A, 
DNA from the myeloma parent cell line Ag8.653 
and from each of 12 individual cloned A-producing 
hybridomas (a-l) was digested with HindIII, elec- 
trophoresed through 0.7% agarose and probed with 
**P-labelled IVS (see Fig. 1A). Ag8.653 DNA 
shows strong hybridization to a fragment ~6.5- 
kilobases long, and this is maintained in all hybri- 
domas. The weak band at 4.5 kilobases is due to 
slight contamination of the electrophoretically 
purified IVS probe with a C, fragment, which 
hybridizes to the 4.5-kilobase C, HindIII fragment 
and thus is maintained in all cell lines. The J, region 
in its germ-line context is revealed as a 2.9-kilobase 
fragment. B, four hybridomas, d-g, which exhibited 
J, HindIII fragments with mobilities close to that 
characteristic of the germ-line J, region, were re- 
assessed relative to BALB/c embryo DNA. HindIII g 
digests were analysed by gel electrophoresis and Bai 
Southern blotting as above. C, hybridoma f was 
further analysed to confirm that it contained a non- 
rearranged J. region; f has a fragment with identical 
mobility to that of the germ-line fragment after both 
BamHI digestion and BamHI-EcoRI double 
digestion. 


2.9kb 


display a fragment indistinguishable in size from the embryo- 
type « gene fragment (Fig. 3C). 

Thus, the prevalence of rearranged over non-rearranged x 
genes in A- producing lymphoid lines is high but not absolute. Of 
the 15 distinct J, gene contexts (counting b and c as one clone; 
see below) discovered in these 12 hybridomas, one is germ line 
and 14 are rearranged. Three of the hybridomas show only one 
J, fragment; two show no hybridization other than to the Ag8 
fragment. This could be due either to chromosome segregation 
or to the specific deletion of this region. Interestingly, two 
clones, b and c, show identical patterns of J, context, and are 
also identical in heavy-chain gene context (not shown). We are 
certain that these are independent clones; thus they probably 
derive from the same B cell, clonally expanded in vivo. 


Ju rearrangement usually occurs in both 
heavy-chain alleles in 
plasmacytomas and normal B cells 


We set out to evaluate the incidence of rearrangement in the 
silent J,, locus by examining the context of the Ją cluster in 
established lymphoid lines and splenic B cells. The Jy elements 
are contained in an EcoRI fragment ~6.2 kilobases long (Fig. 
4A). Recombination within or near the Ją cluster should 
produce a novel EcoRI fragment which could be revealed by 
hybridization of an appropriate recombinant plasmid, pJ11. An 
application of this analysis to a series of plasmacytomas is shown 
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in Fig. 4B. As all the plasmacytomas synthesize a heavy chain, at 
least one novel EcoRI fragment is expected in each case. In fact, 
most, 15 out of 20, show two distinct novel EcoRI fragments, as 
do the two lymphomas 38C and 70Z, demonstrating frequent 
rearrangement of the silent allelic J} cluster. All plasmacytomas 
which were grown as subcutaneous tumours show some, mostly 
faint, hybridization to an embryo-type fragment which pre- 
sumably derives from contaminating host cells, as noted 
before*''. Rearrangement of both Jy alleles was also observed 
by Cory and co-workers”' in a similar analysis of a myeloma and 
several lymphoma lines. Three examples, PC2960, PC7043 and 
PC6308, show strong hybridization to an embryo-type fragment 
and only a single novel fragment. We have further analysed 
PC7043 and PC6308 using an EcoRI-Sacl digest, which yields a 
Ju fragment of ~3 kilobases. Both plasmacytomas yield a J, 
band coincident with that of the embryo type (data not shown). 
Thus, we note that, although rearrangement of the silent allelic 
Ja cluster is frequent in lymphoid lines, it is not a universal 
occurrence. 

In our first set of experiments with splenic B cells purified on a 
fluorescence activated cell sorter (FACS), we noted that, 
whereas EcoRI digestion of B-cell DNA yields a distinct C, 
fragment, no discrete band is obtained using KpnI'*. Because 
the Kpn site upstream of C, is 5’ distal to the Ją cluster, this 
result suggested relatively frequent J,, recombination in B cells. 
Here we refine and quantify those observations. 

As discussed above for J, rearrangement, the extent of Jy 
rearrangement in the splenic population of surface IgM-positive 
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B cells must be calculated from the relative decrease in intensity 
of the embryo-type Ju band. We again used hybridization to the 
constant-region gene fragment to control for and quantify the 
extent of hybridization to the neighbouring J-region fragment. 
We wished to separate the C, gene from its labile 5' flanking 
region"? to avoid the possibility that any rearrangement in this 
region could lead to an underestimation of C,, gene dosage. This 
was achieved using SacI, which cleaves in the intron between C,,, 
and C,, exons. A SacI-EcoRI double digestion yields a 5.1- 
kilobase C, fragment and a 3-kilobase J, fragment from 
embryo DNA (Fig. 4A). 

Our analysis of splenic B cells is shown in Fig. 5A. Two 
different samples of B-cell DNA were analysed, one in dupli- 
cate, loading ~6 to 8 ug of DNA per track, together with two 
sets of a titrated series of embryo DNA. B-cell DNA shows a 
striking deficit of the J,, band relative to embryo DNA, indicat- 
ing extensive rearrangement of the Jy region. One sample (B1) 
shows no distinct Ją band at all, whereas the other duplicate 
samples (B2a, b) show very faint bands over an elevated back- 
ground. 

Because of the large difference in intensity of the J,, and C, 
bands it was not possible to select a range of autoradiographic 
exposures for which both bands were on the linear portions of 
their dose-response curves. Therefore, we had to use a different 
method of calculating the extent of J,, rearrangement from that 
used for the J, measurements. By varying the exposure time of 
the autoradiograph and scanning the tracks on a densitometer, 
we obtained calibration curves relating C, of J,, peak height to 
the input amount of embryo. DNA (Fig. 5B). By reference to 
these curves we used the measured peak heights to estimate the 
apparent C, gene and Jy gene dosage as equivalent yg total 
embryo DNA input (Table 1). The extent to which apparent Jų 
gene dosage is less than apparent C,, gene dosage in B-cell DNA 
equals the extent of J,, rearrangement. Assuming that all IgM- 
expressing B cells must have one rearranged J,, region, we 
calculated the per cent of cells in each sample which have 
rearranged their silent J4 allele as: B1 ~100%, B2a 87% and 
B2b 81%. The persistence of a small proportion (~15%) of cells 
with an unrearranged Jy locus is consistent with the results of the 
plasmacytoma survey described above. 





EcoRI Fig. 4 Ją gene rearrangement in 
| lymphoid lines. A, restriction map of C, 
gene and J,, region. Black areas indicate 
protein coding elements. Hatched boxes 
indicate sequences represented in the 
C, probe: the cDNA plasmid 
pu(3741)° and the Ją probe: the 
genomic DNA plasmid pJ11'*. The map 


J O in 9 was compiled from refs 13 and 28 and 
‘i S œ% 8 oO D ai q Ö our own observations. Not all Sacl sites 
Q z% ra a 4 = a £ are shown. B, 10 ug of DNA prepared 


from each indicated source was digested 
with EcoRI and electrophoresed 
through 0.75% agarose, transferred to 
nitrocellulose and hybridized with **P- 
labelled pJ11. All cell lines are from 
NZB mice, except MIO4E and J558, 
which are from BALB/c mice, 38C 
from a C3H mouse, and 70Z which 
derives from a (C75BL/6 x DBA/2) F, 
hybrid. The mobility of non-rearranged 
Ją restriction fragments from these 
strains is identical, thus all tracks are 
comparable with the BALB/c embryo 
tracks. Tracks labelled M contained 
1 ug EcoRI-digested A phage DNA and 
3 pg each of EcoRI-treated, and EcoRI 
plus Sa/l-digested pMB9 DNA. The 
latter species are revealed by hybri- 
dization with recombinant plasmid 
probes and appear on the autoradio- 
graph as 5.8- and 4.8-kilobase frag- 
ments. 


Discussion 


These results clearly demonstrate that the aberrant rearrange- 
ments previously observed in transformed lymphoid cells also 
occur in normal B cells, and consequently that the recom- 
bination process responsible for the formation of functional 
immunoglobulin genes is error prone. Thus, when recom- 
bination events occur during B-lymphocyte maturation, a germ- 
line locus (Ig°) may be rearranged to form either a functional 
(Ig*) or a non-productive (Ig ) immunoglobulin gene. Detailed 
analyses of « genes have revealed several types of non-produc- 
tive rearrangements: those involving recombination at a pseudo 
J site, which lacks a proper RNA processing signal®'*’*, those 
involving joining errors, which create translational stop 
codons'”'’, and those which extinguish transcription®’, possibly 
due to the selection of a non-functional (pseudo?) V-region 
segment. 

We have suggested that the status of immunoglobulin alleles 
depends principally on their recombination frequency, which 
may vary over the course of B-cell maturation, and the relative 
probability of productive as opposed to non-productive rear- 
rangements’. With appropriate values of these parameters, this 
probabilistic model should predict the ratio of Ig’/Ig* to Ig /Ig* 
genotypes in a particular population of lymphoid cells. Our 
previous studies of «-expressing plasmacytomas indicated a 1: 1 
ratio of «"/«* to « /«* genotypes, whereas our current 
measurements of «-expressing splenic B cells indicates a ratio of 
~2:1. If this discrepancy actually reflects a difference between 
plasma cells and B cells, it would suggest that x rearrangement 
can still occur during clonal expansion of B cells, although at a 
greatly diminished frequency compared with pre-B cells. Our 
estimate of 33% non-productive rearrangement in B cells is in 
marked contrast to the very low level claimed by Joho and 
Weissman”. However, when their single measurement was 
normalized with their rDNA data, we calculated 26% non- 
productive rearrangement, which is not significantly different 
from our more accurately determined value. 

The high frequency of « rearrangement in A expressors and 
the rarity of A rearrangement in «x expressors suggest that the 
recombination frequency is in part determined by the total 
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number of V and J elements that can participate in recom- 
bination, which in the mouse would greatly favour « over A. 
Furthermore, the fact that a x° locus is occasionally retained by a 
A expressor and a A locus: is occasionally present in a «x 
expressor is consistent with a probabilistic model which views 
the genes for both classes of light chain as equivalent candidates 
for productive or non-productive rearrangement. This fact is not 
easily accommodated by models which postulate a strictly 
sequential sampling of the x and A gene pools". 

If we consider the formation of a productive light-chain gene 
as the prime determinant of the developmental transition from 
pre-B to B cell’’, then the composition of x genotypes in 
A-expressing spleen cells should reflect the steady-state dis- 
tribution in pre-B cells at the time of this transition. Our results 
indicate a high proportion of «x /«~ genotypes in these pre-B 
cells. For this to be compatible with a 2:1 ratio of «°/x~ to 
x /«” genotypes in B cells we need to postulate that the 
recombination frequency is greatly reduced after the formation 


of a productive light-chain locus. Such a supposition seems- 


reasonable as the production of light chains allows the cell to 
display surface immunoglobulin? which presumably triggers 


Fig. 5 J, gene rearrangement in M 
splenic B cells. A, B-cell-enriched frac- 
tion prepared as described in Fig. 1 
legend was stained with fluorescein- 
coupled rabbit anti-mouse IgM and the 
surface IgM-positive fraction purified 
by FACS. The proportion of IgM-bear- 
ing cells in the final cell sample was 
estimated to be >98%. DNA was pre- 
pared from these cells and its concen- 
tration roughly estimated by visual 
inspection of ethidium bromide 
fluorescence of an aliquot compared 
with that of DNA of known concen- 
tration. B-cell DNA was digested 
sequentially with SacI and EcoRI and 
an estimated 6-8 ug electrophoresed 
through 0.8% agarose, Two different 
samples of B-cell DNA were analysed, 
one of them in duplicate (B1; B2a, 
B2b). A titrated series of BALB/c 
embryo DNA was similarly analysed, in 
duplicate, loading 1, 2, 4 and 6 pg as 
shown. Hybridization of the Southern 
blot to a mixture of **P-labelled plas- 
mids pu(3741)° and pJ11 revealed the 
C,„ gene and the J,, region as fragments 
of 5.1- and 3.0-kilobases, respectively. 
Three exposures (20, 40 and 100 h) of 
the autoradiograph were developed. 
The entire 40-h exposure is shown, with 
the central five tracks (the three B-cell 
samples flanked on the left by 6 ug and 
on the right by 1 ug embryo DNA) of 
the 20- and 100-h autoradiographs 
shown as inserts on the lower left and 
lower right, respectively. B, the 
autoradiographs were scanned on a 
densitometer and peak heights 
measured. Peak heights of the C, 
fragment in embryo DNA from the 20-h 
autoradiograph were plotted against ug 
input DNA to give a calibration curve 
linear at large DNA inputs, which we 
could use to estimate B-cell DNA input 
from C, peak height as shown. The 
curve relating embryo DNA input to J,, 
peak height on the 100-h autoradio- 
graph is linear at small DNA inputs, and 
was used to estimate B-cell J,, gene 
dosage. ®@, Embryo DNA; A, B-cell 
DNA. 


Peak height (cm) 





gross morphological and biochemical changes associated with 
the pre-B to B cell transition. This effective stabilization of 
genotypes by a productive rearrangement would effectively 
ensure the allelic exclusion of light-chain gene expression by 
diminishing the likelihood of «°/«k*+«*/x* transitions. A 
similar suggestion was recently made by Alt et al.. 

Our analysis of the heavy-chain (J,;) locus indicates a high 
frequency of non-productive rearrangement, with >80% of 
splenic B cells having u /u~* genotypes. Yet the fact that a small 
but definite subpopulation have «°/* genotypes is consistent 
with the probabilistic nature of the recombination process. The 
difference in frequency of non-productive rearrangements 
between heavy- and light-chain genes may be related to the 
more complex structure of the heavy-chain locus, which requires 
at least two recombinational events (Vu to Dyu and Dy to Jy) to 
produce a functional genetic unit. Lack of function may be due 
to an error in the D,,-J,, recombination, an error in the accom- 
panying V,,-D,, fusion, or even the lack of a V;,-D,, recom- 
bination. In the latter case, the non-productive locus might 
represent an intermediate which could eventually undergo 
further rearrangement. 


BALB/c B cell BALB/c 


2 £6 Ha Diti? 4 g Ñ 


DNA input (ug) 
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A higher intrinsic recombinational frequency for heavy-chain 
compared with light-chain genes could explain why rearrange- 
ment of heavy-chain genes precedes that of light-chain genes 
during B-cell ontogeny’'**. The fact that a relatively high 
proportion of the heavy-chain gene rearrangements are non- 
productive could account for the allelic exclusion of heavy-chain 
expression, for it would predict that most cells in which a 
u° u` transition occurs would already have experienced a 
p° uw” on the other allele. This explanation is compatible with 
the idea that both heavy- and light-chain genes use the same 
recombinational machinery*”, and that this machinery remains 
essentially intact on formation of a functional heavy-chain gene. 
This seems reasonable because there are apparently no gross 
phenotypic changes in u-expressing pre-B cells before the 
creation of a functional light-chain gene. Thus, allelic exclusion 
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Venera 11 and Venera 12 have detected emission and absorp- 
tion lines in the energy spectra of many y-ray bursts. The 
similarity between the spectral features observed during 
different events reveals the similarity in physical conditions and 
processes which occur within the burst sources. These lines are 
the most convincing evidence that the y-burst sources contain 
neutron stars with a strong magnetic field. We present here 
results of a comprehensive analysis that included weaker bursts, 
which indicate that the presence of lines in the y-burst spectra, in 
particular of absorption lines in the region 30-70 keV is a 
characteristic rather than an exceptional feature. 


of immunoglobulin gene expression is viewed as being due 
principally to recombinational errors in the case of heavy chains, 
and to a combination of errors and phenotypic alteration in the 
case of light chains. 
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The investigation of lines in cosmic X-ray and y-radiation is 
important, and has been reviewed elsewhere’”. y-ray line radi- 
ation is characteristic of nuclear processes, however, in certain 
conditions, lines can be produced in the astrophysical plasma by 
radiative processes**. Lines in the plasma radiation can be 
closely associated with the presence of superstrong gravitational 
and magnetic fields in sources such as degenerate dwarfs and 
neutron stars. The magnetic bremsstrahlung at the cyclotron 
frequency wy = eH/mc at fields H > 10'* Oe already lies in the 
hard X-ray range. Pair production in the hot magnetized plasma 
may be a powerful source of positrons. The positron annihilation 
radiation produced near the surface of a neutron star should 
undergo a substantial gravitational redshift. Observations of 
these effects could provide a means for reliable determination of 
the gravitational and magnetic fields in the sources. 

Cyclotron radiation in the X-ray range was first observed” as 
the 58-keV line in the spectrum of Her X-1; the 73-keV line in 
the Crab spectrum may have the same nature’. It is thought that 
the redshifted annihilation line was observed’ among other lines 
in a transient event on 10 June 1974 and in the emission from the 
Crab nebula region". However, not all of these pioneering 





Table 1 Emission lines in the y-ray burst spectra 


Full energy 


na 


Date of To fiux $ E F Energy in line 

event (UT) (erg cm™’) (keV) (em~? 57*) S. (erg cm~?) S/S) 

18 September 1978 19.49.11 2.8 x107 400+ 50 0.43+0.10 (2.140.5)x 107° 0.07 
(2.5 x 107°) (0.08) 

4 November 1978 16.17.53 2.6x10 400+ 50 1.22+0.19 (5.7+0.9)x 107° 0.02 
(1.4x 107) (0.04) 

19 November 1978 09.28.33 5,5 x10 330-850 15.0+1.6 (4.3+0.5)x 107° 0,08 
(5.0x 107%) (0.09) 

16 January 1979 08.59.18 2,3x 10 420+ 50 0.194 0.07 (1.9+0.7)« 107° 0.08 
5 March 1979 15.51.39 1.3x107? 430+ 30 73+15 (1.0+0.2)« 107° 0.008 
(3.0x 1074) (0.03) 

18 April 1979 07.44.41 6.5x107° 450+40 0,260.08 (2.7+0.8) x 107° 0.04 

26 May 1979 21.50.01 7.4x 107° 4545 -0.90.1 (7.9+0.8)* 1077 0.11 

22 June 1979 00.41.30 7.2x107° 460+ 40 0.12 +0.04 (3.54 1.0)x107° 0.05 
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Fig. 1 The energy spec- 
tra of y-bursts. a, 7 March 
1979; b, c, 1 November H i 
1979 (illustrating the m 10-3 
cyclotron absorption line > a b j 
evolution in time); the v 
spectra: shown were = 
obtained in the first8s(b) =, 
and subsequent 24s(c)of 4 
the burst; d, 12 June G 
1979; e, 12 April 1979 = 
{initial stage); f, 10 June s 
10-2? 
10 10° 10! 10 10! 16° 
, E (keV) 
Table 2 Absorption lines in the y-ray burst spectra 
Fraction of 
Full energy E Relative Equivalent energy absor- 
Date of To flux § E depth width W bed S$, 
event (UT (erg cm”) (keV) h (keV) (ergcm 7) SaS 
14 September 1978 16.42.12 1.7x107° 65+10 Wide absorption band 
17 November 1978 13.46.42 1.2«x107° §2+8 0.70 2845 (6.2+1.0)x107 0.05 
(8.0x 107°) (0.08) 
21 November 1978 01.34.14 9.0x 107° 70+10 0.36 2345 (8.04 1.5)x107’ 0.009 
(1.5x 107°) (0.05) 
7 March 1979 22.15.34 1.9x 1074 455 0.43 7.0+0.6 (2.340.2)x 107° 0.012 
23 March 1979 23.39.11 3.4x107> 66+ 10 0.43 30+5 (1.1+0.2)x107° 0.03 
(1.1* 1075) (0.10) 
25 March 1979 13.41.12 4.8x107> 50+10 0.32 12.0+1.3 (5.6+0.6)x 107? 0.012 
(1.9 107°) (0.03). 
29 March 1979 22.28.42 6.5x 107° 50+8 0.35 3.90.7 (2.6+0.5)x 1077 0.004 
(3.7x 1074) (0.007) 
2 April 1979 09.41.45 3.7x107° 55+15 Wide absorption band 
12 April 1979 22.04.42 22x10 50+8 0.62 2742 (1.8+0.2)x 107° 0.08 
(1.7« 107%) (0.10) 
24 May 1979 03.56.26 1.5x1075 2745 0.31 3.4+0.9 (1.9+0.5)x 1077 0.013 
29 May 1979 20.23.01 7.4x10°° 5§+10 0.46 20+5 (3.5+0.9)x107’ 0.05 
10 June 1979 05.50.04 6.1x 107° 40+5 Wide absorption band 
12 June 1979 04.42.54 3.0« 197° 4747 0.49 13+4 (2.54+0,8)« 107’ 0.08 
22 June 1979 00.41.30 7232x1075 50+8 0.48 9.5+0.8 (1.3+0.2)x 107° 0.018 
31 July 1979 10.49.55 8.1«107> 55410 0.40 2142 (9.341.1)x1077 0.011 
| (3.1 107%) (0.03) 
6 October 1979 08.10.26 7.3«x107° 62+8 0.52 28+4 (4.0+0.6)x 1077 0.055 
y (2.2x 107°) (0.18) 
31 October 1979 09.18.33 6.5x 107° 4648 Wide absorption band 
(5.4% 107°) 
1 November 1979 17.36.27 2.1x107¢ 65+ 10 0.47 18+2 (5.940.8)x 107’ 0.003 
(3.4 x 107°) (0.017) 
9 November 1979 07.56.32 6.8x 107° 64+10 0.31 2643 (8.4£0.9)x107’ 0.12 
20 December 1979 17.30.34 1.0x107* 63+10 0.22 18+1 (1.64+0,1)x 107° 0.016 
(5.7x 1079) (0.028) 
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results are reliable’; in particular, the spectral features from the _ 


Crab nebula have not shown up in other observations therefore 
independent confirmation is needed. 

Energy spectrum studies and the search for lines are also 
important in understanding the nature of the y-bursts. In the 
Konus experiment carried out on Venera 11 and Venera 12 


spacecraft during 1978-80 (ref. 9) energy spectra of ~150 y-ray _ 


bursts in the 30 ke V-2 MeV range were obtained, and the very 
first observations’® revealed lines in the spectra of some bursts. 
A redshifted annihilation line was clearly observed at 430 keV 
in the spectrum of the 5 March 1979 burst produced by a flaring 
X-ray pulsar'’. A broad emission feature was detected at 300- 
800 keV inthe spectrum of a strong y-burst on 19 November 
1978 (ref. 9). A germanium detector on ISEE 3 revealed this as 
two lines at ~420 and 740 keV which were interpreted as the 
strongly redshifted 511-keV annihilation line and 847-keV iron 
line, respectively'*. Our subsequent measurements showed the 
presence of emission and absorption lines in several strong 
y-bursts’?. 

The most typical examples of y- burst spectra containing lines 
are shown in Figs 1-3. (More information on these events is 
given in refs 14, 15.) Eight consecutive measurements of the 
energy spectrum were made during each event, each lasting 4 s. 
Thus between 1 and 8 spectra were obtained for each burst, 
depending on its duration. The statistical accuracy of an indi- 
vidual spectrum of a weak event may be insufficient for line 
resolution, in which case, individual spectra are added together. 
This summation can also be used if no noticeable evolution of 
the spectrum is observed in the course of a burst. 

Figure 1a shows the spectrum of a long intense event on 7 
March 1979. Here the spectral distribution in the continuum, 
just as in most of the other bursts, fits the dN/dEo 
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E` exp (~E/kT) law typical for radiation from a hot, optically- 
thin plasma. An absorption line can be clearly seen at ~45 keV 
remaining visible in all the measured spectra. The line is 
assumed to result from absorption of the burst radiation at the 
cyclotron frequency wy in the outer, colder regions of the 
plasma in a strong magnetic field. The resonance is associated 
with the change of state of the electron in a magnetic field, its 
transition to the next Landau level involving the absorption of 
an energy AE = hwy = heH/mce. 

The spectrum of the 1 November 1979 burst is shown in Fig. 
1, c. In contrast to the 7 March 1979 event, the absorption line 
is observed here only at the initial burst stage (Fig. 1b). At the 
later stage (Fig. 1c) the line disappears—an evolution typical of 
many other bursts which may be associated with the heating of 
the absorption region during the burst development. The 
increase in emission at the cyclotron frequency in this region due 
to heating can cancel absorption in the spectrum of the y- burst. 
In the 1 November 1979 burst the spectral distribution in the 
continuum also undergoes evolution. The spectrum becomes 
harder and the temperature kT increases from 240 to 480 keV. 

An interesting feature of the absorption line in the spectrum 
of the 1 November 1979 event is an intensive wing at lower 
energies which causes a marked broadening of the equivalent 
line width. Apparently, this can be attributed to a spatial varia- 
tion in magnetic field in the source. Such an interpretation also 
holds for many other bursts, for example, those with the spectra 
shown in Fig. 1d-f. Here the absorption line spreads into a band 
because of a substantional change in magnetic field within the 
source. 

Figure 2a, b shows spectra with absorption lines obtained for 
the bursts on 29 March 1979 and 24 May 1979. Note that these 
bursts were recorded by the Venera 11 detector whose energy 








Fig. 2 The energy spec- 
tra of y-bursts. a, 29 
March 1979 (1, the spec- 
trum of the initial stage of 
the burst; 2, the spectrum 
obtained for the deep 
minimum between the 
burst peaks); b, 24 May 
1979; c, 31 July 1979 
(initial stage); d, 6 Octo- 
ber 1979 (initial stage); 
e, 26 May 1979, f 22 
June 1979. 
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Fig. 3 The energy spec- x6 
tra of y-bursts with emis- 10 

sion lines. a, 5 March 
1979 (the spectrum of the 
short initial pulse); b, 18 
September 1978; c, 18 
April 1979; d, 16 January 
1979; e, 4 November 
1978 (initial stage); f, 19 
November 1978 (initial 

stage). 
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threshold lies at ~17 keV in contrast to the other five detectors 
with a thréshold of ~30 keV. This enabled us to obtain addi- 
tional information. The radiation level in the first, the softest 
channel of the spectra of these bursts, is higher than normal and 
remains nearly constant during the burst. The 29 March 1979 
event consists of many peaks and lasts about 40s (ref. 14). The 
last measured spectrum (2 in Fig. 2a) falls on the deep minimum 
between the peaks—its shape corresponds to radiation from a 
substantially colder plasma with temperature kT ~8 keV. A 
comparison of the two spectra in Fig. 2a shows that the soft 
component of the radiation is present during the entire burst. 
This suggests that the bursts on 29 March 1979 and 24 May 1979 
come from two-component sources. It is unclear whether the 
appearance of the absorption lines can be associated with the 
presence in the source of a substantially more stationary and 
colder plasma. 

Figure 2c, d shows absorption at the initial stages of the 31 
July 1979 and 6 October 1979 bursts which also undergoes 
evolution, disappearing at later stages. All these graphs demon- 
strate the similarity between the patterns of absorption in the 
spectra with substantially different spectral distributions in the 
continuum. 

The burst on 26 May 1979 (Fig. 2e) revealed an emission line 
at 45 keV. From our data, this spectrum is the only reliable 
evidence of emission at the cyclotron frequency wy. Figure 2f 
shows a spectrum of the 22 June 1979 burst which is remarkable 
in that it contains in addition to the cyclotron absorption line and 
an emission line at 460 keV which is apparently due to the 
annihilation radiation. The energy of this line was reduced 
(1-2GM/c?R)'” times as a result of gravitational redshift in 
the field of a neutron star. 

The same emission lines were also observed in several other 
y-ray bursts (Fig. 3). These data show that the relative intensity 
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of the emission lines, just as that of the absorption lines, can vary 
in a time shorter than the burst duration. The line emission 
seems most likely to appear at the burst stages characterized by 
the highest temperature of radiation in the continuum. Indeed, 
the line at ~430 keV in the burst on 5 March 1979 can be seen 
only in the hard spectrum of the short initial pulse’’. A broad 
line at ~400 keV simultaneous with hard radiation in the 
continuum can only be observed at the initial stage of the 4 
November 1978 burst. The event on 19 November 1978 is 
distinctive because of its extremely strong evolution of the 
spectral distribution’. The very hard spectrum with a broad 
emission feature at 300-800 keV (Fig. 3f) is observed during the 
first 4 s of the burst. The resolution in this region of two lines at 
420 and 740 keV (ref. 12) apparently represents the only case of 
observation in a y-ray burst of a line above 500 keV. The 
temporal evolution of the emission lines in the 18 September 
1978, 18 April 1979, and 16 January 1979 bursts is less 
pronounced. 

Tables 1 and 2 contain data on lines in the y-ray bursts, 
showing the date of the event, the time of the beginning of 
recording To, and the energy flux $ (>30 keV) integrated over 
the burst duration. For the emission lines the mean energy E, the 
mean photon flux F, the energy flux $. emitted in the line, and 
the ratio S,/S are given. The parameters for the absorption lines 
are the mean energy- E, the relative line depth A in units of the 
continuum intensity, the estimated equivalent line width W = 
{h dE, the estimated fraction of absorbed energy flux in the 
burst S,, and the ratio S,/S. If evolution of a line was observed, 
the values of S$ and S,./S, or S,/S calculated for the burst stage 
with the line are also given in brackets. 

The figures and tables show that the lines in different bursts 
have fairly similar characteristics. Emission lines appear pre- 
dominantly in the interval 400-460 keV and the energy 
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contained in these constitute 5-10% of the energy of the burst. 
Absorption lines are observed in the 30-70-keV region and the 
equivalent line widths constitute 5-15 keV, thus 1-2% of the 
energy of the burst is absorbed. In some cases the lines become 
smeared strongly and the integral absorption in the soft region of 
the spectrum increases. The temporal evolution of lines in 
different bursts also reveals common features. Such a similarity 
supports our interpretation of the spectral features in the y- 
burst spectra as cyclotron absorption lines and redshifted anni- 
hilation lines. Thus an overall analysis of our data leads to a 
conclusion that y-bursts are produced in regions with a gravita- 
tional potential of ~(0.1-0.2)c” and magnetic field ~(2~6) x 
10'* Oe near the surface of neutron stars. Strong support for 
these neutron stars being actual components of binaries'® is the 
discovery of a similar cyclotron absorption line at 20 keV in the 
spectrum of the pulsed hard X-ray flux” from 4U0115 + 63. 
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The 1,612 MHz OH maser emission associated with cool long- 
period variable stars is generally characterized by two main 
regions of emission separated in velocity by ~10-50 kms”. 
This has been taken to indicate that the OH lies in an expanding 
shell surrounding the star, the main peaks originating at the near 
or far sides of the shell along the line of sight where the maser 
column lengths may be greatest. Here we present the first 
high-angular resolution measurements of the OH emission from 
such a source which demonstrates dramatically that this picture 
is correct. 

The 1,612-MHz OH maser source, OH127.8-—0.0 
(hereinafter called OH127.8) was discovered in a survey by 
Bowers’. Like many other sources found in such surveys”, it 
shows the OH characteristics of the long period variable stars 
but has no optical identification although it is probably co- 
incident with an IR star*. These objects have been designated 
Type I] OH/IR stars and are assumed to be long period variable 
stars which are either at too large a distance for optical 
identifications or have circumstellar shells which are too thick 
for the visible radiation to penetrate (their properties are dis- 
cussed elsewhere”). 

Observations of the OH maser radiation from OH127.8 were 
made between late 1978 and early 1980 with three single 
baseline interferometers of the Jodrell Bank telescope network, 
before the completion of the new Multi Telescope Radio Linked 


* Permanent address: Nicolaus Copernicus University, Gagarina 11, 87-100 Torun, Poland. 
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Fig.1 The 1,612 MHz OH spectrum of OH127.8. The bracketed 

velocity intervals a, b, c and d represent those ranges of velocity for 

which the spatial distribution of the maser emission has been 
determined (see Fig. 2). 


Interferometer (MTRLI)’ and as a prelude to its use as a line 
instrument. 

These observations of OH maser radiation form part of a 
larger programme of observations of several such objects using 
the MkIA-Knockin, the MkIA—Defford and the MkIA~MkIII 
interferometers respectively". On each occasion the usual radio 
link technique was used and the data were cross-correlated in 
the 1,024-channel digital spectrometer to give a 512 point 
cross-correlation spectrum in the manner described by Norris 
and Booth. 

The autocorrelation spectrum of OH127.8 is shown in Fig. 1. 
The special feature of this source is that the narrow spectral 
component at —65.7 kms”! was virtually unresolved on all 
baselines and could therefore be used as phase reference not 
only to correct the phase on all the other channels of the 
cross-correlation spectrum but also to combine the three sets of 
interferometer data. After combination and normalization the 
new data set was split into velocity intervals and a series of maps 
produced, each corresponding to a particular range of velocities 
in the masing gas. The procedure, described fully elsewhere" 
consisted essentially of Fourier inversion and cleaning’. 

Four of the maps are reproduced in Fig. 2a~d—they represent 
the spatial distribution of the masing gas in the velocity intervals 
a, b, c and d indicated in Fig. 1. Figure 2a is a map of the 
distribution of the OH gas with velocities close to the reference 
feature and in the range —65 to —66.5 km s~' (region a in Fig. 1). 
It shows that the material within this velocity interval is concen- 
trated in a small region of angular extent ~0.4 arcs and is 
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Fig.2 a-d, Maps of the spatial distribution of the integrated OH 

emission in the velocity intervals marked a to d respectively in 

Fig. 1. In each map the contour interval is 5% of the peak inte- 

grated emission in that velocity interval and the lowest contour 
is ~10%. 
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dominated by the -65.7 km s`’ component. Figure 2d shows 
the distribution of OH in the corresponding redshifted velocity 
interval (~43 to —43.7 km s~?) and is clearly similar in extent 
although slightly offset in position. 

Figure 2b, c shows maps of the weaker OH emission in 
veliocity regions closer to the stellar velocity (—62.2 to 
~64.7kms”* and —45.2 to —47.5 kms” respectively). Both 
have a similar annular form with angular diameter ~2 arcs. The 
map centres are the same in each case and correspond to the 
position of the reference feature. 

The distributions found are exactly those expected of a uni- 
formly expanding circumstellar shell? of OH. The strongest 


180° 


Fig. 3 A plot of the visibility phase (6) and 
amplitude (A) of the OH emission in the 
velocity range b of Fig. 1 together with the 
same data (solid line) derived from Fourier 
inversion of the map plotted in Fig. 2b. Base- 
lines, a, MkIA-MkIT; b, MkIA~Knockin: 
c, MkIA-Deffprd. 
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maser components have small angular diameters and are situ- 
ated close to the line of sight through the centre of the shell along. 
which the gain paths are largest, and the weaker emission 
delineates those portions of the shell where constant velocity 
path lengths along the line of sight will be shorter, giving lower 
maser gain. At the edges of the shell the velocity gradient is such 
that the line of sight emission is reduced to zero, 

Note that the spectrum of the source varied slightly in 
intensity between observations thus we could not be sure of the 
relative amplitudes to better than 10%. However, as the fits to 
the data were good, we believe that our normalization was 
correct; as an example, in Fig. 3 we show a plot of the data and 
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corresponding points produced by Fourier inverting the map of 
Fig. 2b. As an extra check on this effect, we varied the ampli- 
tudes by 10% on each baseline and repeated the fitting pro- 
cedures. In all cases, although the detailed distribution changed, 
the overall shell pattern remained, it being strongly dependent 
on the phase data which were always referenced to the 
unresolved point component at —65.7 kms. 

Assuming the uniformly expanding shell model”, the radius 
at which the line of sight component of the expansion velocity is 
v, a(v) is given by 


a(v)= R1- (v/v 7 


lea 


where v, is the expansion velocity and R the total shell radius. In 


the case of OH127.8, the expansion velocity (half the interval 
between OH peaks in Fig. 1) is ~11 kms. The rings of 
emission in Fig. 2b, c have mean velocity relative to the star of 
8.5 kms’ and angular diameter ~2 arcs. Thus the total shell 
angular diameter is ~3.1 arcs which corresponds to a linear 
diameter of 1.5 x 10°’ cm if we take the kinematic distance to 
the star to be 3.3 kpc’’. 

A technique used recently to determine the linear diameter of 
the OH shells surrounding long period variable stars’? involves 
careful observation of the OH variability when a phase 
difference can be observed in the light curve of the blueshifted 
emission from the nearside of the shell, relative to the redshifted 
emission from the far side. Assuming that the central star is the 
source of pump radiation, the OH emission from the entire shell 
should vary in unison and the observed phase lag represents the 
shell crossing time. Phase lag measurements by Jewell et al.” 
and Herman and Habing™ show that diameters, d, lie in the 
range 10'°°cm<d<10"* cm. Although these groups have not 
sufficiently monitored OH127.8 to obtain a definite phase lag 
result on this source, our value of diameter lies well within the 
range of measured values. 

The mass of the circumstellar shell and particularly the mass 
loss rate from long period variable stars are of great importance 
in understanding stellar evolution and the chemical composition 
of the interstellar gas. Observations of the circumstellar masers 
will provide information on the masses involved if the gas 
density in the shell can be determined. This involves a deter- 
mination of the OH column density through consideration of the 
brightness temperature of the maser, its degree of saturation and 
the efficiency of its pump mechanism, and an estimate of the 
abundance of OH relative to H. In the case of OH127.8, 
individual maser features are unresolved with our longest base- 
line and they may be as small as 30 m arcs (ref. 11). Thus their 
brightness temperatures are ~10’ K. An efficient 35-um IR 
pumping scheme for the masers in circumstellar envelopes has 
been developed by Elizur eral.’ and their calculations show that 
the 1,612 MHz transition is inverted and saturated for OH 
densities no,21cm™’. Brightness temperatures of ~10° are 
produced for OH column densities ~10'’ cm”, which agrees 
with our observations. A detailed model of the circumstellar OH 
abundance has been developed by Goldreich and Scoville'® who 
argue that nou= 1cm”, at a radius of ~10'°cm when the 
molecular hydrogen number density is ~2 x 10*cm™. This 
value, together with our measured linear diameter, gives a value 
of ~10°° Mz for the mass of the shell and a mass loss rate 
~8x 107° Me yr™'. Although such a mass loss rate is extremely 
high, it agrees well with rates derived for a sample of OH/IR 
stars from measurements of their IR properties, luminosity and 
dust shell opacities together with the outflow velocities”. 
Clearly, stars losing mass at these rates must be short-lived 
phenomena. 

Finally OH/IR stars generally have angular sizes which lie in 
the resolution range of the MTRLI and observations are already 
being made using this instrument. As well as measuring the 
detailed structure and mass loss rates of these fascinating 
objects, a combination of the angular size of their shells from 
interferometry and the direct (phase lag) measurement of their 
diameter will lead to valuable independent estimates of their 
distances. 
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Fragmentation of a 
meteor in near-Earth space 


M. A. Hapgood & P. Rothwell 


Department of Physics, The University, 
Southampton SO9 SNH, UK 


Fragments of a Perseid meteor, which broke up well above the 
Earth’s atmosphere, probably in collision with a dust particle in 
near Earth space, have been observed with a two-station low- 
light level television camera system. Three Perseid meteoroids, 
with apparent magnitudes between 2.0 and 3.5, arrived on near 
parallel trajectories within 1.3 s of each other on the morning of 
12 August 1977 (03.05.21-03.05.23 UT). The probability of 
these meteoroids arriving by chance so close together in time 
and direction is very small (~3 x 107"). Assuming the three 
meteoroids were fragments of a larger body, we show here that 
the parent meteor must have broken up at least 1,700 km above 
the Earth’s surface, well above the altitude at which meteoroids 
normally start to burn up in the Earth’s upper atmosphere 
(100-150 km). An estimate of the size of the parent meteor has 
been made from the observed magnitudes of these fragments. 
Assuming the parent meteoroid was spinning with an angular 
velocity between 100 and 1,000 rad s~*, an upper limit to the 
distance of breakup point from the Earth’s surface can be placed 
at between 7 x 10° and 7 x 10° km (0.004—-0.04 AU). We show 
here that the probabilities of collision and breakup of the parent 
Perseid with three classes of dust particle in near Earth space— 
interplanetary, magnetospheric and lunar ejecta—at the time of 
our observation in 1977, were ~3 x 107°, 3x 10° and 5x107 
respectively. We suggest therefore that if the Perseid parent 
comet (Swift-Tuttle) passes close to the Earth when it returns to 
perihelion in the next year or two, giving rise to a spectacular 
display of the Perseids, we should then be able to see many of 
these associated meteor events, and to study meteor collision 
with dust particles in near Earth space. 





Table 1 Meteor parameters 


Meteor 1 Meteor 2 Meteor 3 

Geocentric radiant: 

RA (a) 3h 26 min 3h 31 min 3h 19 min 

Dec (8) +53,7° +54,2° +53.8° 
Geocentric velocity 

(km s7') 59+2 5942 5643 
Apparent magnitude 2.0+0.5 2.10.5 3.50.5 
Magnitude at zenith 0.5 0.6 1.8 
Mass (107° kg) 13 12 4 
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The meteor observations were made with low-light level TV 
cameras and associated video recording equipment at two sites 
in the south of England; Southampton (50°50' N, 1°24’ W) and 
Harwell (51°35’N, 1°20’ W). An image isocon camera, with a 
30° x 23° field of view, was used at Southampton and a silicon 
intensified target (SIT) camera, with a 20° x 15° field of view, was 
used at Harwell. Both cameras looked west at a common volume 
centred above South Wales at a height of ~100km. Fifty 
pictures per second were recorded on video tape; these pictures 
could be played back slowly frame by frame. Typically a meteor 
appeared in ~10 successive frames. 

The positions in space of the three associated Perseids were 
determined by triangulation against the fixed star background 
using observations from the two sites. Figure 1 shows the 
variation of the altitude of the lower tip of the meteor trails with 
time; Fig. 2 shows the positions of the three trails projected onto 
the ground. The velocities and radiants of the three meteors are 
listed in Table 1; they all lie close to the mean Perseid values! 
(geocentric velocity 59.4kms™', geocentric radiant a= 
3h OS min, 6 = 57.4°). The error in the determination of each 
velocity is ~2 kms™'; the error in the position of one radiant 
relative to another is ~1°. The apparent magnitude of each 
meteor was determined by comparing its brightness with the 
brightness of stars in the field of view. The meteor magnitudes, 
corrected to the zenith’, are also listed in Table 1, together with 
the masses, estimated from the zenith magnitudes, following 
Hughes’. 

The three meteors arrived within a time interval of 1.3 s and 
on trajectories which were parallel to within 1°, that is, within a 
solid angle of ~10~° sr. In contrast the average meteor rate in 
the field of view of our cameras during the Perseid meteor 
shower was ~6 h`}; the radiants of these meteors were spread 
over a wide region of the sky ~ 12° across (solid angle ~0.15 sr). 
Thus. the probability of observing by chance three meteors 
arriving so close together in time and direction was ~3 x 10°". 

By combining the masses of the three meteors (see Table 1) 
we can estimate that the mass of the parent body was ~3 x 
1074 kg. If we assume that the parent body was roughly spherical 
and had a typical Perseid density* of 290 kg m™”° its radius was 
~6 mm. 

We can estimate the distance s from the Earth back to the 
breakup point since s = v? At/Av, where v is the mean velocity of 
the fragments, Av is their velocity dispersion and At is the time 
interval between the arrival of the fragments. The mean velocity 
{v = 58.5+1.3kms"') and the time interval (At = 1.30+0.02 s, 
see Fig. 1) are known quite accurately. However, the velocity 
dispersion Av lies within the errors of measurement so the error 
in the mean velocity sets an upper limit on Av. We take AY max tO 
be 2.6 kms”', which gives a value of the minimum distance to 
breakup point, Smin of 1,710 km. We can make a second and 
independent estimate of Smin from the observation that the 
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Fig. 1 The variation of meteor heights as a function of time. 


385 
ee. | Pn ana saa $2. 
Í | 
; T 
zi i Brecon o | 
"Oe ug | 
| Fd ed 
ope 1 | 
ec a a al Meteor 3 a- a 
OTT | 
E 
| , 
z Meteor 1 ge" Jsi so & 
i we i an 
i r" i Z 
i i G 
i f na 
l = 
| Merthyr Tydfil 
Meteor 2 gee > 
we 
| „5km, | 
| 
EERENS T ENEE EE LEES EENE E $1 40° 
* 40 330° 3 20° 
Longtitude {Westi 


Fig.2 The horizontal motion of the meteors, The position of each 

meteor is shown at time intervals of 20 ms (1 TV picture). The inset 

shows the area (shaded) of the main map and the positions of the 
two observing sites: Southampton (S) and Harwell (H). 


meteor fragments travelled on paths which were parallel to 
within the errors of measurement (1°) and were ~30 km apart at 
105-km altitude. Taking the maximum angle of dispersion 
between the trajectories to be 1° we obtain Smin = 1,720 km 
which agrees well with the value deduced from the velocity 
dispersion. This puts the fragmentation point outside the Earth’s 
atmosphere, thus a high velocity collision between the parent 
body and a small dust. particle would be the likely cause of 
fragmentation. | 

We can set an upper limit to the isea of the breakup point 
from the Earth if we can set a minimum value for the velocity 
dispersion of the fragments (AY min). In general we would expect 
a significant velocity dispersion to be generated by the collision. 
However, in the case of a collision with a small dust particle 
which is only just large enough to cause fragmentation, almost 
all the kinetic energy of the collision would be dissipated in 
breaking up the parent meteoroid. In such cases the only 
contribution to the velocity dispersion is that arising from the. 
rotation of the parent body. Thus we may put AU min œr wherew 
is the angular velocity of the parent body and r is its radius. — 
Theoretical studies indicate that meteoroid spin may be 
produced by collisions’ and by solar radiation effects“. These 
theories indicate that angular velocities of 100-1,000 rad s~’ 
may be achieved within the lifetime of the Perseid stream 
(~3,000 yr (ref. 7)). This implies a value for AY min in the range 
0.6-6 ms`™' giving a value Smas in the range 7-70 x 10° km 
(0.004-—0.04 AU). Thus we may conclude that the parent body 
broke up in space close to the Earth. 

The minimum mass of dust particle needed to fragment the 
parent body can be estimated from the results of the hyper- 
velocity impact experiments of Moore and Gault*®. They found 
that a body of mass M would be fragmented by the impact of a 
particle of mass m and relative velocity v kms™' when m > 
M/250 v’. If we apply this formula to the present case we find 
that a dust particle of minimum mass 3 x 107' kg would be 
required to give fragmentation. However, note that the hyper- 
velocity impact experiments from which the formula was 
derived were carried out on basalt targets with relative velocities 
up to 7kms™'. The use of the Moore and Gault? formula 
involves considerable extrapolation in velocity and assumes that 
the meteoroid material fragments in similar conditions to basalt. 

We may estimate the probability of observing a group of 
associated meteors by calculating the probability of the parent 
body suffering a collision. Dohnanyi’® has calculated the 
collisional lifetimes T.., of meteoroids in several meteor streams, 
with interplanetary dust particles, taking into account both the 
meteoroid cross-section and the number density of dust particles 
which are, according to Moore and Gault, large enough to 
cause fragmentation. He finds that, for the Perseids, T,= 
1.8x 10*M'” yr where M is the meteoroid mass in kg. Thus 
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with M = 3x 10°* kg, T,= 1,200 yr (4 x 10% s). The probability 
of collision with an interplanetary dust particle within 7 x 
10° km of the Earth, for a meteor of mass 3 x 10~* kg travelling 
at 58.5kms7', is ~3 x 107°. This is a small probability but still 
~ 10° times higher than the chance probability of three meteors 
arriving so close together in time and direction. 

Fechtig et al.’ have reported that the flux of dust particles in 
the mass range 10°'*-10°'* kg observed from the HEOS 2 
satellite within the Earth’s magnetosphere, is ~100 times 
greater than the flux in interplanetary space. If a similar 
enhancement exists for masses of ~10°'° kg, the collisional 
lifetime for a Perseid in this region would be reduced to ~4 x 
10° s. It takes ~1,000s for a Perseid to cross the magnetos- 
phere, thus the probability of a catastrophic collision with a 
magnetospheric dust particle is therefore ~3 x 10°, which is 
comparable with the probability of a collision with a dust particle 
in interplanetary space. 

Fechtig et al.'° also observed groups of particles from the 
HEOS 2 satellite which are believed to be high velocity ejecta 
from the impact of large meteoroids on the surface of the Moon. 
The flux of these particles was about one-tenth of the flux of dust 
particles in interplanetary space. During meteor showers the 
number of lunar ejecta increases. Alexander and Corbin" have 
calculated that the mass flux ejected from the lunar surface by 
the Perseid meteor shower is ~ 30 times that ejected by sporadic 
meteors. They have also shown that when the Moon is in the last 
quarter, a large percentage of the lunar ejecta are directed 
towards the Earth. At the time of our observation of 12 August 
1977, the lunar phase angle from full Moon was 146° (in the last 
quarter). The flux of lunar ejecta near the Earth may, therefore, 
have been about three times the interplanetary dust flux. If these 
ejecta particles are concentrated in a region comparable in size 
to the Moon’s orbit (4x 10°km) then the probability of a 
catastrophic collision with a lunar ejecta particle is ~5 x 107. 

The three Perseid meteors we observed ablating in the Earth’s 
atmosphere, closely associated in space and time, are likely to be 
fragments of a larger Perseid meteoroid of mass 3 x 10°* kg 
which broke up between 1,700 and 7 x 10° km from the Earth’s 
surface. The probability P, that they are fragments from a single 
meteor colliding with a dust particle in interplanetary space is 
~ 10° times greater than the probability of a random association 
between the three meteors. The probability P, that the parent 
Perseid collided with a dust particle in the higher density dust 
environment of the Earth’s magnetosphere is comparable with 
P,. The probability P, that the parent Perseid collided with a 
moon dust particle ejected when the Moon was bombarded with 
meteors from the Perseid shower, is ~one-sixth of P,. 

If the Perseid broke up on collision with a dust particle we 
were lucky to observe this event. The chance of an individual 
meteor breaking up close to the Earth was of the order of a few 
in a million and we recorded less than 100 meteors during the 
1977 Perseid meteor shower. During spectacular displays of 
meteors, when the parent comet passes close to the Earth, the 
meteor rate can rise by two or three orders of magnitude. The 
dust population in the magnetosphere and the density of lunar 
ejecta in near Earth space should rise and the chance of an 
individual meteoroid breaking up close to Earth on collision 
with a dust particle could increase up to a few in a thousand. In 
this case several events of the type we have described could be 
observed during the meteor display. The parent comet of the 
Perseid meteor stream (Swift-Tuttle, 1862 III) is expected to 
return to perihelion sometime in the next year or two. There has 
been speculation that the passage of the comet may give rise toa 
spectacular Perseid display. We may then be able to make 
further studies on the breakup of Perseid meteors in near Earth 
space. 

We thank Dr O. Royrvik for observational assistance and Dr 
J. V. Jelley for use of his observing site at Harwell. 
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Atomic motion on the 
surface of a 
cadmium telluride single crystal 
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Cadmium telluride (CdTe) is an interesting semiconductor 
compound whose photoelectronic properties make it suitable 
for solar cell applications. We report here a study of defects in 
CdTe, carried out by lattice resolution imaging in a transmission 
electron microscope (TEM), during which observations were 
made of the motion of image spots at the edge of a specimen. As 
the spots are related to the projected atomic positions in the 
structure, this behaviour indicates atomic motion at the CdTe 
surface. Individual spot jumps occurred several times per second 
and one could watch the formation and decay of small crystalline 
facets. The possibility thus arises for surface studies, at the 
atomic level, in conjunction with direct crystal lattice imaging, 
allowing investigation of the interaction between surface atoms 
and their substrate. = 

CdTe has the zinc blende structure which is best imaged by 
high-resolution TEM with a (110) direction parallel to the 
electron beam. The projection of the structure in this orientation 
is shown in Fig. 1a. Adjacent columns of cadmium and tellurium 
atoms are separated by 1.6A, but their resolution is only 
achieved in very restrictive experimental circumstances'*. More 
commonly, bright spots are seen in the image (for example, Fig. 
ib), the distribution of which corresponds to the arrangement of 
the projected lattice points. Such images are consistent with 
comparable images of elemental germanium and silicon which 
have the related diamond cubic structure”. Theoretical image 
calculations, discussed later, establish the relationship between 
image spots and the crystal structure. 

Microscopy was performed using a Philips EM400 TEM 
equipped with a high-magnification objective lens (C, = 1.1 mm 
at 120 kV) and a LaB, electron source. This lens has no tilting 
capability. Therefore the single crystals were sectioned as 
closely as possible to the desired orientation. Thin foils were 
obtained by standard ion-milling procedures. A region of the 
specimen close to the perfect 110 zone axis orientation was 
found by translating the specimen in the microscope. The 
present images were taken by allowing 36 beams through the 
objective aperture (Fig. 1c) although the observations have 
been repeated with seven beam images. The magnification was 
x800,000, with typical exposure times of about 1 s. 

In these experimental conditions, it was found that after an 
initial incubation period the single-crystal specimen 
deteriorated by the nucleation of new, small crystallites, 
apparently on the surfaces of the parent crystal. The deteriora- 
tion time varied from one specimen to another and was typically 
several hours. Close examination of the specimen edge revealed 
that individual bright spots were moving about by a random 
jump process. Jumps occurred several times per second, usually 
by a distance equal to the atomic column separation. Not all 
edge spots were moving simultaneously; rather one or two 
would be moving back and forth along a crystal facet. 
Unfortunately the time both for transporting photographic 
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Fig. 1 a, Projection of the CdTe structure in the (110) orien- 

tation. b, Typical structure image of CdTe (atoms unresolved), with 

the unit cell outlined. c, Electron diffraction pattern showing the 
reflections used in image formation. 


plates into position and for exposing the film was too long to 
allow the motion of an individual spot to be studied extensively. 
The jump rate could not be reduced to an acceptable level, for 
instance through decreasing the incident electron beam current 
density by defocusing the microscope condenser lens. 

The motion of the surface spots is demonstrated here by the 
appearance of the specimen after intervals of several minutes. 
Thus it can be seen in Fig. 2 that the shape changes noticeably 
with time, although the crystal structure of the interior is always 
maintained. The general impression was that small facets were 
produced, the longer ones being parallel to {111}-type planes. 
The bright spots at the edge move from one lattice site to 
another. When they become incorporated into the crystal, they 
extend it and the image is indistinguishable from the perfect 
crystal image. These observations, therefore, seem to indicate 
that atomic motion is occurring along the edge of the specimen, 
and probably across all surfaces. Those atoms which move on 
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the surface normal to the electron beam will coincide exactly 
with the underlying atomic columns if tetrahedral coordination 
is to be maintained. Therefore one would not detect directly 
motion of these latter atoms. 

To interpret the image-spot motion the relationship between 
the image and the CdTe crystal structure must be understood. 
As the image comprises bright spots, the specimen must have 
finite thickness. Image calculations’ indicate that the thickness is 
probably in the range 40-100 A. Furthermore, to detect a bright 
image spot an atomic column of at least several unit cells is 
necessary. Thus the spots at the specimen edge do not arise from 
single atoms nor from single CdTe molecules but rather from a 
significant column of atoms probably of dimension similar to 
that of the adjacent bulk crystal. The movement of spots 
represents coordinated motion of a whole or partial atomic 
column but not the jumping of single atoms. For the observation 
to be made, the number of atoms that move must be sufficient to 
produce a detectable image spot. In the present case this is 
thought to be a column of about five atoms (~20 A long). 

The image spots may coincide with three positions in the 
projected structure depending on the particular combination of 
the experimental variables of microscope defocus, spherical 
aberration coefficient and specimen thickness’. These positions 
are at the open channels in the structure, at the position of one 
species or at the midway point between the closest Cd-Te 
atomic columns. (Only the first and last occur in images of Ge 
and Sif.) However, the image spot motion is independent of its 
exact position. Thus the jump of the Cd-Te molecule ‘A’ in Fig. 
3 would be seen as a spot moving whether the spot coincides with 
the molecule, one atom, or the adjacent column. The argument 
also holds for other possible migration mechanisms indicated in 
Fig. 3. Distinction of the various mechanisms would require 
quantitative measurements of the intensity of particular image 
spots, at known focus settings, including careful image recording 
by a television system. 

The driving force for the present behaviour is presumably 
reduction in total surface area. Using a simple formulation for 
atomic jump frequency (vo exp— Q/kT), it is found either that 
the activation energy (Q) for the present observations is 0.8 eV 
if they occur at room temperature, or that the specimen 
temperature is ~110 °C if the activation energy is assumed to be 
the sublimation energy of CdTe (1.03 eV)’. The latter is thought 
to represent the present situation. Thus, the observations are 
only made after the specimen temperature rises sufficiently due 
to heating by the incident electron beam. As exposure 
continues, the motion becomes more rapid with more drastic 
specimen deterioration. Variation between specimens arises 
from their exact geometry and from the degree of contact 
between the specimens and a supporting metal grid. Complete 
isolation of the CdTe is found to result in extremely rapid 
specimen destruction. The slow response of the jump rate on 
reducing the beam current density indicates that the atomic 
motion is not assisted by direct electron—atom collisions (the 
electron energy is well below the threshold for Cd or Te dis- 
placement) or by ionization effects, and probably arises from a 
sluggish heat dissipation from the active area. A more sophisti- 
cated analysis would need to take into account the mechanism of 
coordinated atomic column motion. 

Whether these results are confined to CdTe or represent a 
more general phenomenon, previously undetected, remains to 
be seen. Certainly the absence of a specimen contamination film 
in the present work is a factor contributing to the observations. 
CdTe has the lowest sublimation energy of the common semi- 
conducting materials’. If the present ideas are correct then 
equivalent observations may be made on other similar solids if 
higher temperatures are achieved. For example, jump frequen- 
cies several times per second would be expected at 600 °C for 
silicon (Q =2.32 eV), 340°C for gallium arsenide (Q = 
1.63 eV) and 260°C for cadmium sulphide (Q = 1.42 eV)’. In 
situ specimen heating, together with lattice resolution, would be 
necessary to detect these phenomena which should soon be 
possible on commercial TEMs. 
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Direct investigations of atomic motion by electron micros- 
copy have previously only been made without imaging the 
substrate. Scanning transmission microscopy results of heavy- 
metal atoms on amorphous carbon*” are well known, with 
complementary reports using fixed-beam TEM by dark field” 
or bright-field imaging of atoms on graphite''. Field-ion 
microscopy allows the imaging of both surface and substrate '*"** 
albeit of limited areas on a restricted number of materials. The 
present observations are thought to be the first using fixed-beam 
TEM, combining direct imaging of the moving species with the 
crystal structure of the parent material. However, unlike these 
other studies, they represent motion of a small group of atoms, 
by an undetermined mechanism, rather than of single atomic 
jumps. 

The observations reported here have been interpreted as 
representing the migration of atomic columns (comprising at 
least five atoms and probably more) due to thermal activation 
induced by beam heating. A more detailed description of the 
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Fig. 3 Schematic model of possible mechanisms for surface 
atomic migration in CdTe. 





Fig.2 Series of structure images of the same 
region near the specimen edge taken several 
minutes apart. The stacking fault (arrowed in 
b) can be used as a reference mark for each 
photograph. The specimen shape and its spot 
distribution change noticeably with time. 


mechanism of this behaviour requires more rapid recording (for 
example, at television rate), extensive image calculations relat- 
ing spot brightness to column thickness and a more extensive 
theoretical model of coordinated atomic jumps. Although this 
work is preliminary it has important implications. Thus with 
careful experimentation it should be possible to study directly 
self-migration on CdTe and determine the associated atomic 
mechanisms. If, as we suspect, the observations are not confined 
to CdTe, then atomic motion studies on this important class of 
materials are feasible. Finally, other surface-related phenomena 
may also be investigated, for example, the action of foreign 
species (such as metal atoms) and the influence of crystallo- 
graphy and crystal defects on the atomic behaviour. Such 
experiments would provide important information for under- 
standing how the surfaces of such solids may influence their 
properties and their technological applications. 

Financial support from the Alfred P. Sloan Foundation (R.S.), 
Xerox Corporation (T.Y.), Basic Energy Sciences Division of 
DOE (F.A.P.) and the NSF (equipment grant) is gratefully 
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Dolomite, CaMg(CQO,),, which belongs to the rhombohedral 
group of carbonates, is an important mineral commonly found in 
sedimentary and metamorphic environments. Ideally, it has an 
ordered trigonal structure (R3) with planes containing atoms of 
only Ca, or only Mg, alternating and being interleaved with the 
planes containing the carbonate groups. All these planes are 
perpendicular to the 3-fold axis. As the microstructural defor- 
mation observed in many natural dolomites of low and medium 
metamorphic grade could provide an insight into the geological 
history, attention has recently been directed to electron micro- 
scope studies'* of the mineral. Unfortunately, at a typical 
accelerating voltage of 100 kV, dolomite is highly susceptible to 
damage by the electron beam, whereas, at a voltage of 1 MV, 
little electron damage is noticeable’. We report here obser- 
vations of dolomite with the Cambridge University 600-kV 
high-resolution electron microscope**. Although electron beam 
damage is still observed at the intermediate operating voltages 
of this microscope, it has been possible, with care, to resolve 
directly details of crystal lattices in two dimensions. Thus, direct 
confirmation has been obtained of postulated models for the 
common types of stacking faults observed in dolomite. 

Much of the recent interest in dolomite stems from three 
observations: 

(1) Single crystals of stoichiometric dolomite exhibit an 
unusual increase in mechanical strength with temperature up to 
~800 °C (refs 7, 2, 4), which seems to be a consequence of the 
detailed atomic displacements accompanying dislocation 
motion through the ordered structure. 

(2) Attempts to synthesize dolomite in conditions similar to 
those in which sedimentary dolomites seem to have formed have 
failed*’. Moreover, although the ordered phase is more stable 
than disordered dolomite, the latter can exist for geologically 
long times. ‘Geologically young’ dolomites are mostly imper- 
fectly ordered and calcium rich; embryonic analogues of the 
abundant, more perfect dolomites found in old environments 
have not been discovered. 

(3) Recent work has shown that local disorder can be 
produced in near-perfect single crystal dolomite by slip on 
the (0001)? and {0112} planes*. X-ray structure refinements on 
Eugui dolomite which was thermally disordered and then 
quenched in a laboratory experiment indicate'’, however, that 
other forms of disorder also occur in which some of the carbo- 
nate groups (which should ideally be oriented at 180° about the 
3-fold axis with respect to the groups in adjacent carbonate 
planes) are misoriented by 180°. In addition, electron micros- 
copy of non-stoichiometric sedimentary dolomites'' has shown 
the existence of a new type of superstructure which effectively 
doubles the length of the a axis. 

All these observations indicate the value of gaining direct 
information about types of disorder in dolomite. An obvious 
approach would involve lattice imaging techniques with a high- 
resolution electron microscope although, as mentioned above, 
dolomite is considerably electron sensitive because of local 
heating and ionization damage caused by the electron beam. 
Indeed, previous efforts at 100 kV have barely resolved the 
0.54-nm (0003) lattice fringes in one-dimension only’’. 
However, results have been improved by raising the beam 
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energy, which effects an appreciable decrease in the sensitivity 
of dolomite to beam damage, and by applying a variation of the 
so-called ‘minimal exposure technique’ whereby tilting of the 
dolomite crystal to the required orientation is done using a 
focused beam of very low intensity on a small area of crystal. 
After focusing and correction oi astigmatism, images are re- 
corded of crystal defects and other interesting morphological 
features in nearby areas, previously unexposed to the intense 
electron beam. Local bending of ihe crystal lattice sometimes 
occurred but accurate alignment of the crystal normal! and the 
zone axis projection was generally retained so that two-dimen- 
sional crystal structure images could be obtained. 

The two-dimensional lattice image in Fig. 1 shows stacking 
faults produced by slip on the {1012, planes in a single crystal of 
a stoichiometric and fairly pure délomite (Eugui) which was 
experimentally deformed at 20 °C under a confining pressure of 
0.7 GPa. The electron beam is exactly parallel to a (1011) zone 
axis, as indicated by the selected area diffraction pattern. Two 
sets of {1101} and one set of {1012} lettice planes are resolved, 
with spacings of 0.40 and 0.37 nm respectively. 

Figure 2a shows the structure image of a thin crystal of the 
same Eugui dolomite which was experimentally deformed at 
420°C under confining pressure in an orientation which 
promoted slip on the (0001) planes. In this case the electron 
beam is exactly parallel to a (1120) ditection. {1101}, {1012}, 
{1014} and (0003) planes are parallel to the beam, as can be seen 
from Fig. 2b, which shows the atomic stricture when viewed in 
this projection. The orientations of the carbonate groups, whose 
planes are strictly normal to the projecticn plane, are given by 
black triangles in this representation. A basal stacking fault, 
which results from slip on the (0001) (1210) macroscopic 
system, appears in Fig. 2a. The fault is apparently bounded by 
1/3[1100] partial dislocations, as previously deduced from 
diffraction contrast experiments’ *, but it is broader in the (0001) 





Fig. 1 Lattice image from a moderately thick crystal of dilomite 

in a (1101) projection showing a series of deformation-induced 

planar stacking faults on the {1102} planes, together wth the 

corresponding electron diffraction pattern (inset). The lattice 

planes imaged are (1011), (1102) and (0111); the faults to not 
produce apparent offsets of these planes. 
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Fig. 2 a, Sructure image of a thin crystal of dolomite taken in a 
(1120) proection; the 0.534-nm (0003) basal plane spacing is 
indicated. 4 deformation-induced basal stacking fault is visible. 
Confirmatdn of postulated models for such stacking faults are 
directly obainable. b, Representation of a section through a {1120} 
plane of délomite, showing alternating layers of Ca and Mg atoms, 
separated by planes of CO, groups parallel to the basal planes 
(0001). Tie plane of each CO; group is actually exactly parallel to 
(0001) bit small (tilted) triangles are used to denote the 180° 

rotation between groups in adjacent planes. 


direction than might be expected from elementary considera- 
tions. A nore complete analysis and interpretation of (0001) 
and {1012} stacking faults will be presented elsewhere. The 
disparityin cation sizes is apparent in the structure image of Fig. 
2a, althaigh, as might be expected, the carbonate groups are not 
seen in cetail. 
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Clearly, high-voltage, high-resolution electron microscopy is 
a technique well suited to analysis of order/disorder problems in 
dolomite. Furthermore, use of this method is expected to add 
greatly to our knowledge of defect structures in non-stoichio- 
metric and disordered specimens of other carbonates. Sequen- 
tial images of dolomite which has undergone prolonged electron 
irradiation have also been obtained, from which it is believed 
that the nature of the electron damage process will be 
established. Our preliminary results suggest that the damage 
propagates along preferred crystallographic directions in com- 
mon with earlier observations of phthalocyanines’*. This 
damage ultimately leads to the decomposition of the carbonate 
to the oxides, as with calcite’*"®, 

The Cambridge University 600-kV high-resolution electron 
microscope has been built as a joint project between the 
Cavendish Laboratory and the Department of Engineering with 
major financial support from the SRC. We thank the latter for 
continuing support, R. A. Camps for assistance with preparation 
of the microscope and H. C. Heard, R. J. Reeder and H. R. 
Wenk for provision of samples and valuable discussions. 
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One of the most important but least understood regions of 
oceans and lakes is the near-surface zone. Exchanges of energy 
and momentum between the atmosphere and the waters below 
are controlled by turbulent mixing processes in the surface zone. 
Major advances in understanding these processes have been 
hampered by a lack of observations of turbulence near the 
surface. We have recently constructed a probe which can be used 
to estimate an important variable in theories of turbulence, the 
rate at which the kinetic energy of turbulence is dissipated, and 
have found a surprising though simple result: to a first approxi- 
mation, scaling laws devised to describe dissipation in the 
atmospheric boundary layer may also be applicable in the water 
near the surface. 

The probe is a miniaturized version of a high-frequency 
temperature profiler used previously in upper ocean studies’. 
The probe body is a 2.5-cm diameter cylinder, 70-cm long, 
containing thermistor amplifiers and a pressure transducer. A 
toroidal buoyancy element 10 cm in diameter and 25-cm long 
jackets the upper probe body, and a vented drag plate 30-cm in 
diameter is attached to the rear. The probe is slightly buoyant in 
water and has a large static stability. A thermistor with a 
frequency response correctable to 30 Hz is mounted on the nose 
of the probe. Ballast is attached with a pressure-sensitive release 
mechanism so that after launching, the probe sinks to a pre- 
determined depth, releases ballast and rises to the surface at 
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10 cm s~'. The probe is launched from a small boat, and typically 
rises 15-20 m away from the launch point, so that water sampled 
by the probe is unaffected by the boat. 

Estimating the dissipation rate from high-frequency tem- 
perature measurements depends on finding the wavenumber 
(inverse length scale) of the smallest appreciable temperature 
fluctuations™*. Briefly, the method assumes a competition 
between the tendency of turbulent stirring to increase tempera- 
ture gradients and the tendency of molecular diffusion to smooth 
gradients. The wavenumber at which diffusion can overcome 
stirring and homogenize the fluid, the Batchelor wavenumber 
ks, is a function of the kinetic energy dissipation rate per unit 
mass, £: kp = (er DP, where v is the kinematic viscosity 
and D the molecular diffusivity for temperature. Wavenumber 
spectra are calculated from temperature-gradient fluctuations, 
and by least-squares fitting to the Batchelor spectrum, kp 
and hence « may be found. 

The validity of the method has been tested in the nepheloid 
layer near the ocean floor. Measurement of the stress on the 
ocean floor due to near-bottom currents’ enables the depen- 
dence of the kinetic energy dissipation rate on height above the 
floor to be predicted. Simultaneous measurement of the 
temperature microstructure was made and the Batchelor scale 
method was used to calculate the dissipation rate above the 
ocean bottom®’. Comparison of the measurement with the 
prediction yields excellent agreement’. 

Measurements were made in Green Peter Reservoir, a small 
impoundment east of Corvallis, Oregon. The launch site had an 
unobstructed fetch of 3km over water, and the depth at 
anchorage was 50 m. During the experiment, winds averaged 
4.8 ms™'. Surface waves averaged 10-20 cm in height, and 
occasional white-capping was observed. The temperature 
profile (Fig. 1) displayed an active surface mixing layer to 6 m in 
depth. A strong seasonal thermocline was at 7 m., 

Nine casts were made through the mixing layer, and tempera- 
ture gradient spectra were computed over 50-cm segments of 
water. From the surface to 1-m depth, the turbulence was so 
intense that the frequency response of the thermistor was 
insufficient to resolve the smallest length scales on half of the 
segments, and so the dissipation rate could not be reliably 
resolved; in these cases, we underestimate the dissipation by 
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Fig. 1 Temperature (right) and temperature gradient (left) 
profiles for a single cast in the near-surface layer at Green Peter 
Reservoir, 24 July 1980. Thermocline is at 6-m depth. 
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Fig. 2 Kinetic energy dissipation rate per unit mass in the near- 
surface layer (@). Error bars are the standard error of the mean. 
Solid line is (r/p)*/*« “'Z~! calculated from mean winds, dotted | 
lines are (r/p)>/2« ~'Z~' calculated from highest and lowest winds. 
Dissipation falls dramatically in the thermocline at 6 m. 


setting it equal to the largest resolvable value. Below the first 
metre, the dissipation rate decreases, and was resolvable on 
90% of the segments. At the base of the layer, the dissipation 
rapidly falls by an order of magnitude. Averages of the dis- 
Sipation over the nine casts were calculated in 1-m intervals 
(Fig. 2). 

No detailed theoretical framework for understanding turbu- 
lence in a wind driven surface mixed layer has yet received wide 
acceptance. Attempts at detailed modelling have been made‘ 
but the complexities of possible interactions of wind, waves, 
breaking waves and spray, as well as the lack of near-surface 
observations, have kept most theories of the aquatic mixed layer 
at a primitive level. In contrast, the theory of the atmospheric 
boundary layer has been well developed"’. It is tempting to 
ignore the complex nature of the air-sea interaction and apply to 
the aquatic mixed layer the same framework which holds on the 
atmospheric side of the boundary. The atmospheric boundary 
layer prediction in an unstratified flow for variation of dis- 
sipation rate with distance Z from the boundary" is ¢ = 
(7/p) °K ZT, where x is the von Karman constant and p the 
water density. Calculating the surface stress during our 
measurements by the drag law 7 = p,C,U” (p, is the air density, 
Cp (ref. 12) is the drag coefficient with value 1.3 x 107°, and U is 
the mean wind speed at a height of 5 m), we find remarkably 
close agreement with the atmospheric boundary-layer predic- 
tion. A least-squares fit to the form «=AZ" yields n= 
~1.03+0.05. Within experimental error, the dissipation is 
inversely proportional to the depth. Testing the magnitude of 
the dissipation, we find the average value A=¢eZ = 
0.51 +0.09 cm’ s~* which is within experimental error of the 
independently measured value (r/p¥ r =0.53 cm s, 
Exhaustive measurements of £ will be required to determine 
whether or not the atmospheric boundary layer prediction holds 
to more than a first approximation. 

It has been suggested’*"'* that the near-surface layer may 
exhibit some of the properties of a constant-stress layer, but the 
experimental evidence has been too fragmentary to draw firm 
conclusions. It is premature to suggest that the scaling will hold 
at all times. At large wind speeds, vigorously breaking surface 
waves may be an important source of turbulence, and have 
scaling laws different from the case of small waves and low 
winds. 

This work was supported by the NSF under contracts OCE 
7825667 and OCE 8018444, the Office of Naval Research 
under contract ONR 00014-79-C-0004, and the Oregon State 
University School of Oceanography Summer Work Program. 
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The phenomenon of geomagnetically-induced currents in long 
conductors has been recognized since the mid-nineteenth 
century, when the use of the telegraph became prevalent in 
North America and Europe’. Powering systems of telegraph 
and felephone cables are now engineered to eliminate large 
current surges, although the occasional significant geomagnetic 
disturbance, such as those produced by the February 1958’, 
August 1972° flare events, can still be a problem. However, 
induced voltages can be used, with complementary geophysical 
and geological data, to deduce features of the Earth’s crust and 
upper mantle’*"*, Improved scientific understanding of mag- 
netospheric phenomena means that the geomagnetic induction 
process in long conductors, and thus in the Earth are better 
understood. For example, the cable outage problem associated 
with the August 1972 geomagnetic storm interval was qualita- 
tively attributed not to the ‘line’ currents associated with normal 
auroral current systems but rather to the significant enhanced 
currents flowing on the magnetosphere boundary at the time of 
an extreme compression of this boundary in greatly enhanced 
solar wind conditions’. We have measured the geomagnetic 
induction phenomenon on modern-day long cables to get better 
assessments of the induced currents in various types of 
geomagnetic variations. Our initial work was concerned with 
induction in the transatlantic telecommunications cable no. 6 
(TAT-6) which is laid between Green Hill, Rhode Island 
(41.4° N, 71.7° W geographic) and St Hilaire de Riez, France 
(46.7° N, 1.9° W)*. We concentrate quantitatively here on 
induction by the solar-induced quiet day currents (S,) in the 
ionosphere and find that calculated values agree well with 
observed values of S, 

The solid line in Fig. 1 shows the approximate route of the 
TAT-6 cable across the North Atlantic (length 6,300 km}. This 
cable is powered at both Green Hill and St Hilaire by constant 
current power supplies with opposite polarity at each end 
producing a current flow from west to east through the cable and 
repeaters’. These repeaters are spaced approximately every 
10 km along the route of the cable’. The cable is biased at a 
nominal 5,200 V positive with respect to local ground in North 
America and 5,200 V negative with respect to local ground at St 
Hilaire with a maximum capability of 7,500 V from each supply. 
The present measurements from the Green Hill terminal moni- 
tored the geomagnetically-induced currents in the powered 
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Fig. 1 Approximate location of TAT-6 cable across the North 
Atlantic (solid line). Model cable path (dashed line). 


centre conductor by measuring changes in the conductor to local 
ground voltage. The voltage drop to ground at St Hilaire was not 
monitored in these first tests, but will be investigated in future 
work. To a first order, induction in the cable may be expected to 
produce equal and opposite voltage changes at the two ends of 
the system. 

The constant current flow (nominal 657 mA) along the centre 
conductor can be pictured as coming from two sources at each 
cable end: one being the active power supply and the other the 
induced voltage produced by the rate of change with time of the 
geomagnetic field across the cable circuit. Thus, a measure of the 
time dependence of the externally-induced currents can be 
obtained by measuring the changes in the output voltage of the 
constant current power supply. The total d.c. resistance of the 
centre conductor and repeaters (under power) is ~16 KO. The 
time constant of the conductor produced by the distributed cable 
capacitance and the resistance (end to end) is ~10 s. The dashed 
line in Fig. 1 shows the model cable path that was taken for the 
modelling of the S, field in the calculations discussed below. 

In addition to monitoring the cable power supply voltage, the 
Earth’s magnetic field in three geomagnetic components (H 
(north-south), D (east-west), Z (vertical)) was measured at 
Green Hill between 1 and 18 May 1980. The cable voltage data 
and the magnetometer data were individually recorded on 
magnetic tape using a microprocessor-based low-power digital 
data acquisition system with 15-bit resolution. The three 
components of the magnetic field and the voltage data were 
digitized at 2-s intervals. Timing (absolute and relative) was 
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Fig. 2. Average of five quiet day magnetic field variations (solid 
line). Calculated magnetic field variations produced by S, iono- 
spheric current systems (dashed line). 
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accurate in each data system to better than 1 s during the period 
of the measurements. 

The time during which the cable measurements were made 
was relatively quiet geomagnetically®. Five of the most quiet 
days were selected to represent the S, variation measured at 
Green Hill. These days, and their daily sum global geomagnetic 
activity indices 2K, were: 3 May, —6; 4 May, —9; 5 May, —14; 
17 May, +5; 18 May, —8. The averages of these five quiet days in 
the three magnetic field components measured at Green Hill are 
shown as solid lines in Fig. 2. These averages are obtained from 
the hourly mean values. The time dependences during a day 
show typical S, patterns for this geomagnetic latitude, except for 
the local morning intervals in the H- and Z-components. 

The dashed lines in Fig. 2 show the computed S, curves 
expected on the basis of the spherical harmonic analysis of the 
potential for the daily variation by Chapman and Bartels’. We 
used the harmonic coefficients of Matsushita?’ for location B on 
the model cable path in Fig. 1. The fit of the calculated S, 
patterns using location B is quite good in the east-west 
component but is not good for the local morning observations in 
either the north-south or the vertical components. In addition, 
the magnitude of the S, variation observed in the local afternoon 
in the north-south component is about a factor of two larger 
than that predicted by the model S, calculations. These dis- 
agreements in the north-south and vertical components are 
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Fig.3 Average of cable voltage variation for the five geomagnetic 
quiet days (solid line). Calculated induced voltage from all three 
magnetic components produced by S, current system (dashed line). 
Calculated induced voltage from the horizontal magnetic 
component produced by S, current system (dot-dashed line). 


partially due to the closeness of the measurement site (~3 km) 
to the North Atlantic Ocean as well as to uncertainties in the 
spherical harmonic coefficients used in the S, calculations. Note 
that data (not shown here) from our magnetometer station at 
Durham, New Hampshire, (44° N, 72° W geographic), located 
'~30-35km from the ocean, show better agreement in the 
north-south component for the local morning S, variations than 
do the Green Hill data. 

The solid line in Fig. 3 shows the measured average variation 
of the cable voltage as a function of local time for the same five 
days as the magnetic field data of Fig. 2. This average was made 
using the hourly mean values and computing from them the five 
day average, in the same manner as was done for the S, curves of 
Fig. 2. The relative expected induced voltage from induction by 
the S, current system was modelled by considering the universal 
time (UT) change in the instantaneous S, magnetic field pattern 
observed across the cable. To simplify the analysis, the S, 
patterns at six locations (A-F in Fig. 1) were used for each hour 
of UT; the time derivative of the S, magnetic field pattern was 
calculated at each of the six points. These six voltages (V = 
—d(B)/dt, where = B - nA is the magnetic flux through the 
surface $ with area A) were averaged to represent the induced 
voltage across the cable at a given time. This induced voltage is 
of opposite polarity to the measured voltage. These calculated 
relative voltages (with changed signs) are superimposed on the 
measured voltage in Fig. 3. The dashed line is the calculated 
relative induction considering the total magnetic field changes 
from the S, magnetic field pattern in all three components; that 
is, the total field contribution. The dot-dashed line is the cal- 
culated relative voltage considering only the horizontal 
component. The relative behaviour of this former calculated 
profile is a reasonably good approximation (with a 1- to 2-h 


phase shift) to the observed voltage. (Induction currents from 
possible tidal*’*'*'* and ocean current’? effects are not con- 
sidered important for this work”""’.) A better agreement in terms 
of phase is obtained by assuming that the induction process that 
changes the Green Hill voltage occurs closer to the Green Hill 
end, rather than along the entire length of cable. Calculations of 
the $, voltage pattern from points A-D (Fig. 1) show no phase 
shift. Physical understanding of this effect could be obtained by 
simultaneous measurements at both Green Hill and St Hilaire. 

It is not possible to compare the magnitudes of the calculated 
voltage values with the observed S, induced voltage without 
making some assumption as to the area of the Earth through 
which the induction process operates. An approximate equality 
between the relative calculated amplitudes and the observed 
induced voltage (~5 V) from the S, pattern would imply an area 
of ~10'* m? influenced by the induction. 

Future work on induction by shorter-period geomagnetic 
variations should result in a better understanding of the 
geomagnetic induction phenomenon in varying geomagnetic 
conditions as well as at the different Earth locations over which a 
cable is laid. 

We thank S. T. Brewer, B. H. Hamilton, and G. R. Ostby for 
advice and technical assistance, also G. Hailey and R. Foran for 
their support and help with our instrumentation at the Green 
Hill Terminal, and H. Wilhelmsen for his careful reading of the 
manuscript. 
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The city of Herculaneum was burried under 20 m of pyroclastic 
deposits during the AD 79 eruption of Vesuvius, whose crater is 
only 7 km to the east. These deposits have been interpreted as 
the deposits of mudfiows' or hot pyroclastic flows’*. Maury’s 
studies’ of incinerated wood in Herculaneum demonstrate 
heating to at least 400°C. We have studied the variation of 
remanent magnetism with temperature for specimens taken 
from the deposits, including specimens of the matrix material 
and of embedded lithic fragments. We conclude that the 
temperature of the deposit at emplacement is unlikely to have 
been greater than 400°C, which further supports the inter- 
pretation of the pyroclastic deposits at Herculaneum as largely 
ignimbrites (hot pyroclastic flow deposits). 

Ten oriented drill-core samples were collected from an 
excavation wall in the pyroclastic flow deposits at the western 
end of Herculaneum. The unit sampled is typical of the deposits 
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Fig. 1. Palaeomagnetic directions of pyroclastic samples from 
Herculaneum plotted on segments of equal-area projections. 
a, NRM directions; 6, A components in lithic clast samples 
(@) and 400°C thermally demagnetized NRM of matrix samples 
(A); c, B components in lithic clasts (closed symbols on lower, open 
symbols on upper hemisphere of projection). Present geomagnetic 
field direction at sampling locality is dec = 359°; inc = 55°. 


which bury the town and appears homogeneous and unstratified, 
consisting of a poorly sorted consolidated mixture of ash and 
' pumice with local occurrences of angular lithic fragments of 
older volcanic rocks, limestone and brick. The volcanological 
stratigraphy at Herculaneum is detailed in ref. 7. The ash and 
pumaceous matrix is represented by samples H1 to H4; a variety 
of lithic fragments in addition to a large piece of light-coloured 
pumice, all between 10 and 20cm in largest dimension, are 
represented by samples H5 to H10 (Table 1). The samples were 
taken over a stratigraphic interval of ~2 m, starting ~1m 
above the excavation floor. 





Most of the directions of the sample natural remanent 
magnetization (NRM) (Fig. 1a) group near to the present 
geomagnetic field for the site locality but four of the six samples 
of lithic fragments give divergent and scattered directions. The 
NRM intensities and Konigsberger values (ratio of remanent 
magnetization to magnetization induced in present geomagnetic 
field) show only small variation amongst the samples of matrix 
but are more variable for the samples of lithic fragments (Table 
1). In all samples, however, the remanent magnetizations exceed 
the induced components by anything between a factor of 4 and a 
factor of 69. 

Progressive thermal demagnetization experiments show that 
the NRM of the the matrix samples consists of a single stable 
component similar in direction to the present orientation of the 
geomagnetic field and which persists up to demagnetization 
temperatures of 550°C, when it disappears (Fig. 2a). In 
contrast, the NRM of all six lithic fragments is the result of two 
components of magnetization: A and B. The A component is 
identified in the initial stages of thermal demagnetization up to 
temperatures of 350-400°C. The B component is the 
magnetization remaining in the final stages of thermal demag- 
netization, up to temperatures between 550 and 600°C when 
the magnetization of the samples disappears (Fig. 26, c). The 
directions of the A and B component (Fig. 1b, c and Table 1) in 
each lithic fragment sample are readily determined by regres- 
sion analysis on the linear segments of the orthogonal vector end 
point demagnetization diagrams, as shown in Fig. 2. Where two 
specimens could be obtained for measurement from a drill-core 
sample of a lithic clast, both specimens provided similar 
magnetic characteristics. 

The mean direction of the A component from the six lithic 
samples is dec = 359.2°, inc = 56.8°, ags = 4.2° and is statistically 
indistinguishable from the mean direction of the matrix samples 
(Table 1) or from the present geomagnetic field direction (dec = 
359°, inc = 55°). Although the B components are well charac- 
terized and show good stability in individual lithic clasts, as a 
group they are randomly distributed at the 95% level of 
confidence (Table 1). 

The lithic fragments evidently possessed a remanent 
magnetization before their incorporation in the pyroclastic 
deposit. This magnetization is now preserved as component B 
and may have originated as a thermal remanence (TRM) during 
initial cooling of the basalt and pumice, possibly a detrital 
remanence during initial deposition of the limestone, and either 





Table 1 Palaeomagnetic measurements on pyroclastic samples from Herculaneum 


400°C 











a Matrix samples NRM 
Sample J(10“G) Q dec inc dec inc 
Hi 3.4 5.8 a5" 55° 351° 50° 
H2 3.2 5.9 353° 56° 349° 62° 
H3 3.1 Sa 1° 59° 355° 52° 
H4 3.4 5.6 357° 56° 355° 59° 
Means (n = 4) 356.4° 565° i bee 55.8° 
(K = 1,020, ags = 2.9%) (K = 188, ags = 6.7°) 
b Lithic clasts NRM Component A Component B 
Sample Composition J(10%G) Q dec inc dec ine dec inc 
H5 Pumice 2.4 4.1 245° 73° 9° 56° 199° 53° 
H6 Basalt 7.5 15 285° ~§ 353° 53° 259° —38° 
ji Basalt 10 14 259° 37° 356° ae 238° 4° 
H& Limestone 3.5 69 358° 53° 6° 61° 226° —66° 
H9 Limestone 3.8 64 359° 61° 359° 61° 184° —61° 
H10 Brick(?) 15 23 309° 36° 354° 55° 286° iS 
Means (n = 6)* 300.6° 49,9° 359,2° 56.8° 240.1° ~19.9° 
(K =4, ags = 37°) (K =251,a95=4.2°) (K = 2, ags = 59°) 
r=4.80 r= 5.98 r= 3.75 
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_ J is intensity of magnetization; Q is Konigsberger ratio; dec, inc, are declination, inclination of magnetization: means and statistics calculated using 
ref. 13; test for randomness from ref. 14. 

*For n = 6, distribution is random if r< 3.85. 
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Fig. 2 Orthogonal projections of the suc- 550° 
cessive end points of the magnetization vector 
- {method from ref. 15) during progressive 
thermal demagnetization of representative 
samples from Herculaneum pyroclastic 
deposit. Solid symbols represent projection 
on the horizontal plane, open symbols on the 
north-south vertical plane. a, Matrix sample; 
b, basalt clast; c, limestone clast. Dashed lines 
in b, c are linears segments corresponding to 
A or B components. 


E,D 


a TRM or a chemical remanence when the brick was originally 
made. During incorporation in the pyroclastic deposit, physical 
rotation of the clasts resulted in the random distribution of their 
original (B) component magnetization. 

After emplacement to their present position in the deposit, 
the lithic clasts became partially remagnetized, giving rise to 
component A which is statistically parallel in each clast. Given 
that the pyroclastic deposits probably experienced elevated 
temperatures, this magnetization is most likely a partial TRM— 
a supposition supported by the high Konigsberger ratios. If a 
partial TRM mechanism is assumed for the A component, the 
magnetic unblocking temperatures measured in the laboratory 
can be used to approximate the maximum emplacement 
temperature from which the deposit cooled in place. 

The curvature shown by some demagnetization trajectories 
(Fig. 2b) is interpreted as an overlap of blocking temperatures 
for magnetization components A and B. A conservative esti- 
mate for maximum unblocking temperature for component A 
would then correspond to the last point falling on the linear 
trajectory that defines this magnetization vector, which in Fig. 
2b would be 350°C. In other cases, (Fig. 2c), there is a strong 
inflection in the trajectories for components A and B and within 
the experimental uncertainties the maximum unblocking 
temperature for component A and the minimum unblocking 
temperature of the original component B coincide, at ~ 400 °C, 
The demagnetization behaviour of all lithic clast samples fell in 
either of these two categories and provided consistent unblock- 
ing temperature estimates for component A of between 350 and 
400°C. 
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Fig. 3 Fraction of magnetization remaining with progressive 

thermal demagnetization for the NRM, and for a TRM produced 

by cooling from 600 °C in the Earth’s magnetic field, of a sample of 
pyroclastic matrix from Herculaneum. 
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This consistency over the various lithologies supports 
acquisition of a partial TRM at a common temperature and 
against elevation of blocking temperatures by other processes, 
for example, viscous magnetization or magnetochemical alter- 
ation. On the other hand, emplacement temperatures higher 
than 400 °C would have more completely reset the B component 
magnetization. 

The fact that our maximum temperature estimate coincides 
closely with Maury’s minimum temperature estimate strongly 
suggests that the emplacement temperature of the AD 79 
Herculaneum pyroclastic deposit sampled was indeed close to 
400°C. The deposits can therefore be considered as largely 
ignimbrites (hot pyroclastic flows) which in general had not. 
attained sufficiently high temperatures to cause pervasive weld- 
ing. Other evidence for a high emplacement temperature 
includes the occurrence of vertical lithic-rich pipes, interpreted 
as degassing structures, and typical fine- ae ignimbrite basal 
layers to individual flow units. 

The matrix samples give only a “single ‘magnetization 
component which is similar in direction to the A component of 
the lithic clasts although the unblocking temperatures extend to 
550-660 °C, ~200 °C higher than for component A. Given the 
close proximity of the sampling sites for the matrix and clast 
samples, it is unlikely that the higher maximum unblocking 
temperatures observed for the matrix material reflects a cor- 
respondingly higher emplacement temperature than indicated 
by the clast magnetizations. The unblocking temperature spec~ 
tra of the matrix samples moreover are not consistent with the 
spectrum of a TRM produced by cooling a matrix sample from 
600°C in the Earth’s field (Fig. 3). The NRM of the matrix 
material is therefore more likely to contain a contribution from a 
magnetization besides a partial TRM from 400°C, perhaps a 
detrital remanence which, from the similarity in direction, was 
also acquired during emplacement of the pyroclastic deposit but 
which is typically carried by a grain assemblage with a wide 
distribution of blocking temperatures, Thus while bulk samples 
of the matrix may provide a valid record of geomagnetic field 
orientation corresponding to the time the deposits are formed, 
they are not as such readily useful for emplacement temperature 
determination. 

Palaeomagnetic techniques have been used to discriminate 
hot and cold emplacement of pyroclastic deposits, for example, 
in Japan®, Santorini? and the western US’. The Herculaneum 
pyroclastic flow can be categorized as a type IH deposit 
(emplaced below their maximum blocking temperature but 
above the ambient temperatures) of Hoblitt and Kellogg”, of 
which they found no example. As palaeomagnetic techniques 
for emplacement temperature estimation depend largely on the 
common occurrence of magnetizable materials in pyroclastic 
deposits, the techniques should be of particular value in esti- 
mating emplacement temperatures of unwelded pyroclastic flow 
units in which lithological evidence for heating is ambiguous, as 
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at Herculaneum. The size range of lithic fragments suitable for 
such experiments can be extended downward for example, to 
matrix components, by use of microanalytical techniques"? 
while unblocking temperature profiles through very large lithic 
clasts may provide additional information on the thermal history 
of the pyroclastic deposit. Moreover, estimates of maximum 
emplacement temperature by the magnetic method, which are 
possible up to the Curie point of the constituent magnetic 
mineral (for example, 585°C for magnetite) can extend the 
range of temperature estimates obtained from studies of organic 
matter, which appear to be most definitive from 100°C to 
~ 350°C (ref. 6). 

We thank Doris Lafferty for laboratory magnetic measure- 
ments. Work was supported in part by NSF grant EAR79- 
09985 to D.V.K. and D.N. Lamont-Doherty Geological 
Observatory contribution 3114. 
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The descent of the oceanic Nazca plate below the western 
margin of South America is responsible for the seismicity, 
tectonism and magmatism characteristic of Andean-type 
continental margins. Within this geological setting there is much 
debate concerning the petrogenesis of the calc-alkaline volcanic 
association. A thermal model for the descent of oceanic below 
continental lithosphere suggests that melting of subducted 
oceanic crust, the asthenospheric mantle wedge, and the lower 
crust might occur’, and hence calc-alkaline volcanic rocks erup- 
ted at the surface in such regions might be derived from one or 
more of these sources. In the Andes, for example, Pichler and 
Zeil’ have invoked partial melting of lower continental crust, 
while others** envisage petrogenesis of andesites from sub- 
crustal mantle sources possibly in conjunction with crustal 
contamination®*. We present here new O-isotope data for 
volcanic rocks from three contrasted volcanic settings in 
Ecuador, north Chile, and north-west Argentina. We then 
consider the significance of observed O~Sr isotope relationships, 
and attempt to evaluate the important factors in the petro- 
genesis of Andean andesitic lavas. 


Active volcanism in the Andes occurs in three distinct regions: 
a northern zone (S°N-2°S), a central zone (16-28°S), and a 
southern zone (33-52°S); each having andesitic associations 
with distinctive chemical and isotopic compositions. The vol- 
canic centres selected for study are in the northern and central 
volcanic zones. The northern zone in Ecuador and Columbia 
consists of composite volcanoes composed predominantly of 
basaltic andesite built on a 40-50-km thick sialic crust’®'’. Its 
sub-volcanic basement consists of metamorphic rocks of 
Cretaceous or older age’*. The central zone is characterized by 
composite volcanoes and large-volume ignimbrite sheets which 
overlie a thicker and more ancient sialic crust. Although the 
oldest rocks exposed adjacent to the active volcanic belt in 
southern Peru and northern Chile are Palaeozoic, Precambrian 
rocks occur to the west on the Peruvian coast’? and to the east 
below the Bolivian altiplano’*’* suggesting that the central 
volcanic belt is underlain by Precambrian rocks’®. It has also 
been argued” that the crust in the central Andes nearly doubled 
in thickness in the Cenozoic, so that the volcanoes of north Chile 
and south Peru rest on the central keel of the Andes where the 
crust is ~70km thick. The volcanic setting in north-west 
Argentina is different to that to the west in southern Peru and 
northern Chile—here volcanic rocks occur on the ‘Pampean 
Ranges’ massif, a ‘basin-and-range’ province which comprises a 
wide variety of granitic and metamorphic rocks" for which data 
indicate a late Precambrian to early Palaeozoic age’’. 

The Tertiary and Quaternary volcanic rocks of the Andes fall 
within the basaltic andesite—andesite—dacite classification of 
Peccerillo and Taylor*®. Chemical and isotopic compositions 
vary systematically across the Andean orogenic belt with SiO}, 
K,O and (°’Sr/**Sr),; increasing from west to east?**** with 
calc-alkaline lavas generally enriched in K, Rb and Sr relative to 
P, Nb, Nd, Zr and Ti (refs 9, 25). There are, however, important 
inter-regional differences. The Ecuadorian lavas are olivine- 
pyroxene-bearing basaltic andesites with 53-61% SiOQ,, 1.1- 
2.2% K,O, 492-1,144 p.p.m. Sr, and 19-65 p.p.m. Rb (refs 7, 
26, 27) whereas the lavas of north Chile and South Peru are 
predominantly pyroxene~hornblende-bearing andesites and 
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dacites with 56-66% SiO), 1.6-3.2% K,O, 441-806 p.p.m. Sr, 
and 35-107 p.p.m. Rb (refs 17, 24). Thus, the respective mean 
SiO, and K,O contents for the northern zone lavas are ~57 and 
1.5% as compared with 60 and 2.2% for the western central 
zone lavas. By contrast, the Argentinean volcanic rocks cover 
the complete basalt~basaltic andesite—andesite-dacite spec- 
trum. The basalt and basaltic andesites are olivine-pyroxene- 
bearing lavas largely from recent scoria cones and lava flows 
with 51-55% SiO}, 2.0-2.7% K,O, 477-1,048 p.p.m. Sr, and 
45-75 p.p.m. Rb, whereas the andesites and dacites are 
pyroxene—hornblende-bearing lavas with 58-68% SiO,, 2.9- 
4.2% K,O, 236-645 p.p.m. Sr, and 52-269 p.p.m. Rb (ref. 28 
and G. A. Kretzschmar, personal communication). 

‘“O/"°O ratios were determined for 33 samples from the 
volcanic centres of Chimborazo, Tungurahua, Sincholahua, 
Cotopaxi, Punalica and Calpi in Ecuador, San Pedro and San 
Pablo in north Chile, and Cerro Galan in north-west Argentina 
(Fig. 1) using the same powders for which chemical composition 
as well as Sr isotope and Nd isotope ratios had previously been 
determined. '*O/'°O ratios are presented here relative to 
SMOW, with pertinent chemical and isotopic data: overall 
analytical precision is 0.1-0.2%. The combined O-Sr isotopic 
data are shown in Figs 1 and 2 with those of Magaritz et al.°. 

All samples analysed were petrographically fresh and there is 
no chemical or isotopic evidence to suggest that the lavas had 
been subject to significant hydrothermal or deuteric alteration. 
Water contents are low, varying from 0.8-0.55 wt % for basalts 
and basaltic andesites to 0.34-1.37 wt % for andesites and 
dacites. Low-temperature alteration products, veining and 
phenocryst reaction rims are absent. However, an isotopic study 
of the south Peruvian andesites”’ showed that petrographically 
fresh andesitic lavas had plagioclase 6'*O values which were 
lower by an average of 0.6% than the corresponding whole-rock 
`O values; this was attributed to a small amount of post- 
eruptive hydrothermal alteration. In the Ecuadorian samples 
plagioclase 5'°O values are equivalent to whole-rock §'°O 
values, reflecting crystal-liquid equilibrium at the time of 
eruption. 

Combined isotopic studies have proved useful in identifying 
the source(s) and tracing the evolution of plutonic and volcanic 
rocks formed at convergent plate margins. The generation of 
calc-alkaline magmas is a complex process which might involve 
partial melting of subducted oceanic crust, the overlying 
asthenospheric mantle wedge, and/or lower continental crust as 
well as subsequent fractional crystallization and contamination 
by upper continental crust during transit. Here the combined 
O-Sr isotopic data for the Andean lavas are used to comment on 
the petrogenesis of andesites. 

The Ecuadorian lavas are the least evolved of the Andean 
volcanics and have the lowest '*O/'°O and *’Sr/**Sr ratios 
(6.5-7.7%0; 0.7038-0.7044). The small '8O- and ®’Sr-enrich- 
ment observed in these rocks relative to typical mantle (6.0+ 
0.540; 0.702-0.704) could result from direct involvement of 
siab-released volatiles in the partial melting of overlying mantle 
during dehydration of the slab, by partial melting of small 
amounts of hydrothermally altered oceanic slab itself followed 
by re-equilibration in the mantle, or by partial melting of a 
pre-existing, alkali metasomatized mantle. Although these 
stable isotopic data are inadequate for a choice to be made 
between these alternatives, the overall chemical and isotopic 
characteristics of the Ecuadorian lavas suggest an alkali- 
enriched mantle source. 

By comparison with the Ecuadorian lavas, '*O/'°O and 
*’Sr/*°Sr ratios are higher and more variable for the central zone 
volcanics in north Chile (8.0-10.8%; 0.7059-0.7072), south 
Peru (7.0-8.64; 0.7054-0.7076), and north-west Argentina 
(8.3~10.7%; 0.7054-0.7097). Because fractional crystallization 
cannot significantly alter the O- or Sr-isotopic composition of a 
magma, the observed differences between the northern and 
central volcanic zones must indicate a different or additional 
factor in the petrogenesis of the central zone lavas. If the isotopic 
character of the Ecuadorian lavas is representative of pristine 
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Fig. 2 Piot of 8'°O versus (E Sr/Sr); for the Andean lavas | 
analysed in this study. The solid curves I, Ila, Hb and ITI show the 
paths that would be followed during the process of combined 
assimilation-fractional crystallization for end-member composi- 
tions of hypothetical mantle ("O = 5.7%; *’Sr/*°Sr = 0.703) andan 
isotopically evolved crust (#0 = 19%, °’Sr/*°Sr= 0,735). The 
curves, based on a ratio of Sr concentration in the end members of 
5:1, are shown for three different (Sr cumulate/Sr melt) ratios 
(I, B= 1, H, 8 =2 and II, B =3) as well as two different ratios 
of cumulate to assimilated rocks (Ila, C:a=9.1, Hb, C:a=§.1)_ 
(for further discussion see ref. 34). @, Ecuador; @, North Chile; | 
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partial melts of a mantle source then those for the central zone 
lavas must reflect a different mantle or lower crustal source, ora 
contamination of magmas produced from the same mantle 
source. 

Chemical and isotopic variations for the Andean lavas (Fig. 1) 
show that the K,0-SiO, variations define linear trends which 
parallel those observed by Ninkovich and Hays” for island arcs 
and that for a given SiO, content there is a progressive increase. 
in K,0, '*O/'SO and ®’Sr/**Sr. Note that such increases occur 
in two directions on such a plot; enrichment of O and *’Sr 
perpendicular to the depth contours of the seismic zone, 
reflecting inter-regional differences, and enrichment of 1*0 and 
*’Sr parallel to depth contours indicating variation at a single 
volcano (for example, San Pedro-San Pablo, north Chile) or 
within a single volcanic province (for example, Cerro Galan, 
north-west Argentina). We interpret the former effect as 
indicative of source variation and the latter as contamination 
variation imposed on inherited source characteristics. 

The most significant feature of the isotopic relationships for 
the Andean lavas is the positive correlation between 20/0 
and *’Sr/*°Sr ratios (Fig. 1). Variations** of these two isotope 
ratios result from geologically independent processes, respec- 
tively the fractionation of stable O isotopes during the formation 
of low temperature sedimentary rocks at the Earth’s surface and. 
the radioactive decay of *’Rb to *’Sr. Thus a positive correlation 
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of '*O and *’Sr enrichment within a suite of genetically related 
igneous rocks must represent a major involvement with, or 
contamination by, continental crust. This correlation of O and Sr 
isotopic correlation occurs within the Cerro Galan volcanic 
association of north-west Argentina, and also characterizes the 
overall O-Sr isotopic variation seen with the central and north- 
ern volcanic zones, although the relationship is different to those 
that have recently been described from two other areas of 
calc-alkaline magmatism, the Peninsular Range batholith of 
Southern California and Baja California®® and the ‘Newer’ 
granites of the British Caledonides*'. In each of these areas the 
positive correlations of 6 '*O with *’Sr/*°Sr extrapolate to O and 
Sr isotopic values representative of mantle compositions, 
Suggesting that the calc-alkaline magmas in these three areas 
may have been largely derived from the mantle. 

To evaluate the scale of the contamination variation, multi- 
component mixing models** have been used to evaluate the 
possible role of continental crust in the petrogenesis of the 
Andean lavas. Figure 2 shows the effects of a process of 
combined fractional crystallization—assimilation between a 
mantle and crystal end members with respectively low and high 
‘°O/'°O and *’Sr/*Sr ratios. Model lines are shown for ratios of 
the concentration of Sr in the cumulate material to that in the 
assimilated material (B) of 1 (curve I), 2 (curve II) and 3 (curve 
HI). Curves If and IIb are respectively for bulk ratios of 
contaminant to assimilated material of 9:1 and 5:1. The posi- 
tions of the curves in Fig. 2 depend on the exact compositions of 
the model end members. The low-'*O, low-®’Sr end member is 
reasonably well constrained within the limits Sr = 800—1,000 
p.p.m.; *’Sr/**Sr = 0.702-0.704, '8O/'©O=6.9+0.5 con- 
sidered characteristic of the mantle. By contrast, the composi- 
tion of the high-'*O, high-*’Sr end member is arbitrary. The 
selected composition, Sr = 50-200 p.p.m.; °’Sr/®°Sr = —0.735, 
and '*O/'°O = -19% may be representative of the metamor- 
phic and igneous rocks believed to be an important constituent 
of the central Andean Precambrian crust. However, the choice 
of a slightly different end-member composition would not 
change the shape of the curves, only the scale of the axes, and so 
require a larger or smaller proportion of crustal component to 
explain a given '°O/'°O and °’Sr/®’Sr value. 

Figure 2 shows that the overall O-Sr isotopic trend for the 
Andean volcanic arc may be explained in terms of a process of 
combined assimilation and fractional crystallization between a 


primitive, mantle-derived magma and isotopically evolved 
continental crust. This is best illustrated for the Cerro Galan 
volcanic suite of north-west Argentina. Francis et al. con- 
sidered two models for the Sr isotopic relationships (closed 
system bulk contamination and open system fractional crystal- 
lization-selective contamination) and concluded that the Sr- 
isotope variations were best explained by a small degree of 
selective Sr contamination of a magma ranging from basic to 
acidic in composition as the result of fractional crystallization. 
Figure 2 shows that the variation in '*O/'°O ratios, 8.3~10.7%, 
together with an increase in *’Sr/**Sr ratio, 0.7054-0.7097, is 
consistent with a model involving fractional crystallization of a 
magma with the O- and Sr-isotopic characteristics of the least 
evolved sample (G49: '¥O/'°O = 8.4%; ®7Sr/*°Sr = 0.7054) all- 
ied with up to 20% bulk assimilation. Although a well-defined 
O-Sr isotopic correlation is not present within the north Chilean 
and south Peruvian volcanics when considered individually, we 
feel this is likely to be due to the restricted compositional range 
of these lavas. However, it is possible that these variations might 
reflect primary characteristics of the source*?, inherited charac- 
teristics of a source modified by crustal interaction** or the 
mixing of mantle and crustal magmas**, However, the concomi- 
tant enrichment of '*O and*’Sr from the northern to central 
volcanic zones strongly indicates a crustal component to the 
central zone lavas. 

As predicted by the assimilation fractional crystallization 
model, there is a general change in the major element chemistry 
conicident with the O-Sr isotopic variations (Fig. 1) as well as a 
general decrease in Sr content with increasing '8O and ®’Sr 
content (Fig. 2). Figure 2 shows that most analyses cluster about 
the curves corresponding to a ST cumutatey? SFimem ratio of 2:1 and 
a cumulate to assimilate ratio of between 5:1 and 9:1. There- 
fore, if the assimilation-fractional crystallization process 
Suggested by the O-Sr isotopic variations is valid, then the 
modelling implies that a large amount of cumulate must have 
formed during the evolution of the andesites and dacites from 
their basic precursors. Such cumulates might form parts of the 
batholithic intrusions inferred to be present below the Andes or 
might be present at depth within the lower crust. This suggestion 
is consistent with the recent estimate of the relative volumes of 
intrusive to extrusive rocks in the central Andes of Thorpe et 
al.*°, based on volumetric data. 

Magaritz et al.” have recognized the necessity for an 'O- 
enriched crustal component in the generation of andesitic lavas 
as a result of their O-Sr isotopic study of the Arequipa and 
Barroso volcanics of south Peru. After considering possible 
sources and by analogy with the Banda Arc, they concluded that 
the only reasonable source for the high '*O component was 
continentally derived sediment which had been subducted and 
become involved in partial melting at depth. This argument was 
largely based on the absence of the '°O/!*O-®’Sr/**Sr cor- 
relation which we have shown here to exist overall across the 
Andes. Even disregarding physical”* and chemical? arguments 
against the involvement of subducted sediment in Andean 
calc-alkaline magma genesis, the isotopic data do not support 
such an idea. Certainly on mass balance considerations it is not 
feasible, given any reasonable proportions of components, to 
melt partially subducted-geosynclinal sediments (8 '*O ~ 13%; 
*’Sr/*°Sr = 0.709) together with altered oceanic crust (6"O~ 
7.9%; *’Sr/*°Sr = 0.709) and mantle to produce the '8O- and 
*’Sr-enriched lavas that occur in the central volcanic zone 
(6'°O ~ 8-9%; ®’Sr/®°Sr < 0.711). Likewise, the recent Pb-iso- 
tope data of Barreiro and Tilton” on the Arequipa and Barroso 
volcanics which are characterized by low ?°°Pb/2"4Pb ratios 
argue against contamination by subducted sediments—a crustal 
source is favoured. 

The Andes are a classic setting in which to study the petro- 
genesis of calc-alkaline magmatism at destructive plate margins. 
Here the importance of subduction zone, mantle and crustal 
processes can be evaluated by chemical and isotopic techniques. 
The present data suggest an origin for andesitic magmas, illus- 
trated in Fig. 3, which involves dehydration of the subducted 
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oceanic crust at depths of 60-100 km and alkali enrichment of 
the overlying asthenospheric mantle by LIL-enriched volatiles. 
The partial melting of this mantle then produces a basaltic melt 
slightly enriched in K, Rb and Sr relative to Zr and Ti and the 
REE as well as enriched in ®*’Sr/**Sr relative to '*7Nd/14Nd and 
enriched in O relative to normal mantle. This may be viewed as 
either a single-stage process in which alkali element enrichment 
occurs coincident with partial melting of primitive, homo- 
geneous mantle, or as a two-stage process where a previously 
metasomatized mantle is partially melted to produce a calc- 
alkaline magma. Subsequent segregation of and diapiric uprise 
into the crust are followed by fractional crystallization and 
assimilation within the crust before eruption at the Earth’s 
surface. In areas of relatively thin crust, such as in Ecuador, 
magmas rise to the surface as basaltic andesites largely 
unmodified by crustal contamination. However, in areas of 
thicker crust, such as in the central volcanic zone, the rising 
magmas are modified by a process of fractional crystallization 
allied with assimilation of isotopically evolved continental crust 
to produce andesites and dacites enriched in both +50 and ®’Sr. 
Away from the subduction zone where partial melting occurs at 
depth in excess of 150 km, such as in north-west Argentina, 
magmas are probably derived from partial melting of the trans- 
formed oceanic slab with little or no volatile component so that 
the initial melts are enriched in both *O and °’Sr relative to 
those magmas produced nearer the subduction zone from partial 
melting of the mantle. Here again slow rise of the basic melt 
through the thick crustal keel of the Central Andes provides an 
extended opportuinty for fractional crystallization and crustal 
assimilation. 
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A network of profiles in the Hercynian mountain system (Geo- 
traverse Rhenoherzynikum) is needed to determine details of 
the geological structure and find the reasons for tectonic 
movements. Outstanding features within the mountain system 
such as the large fault zone along the southern boundary of the 
Hunsriick’ and the left flank of the Rhinegraben have already 
been investigated by reflection seismology”. We describe here 
a new refiection-refraction experiment carried out in 1978 in 
the most northern part of the Rhenish Massif, across the 
Stavelot~Venn Massif near Aachen (Fig. 1). While layers in the 
lower crust dip to the NNW, a strong upper reflector at 3-4 km 
depth shows a slight dip to the SSE and indicates a prominent 
fault zone near Aachen, known in Belgium as the Faille du Midi. 
Here, a comparable and apparently identical reflector was found 
some 100 and 175 km to the west of our profile. We interpreted 
this reflector as a prominent and well lubricated thrust fault 
along which a huge horizontal nappe displacement took place 
during the last stages of the Variscan orogeny. 

A special arrangement of shot points and geophone patterns 
was used to investigate the complicated tectonics in the northern 
part of the Rhenish Massif. Each of the 15 shots for the 3i-km 
long line was recorded by three synchronized 48-channel 
recording units, each set out at 7.5-km length spreads, leaving 
two gaps of ~4km each which were filled by individual 
refiection-refraction stations (see Fig. 2). Explosive charges of 
50-400 kg were fired at points along the line and at their 
extension to the SSE, providing a total length of 37 km in the 
subsurface with a six-fold coverage for the main part of the 
profile. This simultaneous recording of such a long geophone 
spread provided us with huge move-out times, that is with the 
possibility of determining the velocity-depth structure with a 
very high accuracy from the reflection move-out. It was also a 
powerful method of determining the (predominantly horizonta?) 
velocity from the evaluation of the first (refracted) arrivals which 
appeared as 12 overlapping refraction branches for the sixfold 
reflection coverage, hence providing sufficient redundancy for 
calculating near-surface velocities and corrections. (Details of 
this method and the interpretation work will be given else- 
where.) Figure 3 shows a stacked section of the upper 3s 
two-way travel time involving the upper reflector. Strongly 
varying velocities within the steeply dipping surface layers are 
responsible for some remaining apparent undulations of the 
reflector. To determine its nature the following conclusions can 
be made. 

The strong, high-frequency reflector indicates a considerable 
jump in impedance and hence in seismic velocity. The velocity 
cannot jump to a thick layer with a higher velocity because the 
first arrivals do not show any considerable velocity increase up to 
distances of 45 km, nor can the velocity jump to a thick layer 
with a lower velocity because no break in the first arrivals is 
observed. Hence, the strong reflectivity must result from a very 
thin layer of the order of a fraction of the dominant wavelength. 
Its thickness, estimated to be between 40 and 100 m, agrees 
both with the continuity of the first arrivals and with the single- 
wavelet, good quality of the reflector. A thin layer of higher 
velocity seems improbable because at least some high-frequency 
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Fig. 2 Profile field set-up. @, Shotpoints; A, additional wide- 

angle stations. Hatching on the schematic reflector R shows the 

‘subsurface coverage’ for the first shotpoint, corresponding to the 

geophone spread of three recording units. Signals from all shot- 

points were recorded by the geophone spreads resulting in a sixfold 
coverage of reflectors. 


events with higher velocities would be expected in this case. The 
only consistent solution, therefore, is provided by a thin layer 
with lower velocities. Such a layer, together with the shape and 
the direction of the reflector which points directly towards a 
prominent surface fault system in the Hohes Venn area, strongly 
suggests that the reflecting interface resembles a thrust fault with 
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Fig. 1 Geological map 
of the Rhenish Massif and 
surrounding areas with 
location of profile. A, 
Aachen; F, Frankfurt; K, 
Koln; Lx, Luxembourg; 
FM, Faille du Midi; 


URGr, Upper Rhine 
graben; HF, Hunsrück 
fault. 


! 


Crystalline 
basement 


indications of large nappe displacement to the north-west. 
Figure 4 shows a geological cross-section of the upper part of the 
area under investigation, containing the reflector as its lower 
boundary. 

The interpretation of the reflector as a prominent thrust fault 
is supported by petrological evidence, seismological and 
geodetic observations and by other seismic reflection results. 
Thrust faults, for example, generally exhibit high pore pressure, 
grain diminution and generally, a hydrolytic weakening‘. 
Although these effects lead to a decrease in velocities™®, a high 
pore pressure which considerably reduces the effective pressure 
might have the strongest effect on the velocity decrease within a 
thin zone of deformation’. Hence it seems important that the 
fault zone is still seismically active in the correct overthrust 
direction as seen from a fault plane solution of a quake in the 
thrust fault area®. Also, an increased vertical uplift has been 
observed in the Hohes Venn area’. Today’s stress pattern’? 
seems to be similar to that during late Variscan time, hence 
probably reactivating the old fault zones. Note that reflection 
experiments of the Famenne area, ~100km WSW of the 
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Fig. 3 Stacked section of the upper 3 s with reflector at 1.2 s two-way travel time. 
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Fig. 4 Geological cross-section along the profile. R, Seismic reflector; cb, Cambrian; 0, Ordovician. Devonian: dg, Gedinnian; ds, Siegenian; 
dem, Emsian; dfa, Famennian. Carboniferous: cd, Dinantian; cn, Namurian. 


present profile, have also revealed a prominent reflector at 
roughly the same depth as our presumed thrust fault and also 
dipping gently to the SSE. A comparable reflector has also been 
found some 175 km to the west’? and even farther. Figure 5 
shows the approximate depth of this reflector in the area of 
investigation. The identified reflector, interpreted as a thrust 
fault, covers a large area and may even extend laterally to the 
east and west and to greater depths to the south where no seismic 
investigation has been carried out. 

Recent investigations in the southern Appalachians by the 
COCORP group’ and in the northern Appalachians have 
shown similar pronounced, shallow and slightly inclined 
reflectors. In the southern part they are interpreted as thrust 
faults on which the crystalline basement of the Appalachians has 
been thrust at least 260 km towards the North American 
continent’? 





Fig.5 Area of reflection investigation (ARI) within the Variscan 
deformation front (VDF). ARI shows isolines of depth of reflecting 
interface (thrust fault) in km. LBM, London Brabant massif; 
H, Hamburg; L, London; A, Amsterdam; B, Bruxelles; P, Paris. 


We do not know whether the thin-skinned nappe in our test 
area in the Variscides was transported over a comparably large 


distance, but this possibility must be considered. The lateral | 


dimensions of the nappe of at least 200 km—a lower limit, only 
marked by the available seismic reflection observations— 
indicates that large and regional compressive forces were acting 
during the last phases of the Variscan orogeny. We also do not 
know whether a pattern of approaching and colliding island arcs 
and microcontinents, as apparently involved in the creation of 
the southern Appalachians’*, was also responsible for the 
formation of the complex Variscan tectonics. Certainly, here the 
deformation front also moved from SW towards the NW— 
towards a large continental area. 


Extensive nappe displacements are well known from virtually “3 as 


all orogenic belts from Caledonian to recent compressional 
regimes, for example, Alpine~Himalayan; but in most cases the 
depth, the dimension and the structure of them remain 
unknown. For parts of the Appalachians'**, and now also for 
parts of the northwestern Variscides the character and the 
depths of the thrust planes have been revealed and their nature 
analysed from reflection seismology. The formation of thin- 
skinned nappes riding over a rather undeformed subsurface 
along plane, well lubricated thrust faults may indicate a final 
stage of compressional tectonics. 

We thank P. Ziegler, for helpful discussions and our 
colleagues of the Geological Institute of the RTHW Aachen for 
the geological profile. 
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Group selection is implicated in the 
evolution of female-biased sex ratios 
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Female-biased sex ratios are common among arthropods that 
mate in small groups with episodic dispersal’. When breeding 
groups are founded by more than one female, individual 
(within-group) selection favours an unbiased (1:1) sex ratio, 
regardless of group size and degree of inbreeding (or sibmating), 
and regardless of the intensity of local competition among 
siblings for mates. On the other hand, female-biased sex ratios 
are favoured by group selection in randomly structured popu- 
lations. Existing treatments of the evolution of female-biased 
sex ratios’? correctly predict the result of evolution, but do 
not make clear that it is a balance between opposing forces at 
two levels of selection’. I now show this to be so. 

Fisher’ pointed out that in a random-mating population with a 
biased sex ratio, an individual of the rarer sex leaves more 
progeny, on average, than an individual of the commoner sex, So 
that frequency-dependent selection favours equal investment in 
sons and daughters. Hamilton’ modelled the evolution of 
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Table 1 Mode! for the evolution of female-biased sex ratios as a balance between the opposing forces of individual and group selection 


r a aAA ANAA AE aae 


For all breeding groups, let 
n = number of inseminated females founding each group 
a, b = proportion of sons among the progeny of each A-type (a) or B-type ib) 
female 
r = number of progeny produced by each female, regardless of type 

p = proportion of founding females that are A-type in the global population 

p' = proportion of grandmaternal gene copies that are due to A-type found- 
ing females in the global population 


I Individual selection (within groups) 


In a group founded by n inseminated females, of which x = p,n are A-type (each 
producing ar sons) and (1 ~ p,)n are B-type (each producing br sons), the numbers 
of sons and daughters among the group's progeny (F,) are 


s,=m(p,at+(i-p,)b] and d,=milp,(i-a)+(1-p,)1-8)] (1) 
Now the F, mate at random within the group, with mating probabilities 
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where Ad means a son of an A-type founder, BẸ a daughter of a B-type founder, 
and so on. The proportion of grandmaternal gene copies among the F, that are due 
to A-type founders is 


p2a(i-a)+4p,(i~p, [a(i-b)+b(1-a)] 


pl = Maat Mas t Mpa) = [pa +(i ~p, )b{p,(1-a)+(1-p,X1-b) a 


and the total number of F, gene copies due to A-type founders is 
pV, = pyrd, (4) 
assuming diploidy. 


For a particular breeding group, let 
x=number of founding females that are A-type (the rest, [n —x], are 
B-type) | 
p, = x/n = proportion founding females that are A-type 
p: = proportion of grandmaternal gene copies that are due to A-type found- 
ing females 
s,, d, = total number of sons (s,) or of daughters (d,) produced by all n founding 
females 
V, = rd, = total number of grandprogeny (F,) produced by the daughters of 
all n founding females (group productivity) 
n, = probability that a particular group is founded by x A-type and (a — x) 
B-type females 


Il Integration of individual selection with group selection 


In the global population, the distribution of group composition is assumed to be 
binomial, so the probability that a group will have x A-type females among its a 
founders is 


n SP 
Ty -| |a- : (3) 
x 
The average number of F, gene copies, per group, due to all founding females is 
=F 2,V,=nr[p-a)+(- pd -4)] (6) 


xO 


since E[ p,]= p. The average number of F, gene copies, per group, due to A-type 
founding females is 


L mP. Vs (7) 
zap 


Therefore, the proportion of grandmaternal gene copies in the F, that are due to 
A-type founding females in the global population is 


p= E mp V dÝ ` (8) 


For example, for n = 2, 
Zia +b) 
Bl-aj+U~pyi-b) 


+p*(1-a) 
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female-biased sex ratios for a population structured into 
randomly initiated groups, each founded by n inseminated 
females, whose offspring mate locally among themselves and 
then disperse to found new groups. For such a population, 
Hamilton showed that an autosomal gene that causes its female 
bearer to produce ar sons among her r progeny, where a = 
(n —1)/2n, will be ‘unbeatable’ by a gene coding for any other 
sex ratio (diploidy, complete mating and equal investment per 
offspring assumed). Thus, the optimal progeny sex ratio is 1/4 
sons with n = 2 founding females, rising asymptotically toward 
1/2 sons with increasing n. A solitary founding female (n = 1) 
should produce the minimum number of sons required to 
inseminate her daughters. 

Hamilton’ and others*** have suggested that daughter- 
biased progenies are an adaptive response to selective pressures 
on the mother, serving to reduce ‘local mate competition’ 
(LMC) among her sons. By this argument, the increasing prob- 
ability that brothers will compete for the same mates, as the 
number of sibships becomes smaller, is countered by a progres- 
sive decrease in the proportion of sons. Members of a local 
breeding group, such as the wasps in a single fig’ or host pupa’, 
or the hummingbird flower mites in a single inflorescence’ are 
highly inbred, relative to the global population of which they are 
a part. Hamilton’s' early emphasis on inbreeding, and Maynard 
Smith’s* reformulation of Hamilton’s LMC model in terms of 
the proportion of matings that are between siblings, may have 
suggested to some authors*’° that inbreeding (or sibmating) 
itself somehow provides a mechanism for the evolution of 


daughter-biased progenies as an individually advantageous 
adaptation, reducing sibling competition for mates. 

For the case of more than one founding female (n> 1), a 
simple algebraic model for the evolution of progeny sex ratio 
(Table 1) indicates that (1) LMC itself cannot select for female- 
biased progenies, (2) inbreeding (sibmating) is not relevant to 
the problem, and (3) group selection (differential productivity of 
genetically different groups) is required for the evolution of 
female-biased sex ratios. 

In the model, each generation of local mating among the 
progeny of n founding mothers is followed by population-wide 
mixing and dispersal of their inseminated daughters. Two 
maternal phenotypes (‘A-type’ and ‘B-type’) compete, each 
producing a different, fixed progeny sex ratio (a and b, respec- 
tively, as proportion of sons). The fitness of a founder is 
measured in terms of the gene copies she leaves among grand- 
progeny'**'', Figure 1 shows that the fitness of a ‘fisherian’ 
founder, producing an unbiased progeny sex ratio (b = 0.5), 
always exceeds the fitness of a ‘hamiltonian’ founder, producing 
a daughter-biased sex ratio (a < 0.5), regardless of the number 
of founders, initial proportion of the two types and degree of 
female bias in hamiltonian progenies’. Because the degree of 
selective advantage of fisherian females depends only on their 
proportion among founders, relative fitness of the two types is 
completely unaffected by the level of inbreeding or sibmating, 
and by the intensity of competition among brothers for mates, 
which are functions of the number of founders, given a and b. 
Individual selection on females whose offspring breed in local _ 
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groups with the offspring of other founders, however few, 
cannot favour daughter-biased progenies. 

How, then, can female-biased sex ratios evolve? If the dis- 
persal pool includes more than one sex-ratio phenotype, local 
groups will vary by chance in the frequency of the phenotypes 
among founders. Within each group, the relative fitness of 
fisherian founders exceeds that of hamiltonian founders. 
However, groups with higher-than-average initial frequencies 
of hamiltonian females produce a greater-than-average 
absolute number of grandprogeny, simply because their foun- 
ders jointly produce more daughters (and fewer sons) than 


Table 2 Individual and group selection in the evolution of female-biased sex 
ratios: a numerical example with n = 4 
Seni cities cal ad eae mrt a Dh mtn Tn 
Group | Group 2 





I Initial composition of groups 
A. Number of hamiltonian (a = 3) 
founders: x 3 1 
B. Number of fisherian (b = 4) 
founders: (n — x) I 3 
C. Proportion hamiltonian 
founders: p 0.75 0.25 


Il Contribution of founders to grandprogeny: 
Individual selection 
A. Proportion of grandmaternal 
gene copies due to 
1. Each hamiltonian founder 
2. Each fisherian founder 
3. All hamiltonian founders: p’ 
4. All fisherian founders: (1 —p') 
B. Fitness of a hamiltonian founder 
relative to a fisherian founder 


Ht Differential productivity of groups: 
Group selection 
A. Total grandprogeny produced 
by each group: V, 
B. Number of grandprogeny gene 
copies within each group due to 
1. Each hamiltonian founder 
2. Each fisherian founder 
3. All hamiltonian founders: 
py. 1.75967? 
4. All fisherian founders: 
(i> P D V: 


0.2470 
0.2591 
0.7409 
0.2591 


0.247] 
0.2510 
0.2471 
0.7529 


0.9533 0.9845 


2.378r° 2.1257? 


0.5251.r? 
0.5333 r? 


0.586577 
0.61549? 


0.5245 11r? 
1.599 9r? 


Ao nesnenin 


0.6154r° 





IV Number of gene copies among pooled grandprogeny 
A. Due to each hamiltonian founder: 
41.7596 + 0.5251)? = 
B. Due to each fisherian founder: 
40.6154 + 1.5999})r? = 0.553877 


Seemee eenen 


Individual and group selection in the evolution of female-biased sex ratios. This 
example is based on an arbitrary initial composition of groups. Two groups are 
formed by sampling from a founder pool that consists of half fisherian (F^ and half 
hamiltonian (H) inseminated females. The groups differ in the frequency’ of the two 
types (line IC) but together reflect the (equal) frequencies in the founder pool. 
Each female in each group then produces r progeny, of which 1/2 7 are sons, for 
each fisherian mother, and 3/8 r are sons, for each hamiltonian mother. The 
progeny mate at random among themselves within each group (all females are 
inseminated). Computing fitness within groups as the expected number of grand- 
maternal gene copies due to each founding female (lines HIB, 1, 2), it is evident 
that the individual fitness of each fisherian female exceeds that of each hamiltonian 
female within groups (line IB). This is true for any mixed group (Fig. 1). On the 
other hand, group fitness—the total number of grandprogeny produced (line 
IHA)—is greater for the group with the higher initial frequency of hamiltonian 
females, because its founders jointly produce more daughters (and fewer sons) 
than do the predominantly fisherian founders of the other group. Because the 
more productive group is mostly hamiltonian, when the number of gene copies due 
to each of the two types of founders is evaluated among the pooled grandprogeny 
of the two groups, the hamiltonian founders prove to have contributed more than 
the fisherian founders (lines IVA, B), in spite of the selective disadvantage of 
hamiltonian founders within each group. The force of group selection depends on 
the variance in initial composition of groups, here arbitrarily established to make a 
point. In fact, random (binomial) variation is sufficient for the force of group 
selection to exceed that of individual selection? 3. Greater-than-binomial vari- 
ance only increases the effect'*:'?, In terms of Price’s?:'* hierarchical model of 
selection, the fitness of groups {V,) co-varies positively with the proportion of 
hamiltonian founders that initiate them { Px}, whereas the fitness of individuals 
within groups co-varies negatively with possession of the hamiltonian trait (or, 
genetically, with the number of hamiltonian alleles an individual carries): p’ is 
inevitably less than p,. Thus, female-biased sex ratios are Opposed by individual 
selection, but are favoured by group selection, 
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0.571277 
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Fig.1 Fisher's’ sex ratio principle. The selective disad “vantage of producing 
female-biased progeny. A group is founded by he émiltonian females in 
proportion p,, each producing proportion a<0.5 fons, and by fisherian 
females in proportion (1 ~ p,), each producing half ‘ons and half daughters. 
Here, the proportion of grandmaternal gene copies, in the grandprogeny that 
are due to the hamiltonian founders, p! (computed by equation (3), Table 1) 
is plotted as a function of a for several values of, 3. The figure demonstrates 
that p; is inevitably less than p,: the fitness, of fisherian founders always 
exceeds that of hamiltonian founders in a mixed, group. Note that the number 
of founding females (n, group size) plays no part in this result. Fisher's 
principle operates with equal force in random j-mating groups or populations 
of any size, whether initiated 


average. The crucial point is this: when genetic contributions to 
the grandprogeny of randomly initiated groups are pooled by 
dispersal, hamiltonian founders prove to have made a greater 
per capita contribution than fisherian founders, even though 
within every mixed group the: reverse is true. Table 2 provides a 
numerical example of this phenomenon. 

In general terms, the global proportion of grandmaternal gene 
copies in the grandprogeny that are due to A-type founders is a 
productivity-weighted average of local (within-group) propor- 
tions, derived in part II of Table 1 on the assur ption of random 
(binomial) variation among groups in the initial frequency of 
A-type and B-type founders. When A-type females are opti- 
mally hamiltonian [a = (n — 1)/2n]Jitis easily shown numerically 
(for example, with equation (9), Table 1) that the global propor- 
tion of grandmaternal jzene copies due to hamiltonian females is 
greater than the proportion of hamiltonian females among 
group founders, regardless of the progeny sex ratio produced by 
B-type founders and initial frequencies of the two types. 
(Hamilton obtained this result analytically by direct optimiza- 
tion.) In other words, whatever the mode of inheritance, opti- 
mally hamiltonian alleles will increase in frequency relative to 
fisherian (or any other) alleles in a randomly structured popu- 
lation. The present model permits a more general statement: if 
b<a<(n~1)/2n or if b>a2zi(n- 1)/2n, A-type females 
prevail at any stariting frequency; if a<(n— 1)/2n<b, a 
frequency-dependent: stable polymorphism exists (for example, 
ifn =3,a=0.1, and b =0.6, then p’ = f = 0.48). 

The force of individlual selection is independent of the number 
of founders (n) (Fig. 1), whereas the force of group selection 
increases with genetic variation among groups'*"?, which 
becomes greater as n decreases, producing increasingly female- 
biased sex ratios. If among-group variation in progeny sex ratio 
is suppressed, or if it is permitted, but differential productivity is 
eliminated by the imposition of a carrying capacity, female- 
biased sex ratios cannot evolve, regardless of n, and therefore 
regardless of the level of inbreeding, sibmating and local mate 
competition. 
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The ‘surge’ of corticosteroid in fetal plasma during late gestation 
has been implicated in the initiation of parturition and the 
maturation of enzyme systems in organs such as the lung, liver, 
adrenal medulla and thyroid’*. But in all species studied, the 
mechanism responsible for increased secretion in the fetus 
remains unclear. The hormone adrenocorticotropin (ACTH) is 
well established as the primary regulator of adrenocortical 
cellular growth and secretory function during fetal and adult 
life’. However, no increase in fetal plasma ACTH has been 
observed before the corticosteroid surge in sheep or humans”, 
although differential responsiveness of the fetal adrenal cortex 
to ACTH at various gestational ages and a possible role of 
extra-adrenal inhibitory factors have been proposed”*. The 
possible steroidogenic effect of a-melanocyte-stimulating 
hormone (aMSH) on fetal adrenocortical function is contro- 
versial’*""*, and we could not demonstrate any such action in 
fetal lamb or rabbit'’"®. Prolactin and growth hormone (GH) 
potentiate the steroidogenic effect of ACTH in adult rats™®?7 
but prolactin had no such effect in fetal lamb”. We have 
investigated the steroidogenic properties of GH, and report here 
that it stimulates adrenal steroidogenesis in the fetal but not 
maternal rabbit in vitro and in fetal but not maternal sheep in 
vitro as well as in vivo. 

We used pregnant New Zealand White rabbits of known 
gestational age (g.a. 25-30 days, term 31 days, n = 8) and 
Columbia—Suffolk strain ewes (g.a. 140-144 days, term 150 
days, n = 5). Each was killed by intravenous pentobarbitone and 
after hysterotomy, the fetuses were rapidly removed. Adrenal 
glands were removed in toto, without disrupting the capsule, and 
bathed in culture medium M199 with Hank’s salt solution 
(Gibco) containing 2.2 mM calcium chloride. Adrenals were 
pooled within each litter of rabbits. Glands were trimmed of fat 
and connective tissue, minced when necessary and bathed in 
5 ml of medium M199 containing 2.5 mg ml™' of lyophilized 
trypsin (Worthington), which digests adrenal medullary cells but 
leaves adrenocortical cells intact. We previously described'* the 
details of isolating dispersed viable adrenocortical cells by a 
modification of Sayers’ technique”. We then incubated 3 x 10° 
cells in 150 pl (rabbit) or 10° cells in 200 pl (sheep) of the culture 
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Fig. 1 Fetal lamb plasma corticosteroid concentrations before 
and after HGH infusion (shown by shaded bar). Age of lambs: A, 
138 days; @, 143 days; x, 139 days, ©, 137 days. 


medium, in duplicate with 50 pl of phosphate buffer (0.01 M 
monobasic sodium phosphate, 0.9% NaCl, pH 7.4), adding 
hunian GH (HGH, National Pituitary Agency, NIH-HS 2243E) 
or synthetic ACTH,.24 (Organon), the biologically active 
portion of the intact hormone ACTH;_»0, in the buffer. The 
incubation was performed in polystyrene tubes (12 x 75 mm) in 
a water bath at 37 °C under a mixture of 5% CO, and 95% O, 
for 2 h, after which the cells were removed by centrifugation at 
300g for 10 min. Aliquots (50 yl) of supernatant were removed, 
in duplicate, to measure corticoid production. Response to 
ACTH 24 served as the control for the steroidogenic response 
of the cell preparation. Corticosteroids were measured by a 
specific radioimmunoassay (RIA)”*”**. Because rabbit adrenals 
secrete: both cortisol and corticosterone’, an antibody (Radio- 
assay System Catalogue 147) that reacts 100% with both 
hormories was used with rabbit adrenal cells, but because 
cortisol is the major corticoid in sheep”, an antibody (Radio- 
assay ‘Swstem Catalogue 137) that cross-reacts 100% with 
cortisol and minimally with other corticoids was used with sheep 
adrenal cells. The results represent total corticosteroid produc- 
tion by dispersed rabbit and sheep adrenocortical ceils. 

For in vivo studies, pregnant Columbia—Suffolk strain ewes of 
known gesitational age and adult non-pregnant sheep were used. 
Pregnancy was confirmed by X-ray analysis between 85 and 90 
days of gestation. The maternal and fetal carotid artery and 
jugular vein were cätheterized™ at least 1 week before the 
experiment. At 137, 138, 139 and 143 days of gestation, 20 pg 








Table 1 Basal corticosteroid production and increment above basal from 
hormone stimulation by fetal and maternal rabbit adrenocortical cells 
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Corticosteroid production (ng per 3 x 10% cells per 2 h) 


Fetus in = 8} Mother (n = 4) 
Basal 3,69 + 0.66 3.38+0.52 
Increment above basal l 
ACTH (25 pg mi”) 2.69+0,32 2.804 0.26 | 
ACTH (125 pgmt!)  3.9620.47f" 00 3.85 0.1 lp ots 
HGH (1.25pgml"') 3.304037, 9 95 -0.05 + 0.08 
HGH (2.5 pg ml") 4.59+0.27/ ~0,04 40.05 








Values are mean +5.e.m. 
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of HGH in 8 mi of normal saline was infused for 1 h through the 
fetal jugular vein. Fetal arterial blood (1 ml) was drawn at timed 
intervals before and after starting HGH infusion as indicated in 
Fig. 1; pH, pO, and pCO, were measured before and after 
infusion and were similar and in the normal range of our 
experimental animals. To exclude the effects of stress due to 
saline infusion, two animals earlier infused with HGH were 
infused with 8 ml of normal saline through the fetal jugular vein 
at 140 and 141 days of gestation and fetal corticosteroid 
concentration in plasma measured. We also infused HGH into 
catheterized adult sheep (n = 3) using the same protocol. With- 
drawn blood was immediately centrifuged at 500g for 10 min at 
4°C and plasma stored at ~20 °C until measurement of corti- 
costeroid concentrations”*. Plasma concentrations of HGH 
achieved in vivo were measured by RIA” in two fetal and one 
adult sheep before and after HGH infusion. 

The mean basal production of corticoids, and the increase 
(mean +s.e.m.) due to hormonal stimulation in rabbit and sheep 
adrenal cells are shown respectively in Tables 1 and 2. Although 
fetal cells from both species significantly increased steroido- 
genesis under the influence of ACTH,_., or HGH, the maternal 
cells responded to ACTH;.., only. Furthermore corticoid 
production by fetal rabbit and fetal sheep cells after incubation 
with 2.5 ug ml~' of HGH was significantly higher than after 
1.25 ug mI“ (paired t-test P< 0.02). 

Basal plasma corticosteroid concentrations in fetal lamb were 
significantly higher than in adult sheep (Figs 1, 2), but in both 
were within range reported by others*’*”. Plasma corticosteroid 
concentrations increased between 60 and 350% above basal 
after infusion of HGH in all four fetal lambs (Fig. 1). No such 
increase was noted in fetuses infused with saline or in adults 
infused with HGH (Fig. 2). Basal fetal and adult plasma HGH 
concentrations were less than the sensitivity of the assay 
(0.1 ng mI”), indicating minimal cross-reaction between endo- 
genous ovine growth hormone and the HGH, especially as GH 
concentrations in ovine fetal plasma are high®***. Fetal lamb 
plasma HGH concentrations at the end of infusion (+60 min) 
were 15.3 and 25ngml™' while adult sheep plasma HGH 
concentration was 2.1 ng m!7!. 

The HGH we used is a highly purified immunochemical. 
Because maternal adrenal cells showed no steroidogenic 
response, unlike fetal celis, contamination of HGH with biolo- 
gically active ACTH seemed unlikely. To confirm this assump- 
tion, the buffer and 2.5 ug of HGH in the buffer were assayed for 
ACTH by RIA at Nichols’ Institute’. The ACTH concen- 
trations in HGH plus buffer were the same as those in the buffer 
alone. Contamination with aMSH seemed unlikely for the 
following reasons. Using the same dispersed cell system and 
RIA techniques, we have observed no steroidogenic effect of 
a@MSH in concentrations from 8 to 800,000 pg mI”? in either 
fetal sheep or rabbits at various gestational ages'”"*. Similarly, 
infusion of 75 ug of synthetic a MSH (Bachem) in chronically 
catheterized fetal sheep at 127-130 days of gestation (n = 4) 
produced no increase above basal fetal plasma corticosteroid 
concentrations’. As a direct steroidogenic effect of HGH was 
observed in vitro, the increase in fetal plasma corticosteroid 
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Fig. 2 Adult sheep plasma corticosteroid concentrations before 
and after HGH infusion (shown by shaded bar). 


` 
Table 2 Basal corticosteroid production and increment above basal from 
hormone stimulation by fetal and maternal sheep adrenocortical cells 
eae ern car eee oes EPO ne AA Oe CeO cet MAID NOE RE IN eee A RES 
Corticosteroid production (ng per 10° cells per 2 h) 


Fetus {n = 5) Mother (nm = 3) 
Basal 1.79+0.42 1.922+06.59 
Increment above basal 
ACTH (25 pg mi’) 2.87 + 0.63 §.04+1.54 
HGH (1.25 ug mim!) 3.08 + 0.86 P<001 ~0,1520.17 
HGH (2.5 pg ml’) 5,331.1 ' 060.13+0.19 
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Values are mean +3.e.m. 


observed in vivo is unlikely to have been due to ACTH released 
from the fetal pituitary. 

Although no data are available for the rabbit, fetal plasma GH 
concentrations are very high compared with those during 
neonatal and adult life in sheep**** and humans**. Because GH 
does not cross the placenta and the metabolic clearance rates in 
the fetal and neonatal period are similar”, high fetal plasma 
concentrations probably represent increased secretion by the 
fetal adenohypophysis. The physiological significance of high 
fetal plasma GH concentrations is unclear; it does not seem to be 
essential for somatic growth”. Our findings provide the first 
experimental evidence that GH directly influences adrenal 
steroidogenesis during fetal life. Although concentrations of 
HGH achieved in vivo were within the physiological concen- 
trations of ovine GH observed in fetal (up to 250 ng ml~') and 
adult sheep plasma****, the concentrations of HGH tested in 
vitro were one log order greater. Using entire adrenal glands 
rather than dispersed cells, collected from fetal rabbits at 24-27 
days of gestation, Rudman et al. observed no increase in corti- 
costerone production due to HGH stimulation’®. The dis- 
crepancy with our results may be due to the different design of 
the experiments, the different gestation, the different RIA or a 
combination of these factors. 
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The respiratory burst of 
phagocytic cells is 
associated with a rise in vacuolar pH 
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Neutrophil leukocytes are the body’s major defence against 
bacteria, which they phagocytose and kill. It has been found that 
phagocytosis and killing are accompanied by a dramatic rise in 
non-mitochondrial respiration’’?; and that the efficiency of 
killing is impaired in the absence of oxygen’. It is also impaired 
in neutrophils from patients with chronic granulomatous disease 
(CGD), where the respiratory burst is absent". This has been 
difficult to reconcile with their normal content of granule pro- 
teins that kill bacteria in vitro®. Indeed, CGD cells are essen- 
tially normal both morphologically and constitutionally” 
except that they lack a functional very low potential cytochrome 
b (b_245)°, which is a component of the oxidase system respon- 
sible for the respiratory burst of normal cells'°”’. Activation of 
the oxidase is associated with the generation of various reduced 
oxygen species” "f which have been widely thought to be 
responsible for the killing of phagocytosed microorganisms 
either directly’’, or by acting as substrates for myeloperoxidase- 
mediated halogenation’®. We report here, however, that a 
major consequence of the defective function of this oxidase in 
neutrophils and monocytes from CGD patients is an absence of 
the normal initial rise, and an unusually rapid and extensive fall 
in pH which is itself associated with the impairment of the killing 
and digestion of intracellular staphylococci. 

Phagocytosis and bacterial killing were measured in cells from 
five severely affected male patients with X-linked CGD, all of 
whose cells lacked spectral evidence of cytochrome b_ 24: (ref. 9), 
a mildly affected girl with the autosomal recessive variant” and 
normal subjects. Phagocytosis was assayed by lysostaphin lysis 
of extracellular organisms’’. It was very rapid in normal cells 
(t; >= 0.65 min) and maximal at 4 min (Fig. 1). The bacteria 
then re-emerged from the cells as shown by an increase in 
extracellular radioactivity from 13% at 4 min to 32% at 16 min. 
This expulsion of phagocytosed material, mostly in the form of 
particles which sedimented after gentle centrifugation, has been 
described previcusly*’. Phagocytosis by the patients’ cells was 
slightly slower (/,;.= 1.26 min), and there was no evidence of 
the subsequent release of bacteria from the cells (Fig. Į): 

Bacterial killing by normal cells was very rapid (Fig. 1). The 
patients’ cells also killed more than half the organisms and when 
corrections were made for extracellular organisms it was cal- 
culated that no bacteria remained viable within normal cells and 
that only 22% of those within the patients’ cells survived. 

To what can one attribute the reduced efficiency of bacterial 
killing by CGD cells? We have previously proposed that one 
role of the vacuolar cytochrome system is to regulate the pH 
within phagocytic vacuoles''*', and there is evidence that the 
pH falls faster after phagocytosis in CGD than in normal cells”. 
Thus, we measured early pH changes in the phagocytic vacuoles 
of leukocytes from healthy and granulomatous individuals, 
using the pH indicator fluorescein”? conjugated to Staphylococ - 
cus aureus. Glass coverslips were coated with monolayers (1 x 
10* cells mm™) of neutrophils (>95% pure) and mononuclear 
cells (>80% monocytes) which were then exposed to a suspen- 
sion of fluoresceinated bacteria at 4 °C. The pH of the bacterial 
environment was determined by measuring fluorescein emission 
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Fig.1 Phagocytosis and killing of staphylococci by normal (0,0) 
and CGD (x) neutrophils. Solid line, intracellular bacteria; broken 
line, viable bacteria (%). S. aureus (Oxford Strain NCTC 6571) 
from an overnight culture in broth (Oxoid) containing 
25 pCi ml”! °H-glucose (Radiochemical Centre, TRK. 85) were 
opsonized with human IgG (ref. 41) and added (in a 1: 1 ratio) to 
1x 10° purified neutrophils (>95% in normals, patients’ cells 
containing 5-10% eosinophils) in 1.5 ml RPMI 1640 medium 
(Flow Labs) containing 5 IU ml’ heparin in a rapidly stirred 
thermostatically controlled chamber’. Aliquots (50 pl) were 
taken into 500 yl ice-cold RPMI containing N-ethyl maleimide 
(1 mM) and 100 pg ml” lysostaphin (Sigma). The samples were 
mixed, incubated at 37 °C for 15 min, recooled and centrifuged at 
7,000g for 4 min. Radioactivity in the supernatant was measured in 
a liquid scintillation counter. Fifty-microlitre aliquots of the mix- 
ture of bacteria and cells were taken at the same times into 10 mi 
ice cold H20. After 1 h aliquots were plated out for colony counts. 
Results are expressed as the mean +s.e, of seven studies on cells 
from six CGD patients, each study being controlled with a simul- 
taneous study on normal cells. Lactate dehydrogenase (mean +s.e. 
of four experiments) release? from normal cells is shown (MD). 


at selected excitation wavelengths at various times after the 
initiation of phagocytosis. In normal neutrophils an increase in 
peak fluorescence corresponding to an apparent rise of 
intravacuolar pH to 7.75 was observed within the first 2 min 
(Fig. 2). Thereafter the pH fell slowly to 6.0-6.5 after 2h. The 
same pattern was observed with normal monocytes (Fig. 2b). 
Similar studies with yeasts impregnated with the pH indicator 
bromothymol blue?”** also showed that almost immediately 
following phagocytosis by normal cells there was a transient 
colour change from yellow to blue indicating a rise in pH from 
6.8 in the medium to >7.6. 

The pattern of pH changes with phagocytosis was clearly 
different in CGD leukocytes. There was neither colour change 
with bromothymol blue-impregnated yeasts, nor initial fluores- 
cence increase with fluorescein-labelled S$. aureus; instead the 
pH fell rapidly from 7.4 to 6.7 within 2 min. The final vacuolar 
pH of 5.5 was lower than that of normal cells. Addition of 
methylamine, which elevates the pH of secondary lysosomes’, 
to the cell perfusate and the pre-incubation medium, effectively 
prevented this early rapid drop in vacuolar pH (Fig. 2), although 
phagocytosis was not inhibited. 

Furthermore, spectra from fluorescent S. aureus bound to 
CGD or normal neutrophils at 10 °C (before phagocytosis) were 
identical to the spectrum of the free bacterium at pH 7.4, 
whereas after 13 min incubation at 37°C the spectra were 
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completely different; that of CGD cells could be fitted best by 
the pH 5.9 spectrum of fluorescein and that of normal cells by 
the pH 7.0 spectrum (data not shown). 

When the experiment was repeated with normal human neu- 
trophils in anaerobic conditions, achieved by perfusing the cells 
with degassed buffers or mixing a concentrated suspension of 
neutrophils with the fluorescent bacteria at 4°C in fine capil- 





2 6 10 14 
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Fig. 2 Phagosomal pH in leukocytes after phagocytosis. a, Neu- 
trophils: mean +s.d. of two studies on each of two patients with 
CGD and one study on a third (A) and on five paired control 
subjects (@). The effects of methylamine”? (10 mM) on the pH 
within CGD cells (W) and cytochalasin 8 (1 pg ml~') on control 
cells (©) are also shown. b, Monocytes: mean results of studies on 
two CGD patients (A) and paired control subjects (@). S. aureus 
(50 ul of packed organisms) was well washed with saline and 
50 mM pyridine—HCl buffer, pH 5.0. The bacteria were resus- 
pended in 1 ml of the same buffer and mixed with 40 pl of 
fluorescein amine isomer I (Sigma), 1 mg ml! in dioxan. One mg 
of 1-ethyl 3-diaminopropyl carbodiimide was added and the 
suspension agitated for 2 h. The suspension was washed first in the 
pyridine buffer containing 100 mM glycine and then in saline. 
Fluorescence microscopy showed that the killed bacteria had been 
uniformly surface labelled. Freshly isolated human neutrophils or 
mononuclear cells“ were allowed to attach to acid-etched glass 
coverslips for 15 min at room temperature. Non-adherent cells 
were then washed away with RPMI medium, and the resulting 
monolayers were stored under this medium. Fluorescent S. aureus 
opsonized with IgG (ref. 41) were allowed to sediment on to 
leukocyte monolayers and attach at 4 °C for 20 min. Free or loosely 
bound labelled bacteria were removed by vigorous washing in 
ice-cold saline or RPMI medium. Fluorescence monitoring with a 
Perkin-Elmer MPF 4 fluorimeter began immediately after transfer 
of the cold monolayer to pre-warmed fluorescence cuvettes per- 
fused with oxygenated RPMI medium at 37°C. Phagosomal pH 
was calculated from the shape of the pH-dependent excitation 
spectrum of fluorescein by comparison with calibration spectra 
over a pH range of 4-8 from the same fluorescent bacteria ad- 
sorbed to glass in the absence of cells. The excitation spectra from 
fluorescent bacteria were corrected for the intrinsic fluorescence of 
the leukocytes and for scattered light. 


laries which were then sealed, the initial pH rise was abolished 
and the pH fell rapidly, just as in the CGD patients’ cells. 

In these experiments bacteria were layered on the monolayers 
of cells at 4 °C to permit attachment without phagocytosis, which 
was then synchronized by rapid warming to 37°C. To ensure 
that cooling the cells to 4°C was not modifying the results, the 
cells were incubated with bacteria at 25°C for 30s before 
vigorous washing and pH measurement. The same pH changes 
as described above were observed in normal and CGD cells. 
Pre-incubation with cytochalasin B (5 uM) retarded phagocy- 
tosis and diminished and delayed the pH changes (Fig. 2). 
Neither the direct action of the products of the oxidase, 
generated at pH 7.4 with a xanthine oxidase~hypoxanthine 
system’, nor the method of coupling the fluorescein to the 
organism, On carboxyl groups with carbodiimide or on amino 
groups with isothiocyanate, altered the fluorescence charac- 
teristics of fluorescein. 

The fluorescence measurements include signals from both 
phagocytosed bacteria and extracellular organisms which 
remain in the buffered medium. As the constant signal from the 
latter minimizes the average change, and consequently that 
attributable to intracellular particles, it was important to 
measure the phagocytosis of bacteria by the monolayer cells, 
which was done by the release of radioactivity from extracellular 
bacteria after digestion with lysostaphin as described in Fig. 1 
legend. Fifty per cent were taken up by 30 s, 80% by 2 min anda 
maximum of 10% finally remained extracellular. The kinetics of 
phagocytosis were the same in cells from a patient with CGD. In 
studies with fluorescent S. aureus the addition of lysostaphin 
after 15 min caused a small decrease in fluorescence, but 
insufficient to alter the pH profiles, confirming that the pH 
measurement pertained to organisms within the cell.. 

To determine whether the excessively acid conditions within 
the vacuole of CGD cells could explain the defective bacterial 
killing, we examined the killing of staphylococci by the cells of 
two patients in the presence and absence of 10 mM methyl- 
amine, which we had shown to elevate the pH in the vacuoles of 
patients’ cells (Fig. 2). Regression analysis of the relationship 
between extracellular and viable organisms (see Fig. 1 legend) 
indicated that in the presence of methylamine (which did not 
itself kill bacteria) all the intracellular organisms were killed and 
that bacterial killing was significantly better {P < 0.027" than in 
its absence. 

To investigate other possible effects of the excessive acidity in 
CGD vacuoles we measured the digestion of radiolabelled, 
heat-killed staphylococci. Solubilization of the phenylalanine 
label was less than half of normal, that of the incorporated 
glucose was about 80% of normal whereas that of uridine label 
was normal (Fig. 3). Phagocytosis of the labelled bacteria by the 
two groups of cells was similar. The differences in the solu- 
bilization of bacteria seemed unrelated to differences in their 
content of hydrolytic enzymes because incubation of labelled 
bacteria with homogenates of normal or CGD cells at pHs of 5-8 
released similar amounts of radiolabelled phenylalanine and 
glucose. Nor could the reduced solubilization in CGD celis be 
accounted for by less efficient degranulation. Phagacytic vacu- 
oles, isolated by flotation’®, from four patients were in fact found 
to contain more enzymes than normal, the specific activities of 6 
glucuronidase”, lysozyme”* and myeloperoxidase” being 4.55, 
2.86 and 1.19 of those in vacuoles from the paired control cells. 
Half-maximal degranulation times for these enzymes, deter- 
mined over 1 h, were normal’®. 

We next investigated the difference between the expulsion of 
phagocytosed bacteria by normal and CGD cells (Fig. 1). We 
found that normal cells released three times more solubilized 
*H-glucose label than cells of the four patients (Fig. 3a, P< 
0.0025)*°, although cell damage as measured by lactate de- 
hydrogenase release*® after incubation for 2h was not 
significantly different (5.7 + 1.2 (s.e.) in controls and 8.0+3.9% 
in patients). For morphological studies cells and bacteria 
were incubated in the conditions used in the killing assay (see 
Fig. 1 legend) and timed samples were collected for electron 
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the ingested bacteria, and that the vacuoles in CGD cells are 
much smaller because, as shown in Fig. 3, digestion within their 
vacuoles is impaired. This hypothesis is supported by our 
findings that even after incubation times as long as 1 h there is 
virtually no swelling of vacuoles by normal cells after the 
phagocytosis of indigestible latex particles opsonized with the 
same IgG as the bacteria, and that in the presence of methyl- 
0 amine, which enhances bacterial digestion, the mean volume of 
© the patients’ vacuoles increased from a calculated 4.5 to 15 pm” 
(P <0.005, see Fig. 4 legend). 

We suggest that the normal sequence of events following 
phagocytosis of staphylococci is as follows. After entry of the 
bacteria, the vacuole oxidase system elevates the intravacuolar 
pH via a cytochrome b_.4; mediated?" transport of electrons 
from the cytosolic to the lumenal surface. The resultant reduc- 
tion of molecular oxygen to O03” would consume protons during 
the formation of H-O, (refs 13, 14), raising the intravacuolar 
pH. The raised pH facilitates killing and bacteriolysis by granule 
proteins? "$ following which the pH of the vacuoles is reduced 
to optimize the activities of hydrolases and other proteins with 
acid pH optima”. In normal vacuoles the generation of low- 
molecular-weight hydrolysis products is evidently sufficiently 
rapid to swell osmotically the vacuoles containing the disin- 
tegrating organisms. The vacuole enlarges until it comes into 
contact and fuses with the plasma membrane, releasing the 
partially digested bacterium and solubilized products, possibly 
with immunogenic potential, into the extracellular environment. 
In CGD, however, the absence of the oxidase results in a rapid 
fall in vacuolar pH inhibiting the killing mechanisms, although 
not before they have disposed of most of the ingested organisms, 
0 and impairing subsequent microbial digestion and its effects on 

30 60 120 vacuolar morphology. Impaired digestion could account for the 
Ti ad lipochromic material that accumulates within histiocytes in the 
ime (min) 38,39 
tissues of these patients’ 

Differences in the control of the pH of endocytic vacuoles 
might be one of the factors responsible for variations in the 
susceptibility of individuals to infection and could be manipu- 
lated therapeutically*”. 





%, Bacterial radioactivity (released or solubilized) 





Fig.3 Solubilization of heat-killed radiolabelled staphylococci 
by, and release of solubilized radioactivity from, CGD and normal 
neutrophils. Bacteria were grown in broth containing “H-glucose 
(25 pCi mi” H, 3H-uridine (1 pCiml™') or 'C-phenylalanine 
(0.2 Ci ml *) (Radiochemical Centre) and then washed, killed by 
heating i ina boiling water bath for 10 min, rewashed and opsonized 
with IgG*? . Radiolabelled bacteria were mixed with cells (1: 1) and 
rapidly shaken at 37 °C. Solubilization was measured by lysing the 
cells. with distilled water, centrifuging at 8,000g for 10 min, 
homogenizing the pellet in distilled water recentrifuging and 
counting the radioactivity in the supernatants. Release of solu- 
bilized radioactivity was examined by centrifuging the cells and 
bacteria at 7,000g for 1 min after various incubation times, and 
determining the radioactivity in the supernatant. a, Solubilization 
of uridine (mean of two patients, W, and controls, CJ) and glucose 
(mean +s.e. of four patients, @, and controls, ©) and release of the 
solubilized *H-glucose label (mean +s.e. of four patients, *, and 
controls, sr). b, Solubilization of '“C-phenylalanine by cells from 
two patients (A) and controls (A). Methylamine (10 mM) enhanced 
solubilization by both the CGD (V) and control (x ) celis. 





Fig.4 Transmission electron micrographs of neutrophils from a, 
a normal subject, and b, a male patient with CGD (5,600). 


microscopic examination. After about 2 min the vacuoles in 
normal, but not in CGD, cells began to swell and became much 
larger than the enclosed bacterium (Fig. 4). The mean vacuolar 
volume in normal cells, as calculated from the cross-sectional 
area of vacuoles on electron micrographs, was approximately 
15 pm?’ after 8 min and 22 pm’ after 16 min, in comparison with 
4.0 and 4.5 pm’? in the patients’ cells after the same incubation 
times (see Fig. 4 legend). 

The abnormally small size of phagocytic vacuoles in CGD*"! 
has been attributed to a reduction in the release of granule 
contents into the vacuole as a result of defective degranulation. 
However, as described here and by others*’, degranulation is 
not defective in CGD and although the enlarged vacuoles seen 
in normal cells appear swollen, they are not obviously distended 
with electron-dense granule contents. We propose instead that 
phagocytic vacuoles in normal cells enlarge as a result of the 
attraction of water by osmotically active digestion products of 


Samples were fixed and processed 16min after exposure to 
opsonized staphylococci. Phagocytic vacuoles in normal cells were 
found to be enlarged and to contain bacterial debris whereas those 
in CGD cells were much smaller and the bacteria appeared 
undegraded. Prints were made of electron micrographs of 10 
randomly selected cells at each time interval and between 20 and 
40 phagocytic vacuoles containing bacteria that appeared to have 
been sectioned through their region of maximum diameter were 
excised and weighed. The samples were coded and only identified 
after the conclusion of the measurements. Cross-sectional areas 
were determined by comparing the weights of excised vacuoles 
with those of intact bacteria (radius ~0.6 um)**. The cross- 
sectional areas of the patients vacuoles were significantly smaller 
than those of the control (2.8+0.2 and 2.9+0.2 compared with 
6.5+1.2 and 8.3+1.0 times that of the bacteria at 8 and 16 min 
respectively, P<0.005 and P<0.001)**. The cells of another 
patient were examined and although not quantified, the vacuoles 
were also obviously much smaller than those in the paired control 
cells. 
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The extensive breakdown of immune homeostasis in the 
motheaten mouse (me/me) has been ascribed to a single gene 
defect on chromosome 6 (ref. 1). These mice develop skin 
lesions within the first week of life, do not thrive, and die within 
the first 3-8 weeks’. There is severe hypergamma- 
globulinaemia*® with multiple species of circulating autoanti- 
body>" and deposition of immune complexes in the thymus, 
skin, lungs and kidneys’. A single gene defect producing such 
catastrophic results may provide an important model for under- 
standing autoimmune phenomena. We report here a virtual 
absence of terminal deoxynucleotidyl transferase-positive 
(TdT*) cells in the bone marrow, thymus and spleen of 
motheaten mice. TdT is a DNA polymerase which has the 
unique capacity to polymerize nucleotides in the absence of 
template direction®. Although no in vivo biological function of 
this enzyme has been established, its unique appearance in the 
bone marrow and thymus of adult mammals and its in vitro 
biochemical activity“ have led to a proposed role for TdT in the 
somatic diversification of lymphocytes’. Bone marrow TdT* 
cells have been shown to belong to both T° and B”’® cell 
populations and may also include precursor cells common to 
these lineages’. Although the role of TdT in the acquisition of 
appropriate T- and B-cell specificities is not known, our results 
are the first to correlate the virtual absence of TdT” cells with a 
severe autoimmune syndrome. We investigated the level of 
TdT" cells in neonatal me/me mice and their normal littermates 
and the susceptibility of TdT* cells to circulating autoantibody 
in motheaten mouse serum. 

Bone marrow, thymus and spleen cells obtained from 21-25- 
day-old C3HeB/FeJ me/me mice, their normal littermates and 
C3HeB/Fe] wild-type mice were stained for TdT with 
immunoadsorbent-purified rabbit anti-calf TdT, previously 
shown to have good cross-reactivity with mouse TdT'’. The 
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TdT-specific reagent was visualized with fluorescein iso- 
thiocyanate (FITC)-conjugated F(ab’), goat anti-rabbit IgG. We 
found an extremely low incidence of TdT” cells in both bone 
marrow and thymus of me/me mice compared with normal 
littermates and wild-type mice (Table 1). Most of the motheaten 
mice examined had no TdT” cells, but when present, the 
numbers of these cells seemed to be inversely correlated with the 
severity of disease as judged by body weight and skin lesions 
(unpublished data). 

As me/me mice possess circulating IgM autoantibodies to 
thymocytes'*''*, we tested whether or not motheaten mouse 
serum had autoantibody to TdT” cells in the lymphoid tissues. 
Serum was collected from 10 me/me mice and 10 normal 
littermates between 21-25-days old, and incubated with 
C3HeB/FeJ wild-type bone marrow and thymus cells (Table 2). 
The binding of me/me serum IgM to normal bone marrow and 
thymus cells was visualized with tetramethyirhodamine iso- 
thiocyanate (TRITC)-conjugated specific goat anti-mouse p 
(ref. 14) and TdT was stained as already described. As shown in 
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Fig. 1 The incidence of TdT” cells in the thymus (a) and bone 

marrow (6) of me/me mice (A) and their normal littermates (©). 

Cells were collected and stained as described in Table 1. Over 

1,000 cells were counted in cytocentrifuge preparations from each 
of five individual mice; values plotted are mean+s.d. 
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Table 2, motheaten mice possess circulating IgM autoantibodies 
that bind to 64.28+ 10.37% of normal thymocytes and to 
15.38 +7.54% of bone marrow cells: IgM in normal littermate 
serum samples did not bind to any cells. In the thymus, most of 
the cells that bound me/me autoantibody were also TdT”, in 
contrast to the bone marrow, where none of the cells that bound 
autoantibody were TdT”. 

The virtual absence of TdT* cells in the thymus of me/ me 
mice in the terminal stages of the autoimmune disease may be 
due to cytolysis by circulating autoantibody. In the thymus of 
normal littermates, 56.2 + 2.5% of cells were TdT“ by 7 days of 
age and the incidence of these cells remained almost constant up 
to day 21 (Fig. 1; compare with ref. 6, Fig. 1), but in me/me mice 
only 19.6 + 6.8% of thymus cells were TdT™ at 7 days. By day 12 
the incidence of TdT” cells in the thymus of me/me mice had 
fallen to 0.45+0.19% and remained at this barely detectable 
level up to day 21. In normal littermates 3.89 + 1.01% of bone 
marrow cells were TdT” at day 7, increased to 5.91 + 0.67% by 
day 12 and remained at 4.4242.10% on day 21. In me/me 
mouse bone marrow only 0.54+0.45-0.76+0,75% of 
nucleated cells were TdT” at all time points of observation. 

One explanation for the virtual absence of TdT“ cells in the 
thymus of motheaten mice by the age of 3 weeks could be 
autoimmunolysis of TdT” thymocytes—such cell death would 
be consistent with the decrease in total thymic cellularity during 
the first 3 weeks’. Our data suggest that the primary targets for 
the autoantibody are the TdT* thymocytes found in the thymus 
cortex'’. Unlike the thymus, the number of TdT‘ cells in 
motheaten marrow was low throughout the observation period. 
Because no binding of autoantibody to TdT* cells could be 
demonstrated in the bone marrow of 21-25-day-old wild-type 
mice, it is difficult to attribute the absence of TdT” cells in the 
marrow to autoimmunolysis. There are four possible explana- 
tions for this: (1) cells in defective bone marrow produce a 
variant of TdT not recognized by our antibody; (2) TdT* cells 


ein iia es a a te 
Table 1 Incidence of TdT-positive cells in the thymus, bone marrow 
and spleen of motheaten and normal mice 
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% TdT” cells 


Thymus Bone marrow Spleen 
Wild type 52.50 + 12.34 3.66 + 1.49 0.12 +0.27 
Normal 
httermates 54.25 + 19.99 4.21+2.08 4.662+2.13 
Motheaten 1.43+1.89 0.72+0.81 0.61+0.54 


PETE A an OT eT 

Motheaten mice on a C3HeB/FeJ background, normal littermates 
and wild-type C3HeB/FeJ mice (obtained from our own breeding 
colony or from Jackson Laboratories) were killed by cervical dis- 
location, the femora removed and the contents flushed at 4°C with 
Hanks’ balanced salt solution (HBSS, Microbiological Associates) 
which contained 5% heat-inactivated fetal calf serum (FCS, Micro- 
biological Associates) and 0.08% NaN;3. Spleens were placed in HBSS at 
room temperature and teased to extrude cells. Thymic lobes were 
minced in cold HBSS. Single cell suspensions of each tissue (>90% 
viable as assessed by trypan blue exclusion) were washed twice in HBSS. 
An equal volume of 2% paraformaldehyde in phosphate-buffered saline 
(PBS, pH 7.2) was added to 1.5~2.0x 10° bone marrow, spleen and 
thymus cells in 0.25 ml HBSS. The cell suspension was kept on ice for 
15 min followed by cytocentrifugation (Shandon Scientific) on te clean 
glass slides at 500 r.p.m. for 3 min, Slide preparations were air dried and 
immediately fixed in absolute methanol for 20 min at 4°C, then re- 
hydrated through three changes of PBS containing 0.05% NaN; at 4 °C 
and dried, excluding the area of the fixed cells which remained wet 
throughout the staining procedure. Monospecific rabbit anti-TdT 
(10 yl, Lot A02; 30 yg mi”! antibody, 100 ug ml” BSA) was applied 
and incubated for 30 min at room temperature in a humidified chamber. 
Slides were washed three times in excess PBS and incubated a second 
time with 10 yl of FITC-F(ab’), anti-rabbit IgG (10 ug ml” | in PBS with 
100 ug ml~’ of BSA). Slides were finally washed in excess PBS (0.05% 
NaN3) for 6-10h, mounted in Tris-buffered glycerol, pH 9.5, and 
counted on a Leitz Ortholux epifluorescent microscope. Over 1,000 
consecutive cells were counted from each of five individual mice, values 
are mean +s.d. 
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Table 2 Percentage of bone marrow and thymus celis of wild-type 
C3HeB/FeJ mice that bind autoantibodies 


Normal 
littermate me/me serum” 
serum“ me/me serum“ and TdT* 
Bone marrow 0 15.38+7.54 0 
Thymus 0 64.28 + 10.37 52.50+17.3 


Sheenam 

To assay circulating autoantibodies in me/me mice, bone marrow and 
thymus cells from wild-type C3 HeB/FeJ mice were first incubated with 
intact or F(ab’). goat anti-mouse u specific antibody for 30 min on ice to 
block pu determinants on the cell surface. Cells were then washed three 
times in HBSS (5% FCS, 0.08% NaN;). Blocking efficiency was checked 
by incubation of these cell samples with TRITC-conjugated F(ab’), goat 
anti-mouse p° for 30 min on ice followed by two washes of the cells with 
HBSS. This procedure routinely reduced detection of u” cells to <0.5% 
in the marrow. One aliquot of the cell samples was mixed with normal 
mouse serum (diluted 1:5 in HBSS) and another aliquot with me/ me 
mouse serum (diluted 1:5 in HBSS) and both were incubated for 30 min 
on ice. Both cell aliquots were then washed twice in HBSS followed by 
incubation with TRITC-F(ab’), goat anti-mouse u as described. 
Washed cell aliquots were fixed in paraformaldehyde as described in 
Table 1 legend, cytocentrifuged on to clean glass slides and stained for 
TdT (see Table 1). Cell preparations were mounted in Tris-buffered 
glycerol, pH 7.0, and counted on a Leitz Ortholux epifluorescent 
microscope with appropriate filtration for scoring of both FITC-labelled 
TdT and TRITC-labelled IgM autoantibodies on the same slide. Cell 
counts represent >1,000 celis counted for each of 10 preparations: 
mean s.d. 


are normally thymus derived; (3) TdT™ cells are rapidly expor- 
ted from motheaten marrow to the involuting thymus or (4) 
there is a defective production of TdT* bone marrow cells in 
these mutant mice. The first of these explanations seems 
unlikely because it requires postulating a species of TdT in 
me/me bone marrow that is antigenically distinct from TdT in 
me/me thymus or from that in normal mouse bone marrow and 
thymus cells. The post-thymic origin of TdT” bone marrow cells 
is also considered unlikely because such cells are present in 
normal numbers in nude mouse bone marrow". Present data do 
not allow a choice between the rapid export and deficient 
production of TdT” cells. However, even if the paucity of TdT* 
cells in the bone marrow is due to accelerated migration to the 
thymus, this explanation would not account for the absence of 
those TdT” cells in the marrow which are committed to the 
B-cell lineage, because such cells are unlikely to migrate to the 
thymus. 

The gross abnormality in immunoglobulin production that 
characterizes the me/me syndrome may well be linked to the 
defect in TdT” B-lineage cells, whereas other manifestations of 
the me/me syndrome may depend on defects in TdT* T cells of 
both bone marrow and thymic origin. Defective production of 
TdT or of TdT” cells in the me/me mouse may provide 
important clues about autoimmunity and the normal biological 
function of TdT. If the enzyme does play a part in the somatic 
diversification of the molecules by which lymphocytes recognize 
antigen, then a failure in its production in the developing cell 
lineage might result in severely decreased heterogeneity of those 
molecules and in the antigen recognition capacity of the me/me 
mouse. Twenty-one-day-old me/me mice fail to respond to 
foreign antigenic stimulation by either specific antibody 
production™'*!® or the generation of cytotoxic killer cells'®, yet 
they exhibit hypergammaglobulinaemia!*"® and normal 
numbers of peripheral T cells'*'*. Preliminary data from our 
laboratory show that serum immunoglobulins from me/me mice 
have a lower heterogeneity than immunoglobulin from normal 
littermate serum analysed on two-dimensional polyacrylamide 
gels after immunoprecipitation of radiolabelled immunoglo- 
bulins (D. Putnam, K. McCoy, A. Jones and J. Clagett, unpub- 
lished data). These results strengthen the hypothesis that the 
underlying cause of motheaten pathology may, in part, result 
from a defect in the production of TdT. 
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It is intriguing to speculate that a failure in production of TdT~ 
lymphoid precursor cells may be an important defect in 
autoimmune disease, but other animal models of immune dys- 
function. need to be examined for changes in TdT-bearing cell 
populations during the progression of disease. Immunodeficient 
nude mice have near normal bone marrow TdT* populations 
that develop early in neonatal life’’ in the virtual absence of 
TdT” thymocytes. The nu/nu mouse defect is primarily related 
to T cells whereas the me/me mutation affects both T and B 
functions. 

This work was supported by USPHS grants CA-20823, CA- 
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The tumour promoter 12-0O-tetradecanoyl-phorbol-13-acetate 
(TPA) and structurally related phorbol esters effect changes in 
avian and mammalian cell cultures that mimic transformation by 
oncogenic viruses or chemical carcinogens and the inhibition or 
induction of various types of differentiation (for review see refs 
1-3). Unlike initiating carcinogens, which seem to act by binding 
covalently to cellular DNA, the primary site of action of the 
phorbol ester tumour promoters seems to be the cell 
membrane”; indeed, specific high-affinity saturable receptors 
for phorbol esters have been identified in cell membranes**. The 
recently discovered class of tumour promoters, the teleocidins’, 
are as potent as TPA in the induction of ornithine decarboxylase 
in mouse skin, the inhibition of differentiation of Friend eryth- 
roleukaemia cells, the induction of HL-60 cell adhesion’ and the 
promotion of tumours on mouse skin’. As the teleocidins are 
structurally unrelated to the phorbol esters, we set out to 
determine their effects on cell membranes and receptors. We 
found that in rodent cell cultures, teleocidin B and dihy- 
droteleocidin B have effects similar to those of TPA and that, at 
nanomolar concentrations, teleocidin inhibits the binding of 
phorbol esters to cell-surface receptors, which suggests that the 
action of both classes of compounds may be mediated by the 
same or a similar receptor system. 


TPA enhances the transformation of the mouse embryo cell 
line C3H 10T1/2 cells on first exposure to radiation or chemical 
carcinogens”. It was of interest, therefore, to see if TPA and 
the teleocidins exert similar biochemical effects in these cells. 

An early membrane response to TPA in mouse skin and 
certain cell cultures is induction of arachidonic acid release from 
membrane phospholipids, associated with the synthesis of the 
arachidonic acid products prostaglandin E, and F3, (refs 11- 
13). In Fig. 1, C3H 10T1/2 cells were prelabelled with *H-. 
arachidonic acid in conditions in which >95% of the acid is 
incorporated in phospholipids”. The subsequent addition of 
TPA, teleocidin B or dihydroteleocidin B (100 ng ml’) to these 
cultures led to the rapid release of 7H-arachidonic acid into the 
media (Fig. 1a), reflecting increased phospholipid degradation. 
As with TPA, the teleocidin-induced release of arachidonic acid 
was also associated with increased synthesis of prostaglandins E, 
and F-a (data not shown here). Concentration curve studies 
indicated that the optimum concentrations of teleocidin B and 
dihydroteleocidin B were ~10 ng ml” and that these agents 
were actually more potent than TPA in inducing arachidonic 
acid release (Fig. 1b). The exposure of avian and mammalian 
cells to TPA causes a rapid enhancement in the uptake of 
2-deoxyglucose**’* and certain other nutrients”; we found that 
teleocidin B and dihydroteleocidin B stimulated 2-deoxyglucose 
uptake by C3H 10T1/2 cells to levels comparable with those 
obtained for TPA when all three agents were tested at 
100 ng m!™* concentrations (data not shown). 

An additional early and specific response of cells to TPA is 
inhibition of binding of epidermal growth factor (EGF) to its 
cell-surface receptors'*"'. Although this does not seem to be 
due to direct binding of TPA to the receptor'””’, it does provide 
a highly sensitive marker of membrane changes induced by the 
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Fig. 1 Arachidonic acid and prostaglandin release were assayed 
as described elsewhere, Phospholipids of C3H 10T1/2 cells were 
prelabelled by incubation of 4x 10° cells per plate with 1.25 pCi 
per ml of °H-arachidonic acid (62.2 Ci mmol™', NEN) for 24h. 
The prelabelled cells were then washed and incubated in 2 ml of 
serum-free Dulbecco’s minimal essential medium (DMEM) 
containing either solvent or the indicated chemicals at 37 °C. At the 
indicated times the media were removed, acidified and extracted 
with ether. After evaporation of the ether, the sample was solu- 
bilized in 0.2 ml of chloroform. A portion (0.04 ml) was applied to 
silica gel TLC plates with nonradioactive markers, developed in 
2,6-dimethylheptanone/ glacial acetic acid/0.9% NaCl (80: 40:6), 
and the plate scraped and assayed for radioactivity. Values are 
means of duplicate samples which agreed within 10%, Two addi- 
tional experiments gave similar results. a, Samples were incubated 
with 30 ng per ml of TPA (A), teleocidin B (@), dihydroteleocidin 
B (Cj), or the dimethyl sulphoxide (DMSO) solvent (©) for the 
times indicated. 6, Samples were incubated with the indicated 
concentrations of TPA (A), teleocidin B (@), dihydroteleocidin B 
(0, or DMSO (O) for 1 hat 37 °C. With the DMSO solvent contro! 
there was negligible release of radioactivity, presumably because 
spontaneous phospholipid turnover is reduced in the serum-free 
incubation system (ref. 12 and unpublished results). 
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Fig.2 Inhibition of EGF binding: 2 x 10° C3H 10T1/2 cells were 
incubated with 0.05 aCi (0.2 ng) of '?*I-EGF (120 mCi per mg, 
Collaborative Research) in 2 ml of serum-free DMEM with the 
indicated concentration of TPA (A), teleocidin B (@), or dihy- 
droteleocidin B (C) for 2h, washed and assayed for cell-bound 
radioactivity as described elsewhere’’. The control value was 
940 c.p.m. per dish and is expressed as 100%. Values are means of 
duplicate samples which agreed within 10%. Two additional 
experiments gave similar results. 


phorbol ester tumour promoters. Figure 2 indicates that the 
addition of 0.1-10ngml"' of TPA, teleocidin B or dihy- 
droteleocidin B simultaneously with the addition of }*°I-EGF 
led to a marked inhibition of ‘*°I-EGF binding to C3H 10T1/2 
cells. All three compounds also inhibited '**I-EGF binding in a 
line of rat embryo cells (FRE-8D) and in HeLa cells (data not 
shown). In C3H 10T1/2 and FRE-8D cells, TPA was rather 
more potent than the teleocidins in inhibiting '?*I-EGF binding 
whereas the three compounds had similar potencies for HeLa 
cultures. 

Several aspects of the action of the phorbol esters have led to 
the suggestion that they act by usurping cell membrane recep- 
tors normally occupied by an endogenous growth factor''®, 
Using *H-phorbol-12,13-dibutyrate (PDBu) to avoid non- 
specific binding, Blumberg* has in fact recently demonstrated 
that membrane fractions from avian and mouse cells contain 
saturable high-affinity receptors for this compound. A 
modification of this approach has also demonstrated receptors 
for “H-PDBu on intact monolayers of rat embryo fibroblasts and 
several other cell types’. Figure 3 shows that at 37 °C, concen- 
trations of teleocidin B in the range 0.5—10 ng ml“! were able to 
produce marked inhibition of the specific binding of 7H-PDBu 
to rat embryo fibroblast monolayer cultures; 50% inhibition was 
achieved with ~2.5ngml™, which is equivalent to about 
10°’ M. Teleocidin was more potent than TPA in inhibiting 
*H-PDBu binding, because ~3.8 ng mi~’ of TPA were required 
to produce 50% inhibition (Fig. 3). The ID, value for PDBu 
was 23 ng mi™* (data not shown). No inhibition was observed 
with as much as 1,000 ng ml” of phorbol, which lacks tumour 
promoting activity, nor was inhibition obtained with EGF, 
presumably because it occupies separate receptors**!’, In 
additional studies (not reported here) of 73H-PDBu binding, 
carried out at 4°C rather than 37°C, teleocidin B was also a 
more potent inhibitor than TPA. Thus, in contrast to the TPA 
inhibition of EGF binding'”'°, teleocidin B inhibition is not 
highly temperature dependent. These results provide further 
evidence that teleocidin B competes directly with 
*H-PDBu for receptor binding. 

There is evidence that the TPA induction of arachidonic acid 
release, TPA enhancement of 2-deoxyglucose uptake and TPA 
inhibition of EGF-receptor binding are direct membrane effects 
that do not require de novo RNA synthesis”""'2"7, Because of 
their similar time courses we would assume that this is also true 


for the effects of teleocidin on these membrane-related proper- 
ties. These results, together with our evidence that teleocidin B 
is a potent and apparently direct inhibitor of the binding of 
PDBu to its cell-surface receptors, suggest that the teleocidins 
might act as tumour promoters and induce changes in cell 
culture by binding to the same membrane-associated receptors 
as those used by TPA. 

We emphasize that although teleocidin B was about 10 times 
more potent than TPA in inducing arachidonic acid release 
(Fig. 1) and slightly more potent in inhibiting *H-PDBu binding 
(Fig. 3), it was slightly less potent than TPA in inhibiting 
EGF-receptor binding (Fig. 2). Because these parameters are 
quite different and were not all assayed with the same cell 
cultures, the significance of these quantitative differences is 
unknown. It is possible that they reflect the existence of subtypes 
of *H-PDBu receptors that control different cellular effects, but 
this requires further study. 

Teleocidin has an entirely different chemical structure from 
that of TPA or any of the TPA-related plant diterpenes, but 
both compounds are somewhat amphipathic. Teleocidin has a 
peptide-like moiety joined to a lipid portion containing two 
isoprenes’, while TPA contains a somewhat hydrophilic-substi- 
tuted ring system and a long-chain lipophilic fatty acid residue’. 
These aspects may provide clues to the molecular details by 
which the two different classes of compound apparently bind to 
the same or a similar set of membrane receptors. In addition, the 
fact that two structurally diverse compounds with potent tumour 
promoting activity seem to bind to the same cell-surface recep- 
tors suggests that these receptors play a part in mediating the 
biological effects of the compounds. 
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Fig. 3 Inhibition of specific binding of *=H-PDBu. Rat embryo 
fibroblast cells (FRE-8D) were grown in 6-cm dishes containing 
DMEM plus 10% calf serum. The assay was performed on 
2x 10° cells per dish. The cell monolayer was washed once with 
phosphate-buffered saline (PBS) and then 2 ml of assay buffer (2 
volumes DMEM/1 volume PBS, plus 1 mg mi? bovine serum 
albumin) were added. The indicated concentrations of teleocidin B 
(@), TPA (A) or phorbol (A) were added, followed by >H-PDBu 
(6.4 Cimmol™, Lifesystems) to a final concentration of 3 nM. The 
cells were incubated for 30 min at 37 °C to achieve plateau binding, 
washed 3 times with assay buffer at 0 °C, solubilized in 1 ml of 0.8% 
Triton X-100, 0.02% EDTA and 0.25% trypsin in PBS, and 
assayed for radioactivity. Nonspecific *H-PDBu binding was 
assumed to be that obtained in the presence of 50 uM unlabelled 
PDBu. This value was ~20% of the total binding obtained in the 
absence of excess PDBu and was subtracted from all experimental 
data to obtain the values for specific saturable binding. Specific 
binding of *H-PDBu in the control assays was ~750 c.p.m. per 10° 
cells (equivalent to ~1.1 x 10° receptors per cell), with a s.e.m, of 
<10%. This control value is expressed as 100%. Similar results 
were obtained in two additional experiments. Further details of this 
assay will be published elsewhere’. 
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In associative learning, the activated neurones undergo a variety 
of concomitant functional alterations—increases or decreases of 
firing activity“ and modifications of membrane potential or 
resistance’* and of synaptic responsiveness”. Synaptic 
transmission which can be strengthened only when there is 
paired activity in two pathways is of particular interest in 
relation to mechanisms for associative learning’"*, For the 
neocortex, there are few observations of the plastic changes, 
induced by conditioning procedures, in the effectiveness of 
individual synapses’*’’, We now report that various regimes 
with joint stimulations of convergent excitatory pathways on to 
intracellularly recorded neurones in the motor cortex of the cat 
result in synaptic facilitation lasting for up to 30 min. 

The experiments were performed on the exposed motor 
cortex of cats anaesthetized with 35 mg per kg Nembutal using 
conventional intracellular recording techniques. The surgical 
procedure, methods of stimulation and recording are reported 
elsewhere in detail’*’°, Synaptic responses were elicited by 
Stimulation of the pyramidal tract, the ventrolateral thalamic 
nucleus (VL), the homotopic cortical surface (callosal stimuli) 
and the contralateral radial nerve (somatosensory activation). 
The membrane input resistance, R,,, was measured by the 
bridge-balancing method’. At least two excitatory synaptic 
inputs on to the intracellularly recorded cell were stimulated: 
one (test pathway) elicited only mono- or oligosynaptic excita- 
tory postsynaptic potentials (test e.p.s.ps), while the other 
caused the cell to produce spike potentials (unconditioned 
stimulus, US) (Fig. 1a). Based on the cellular analogues of 
classical conditioning”’’ the applied conditioning paradigm 
consisted of (1) habituation, (2) pseudoconditioning, (3) condi- 
tioning, and (4) extinction procedures (Fig. 1b). A neurone was 
regarded as conditionable if the test e.p.s.p. was enhanced in 





Fig. 1 a, Schematic drawing of the experimental arrangement 
used for cellular conditioning of neurones in the motor cortex, The 
stimulation of the test pathway produced an e.p.s.p. while stronger 
stimuli via another pathway elicited spike potentials in the recor- 
ded neurone, b, Illustration of the experimental paradigm. During 
the habituation procedure 150 test e.p.s.ps (H,) and then 150 US 
spikes (H2) were evoked from the respective inputs at a stimulus 
frequency of 0.2-1 Hz. Pc, pseudoconditioning procedure when 
test e.p.s.ps and US spikes were randomized with 0.2-1 Hz 
frequency within a block of 150 stimuli. C, conditioning procedure 
with e.p.s.p.-spike stimulus pairs at constant inter-stimulus inter- 
val ranging from 0 to 100 ms. E, extinction period when only test 
stimuli were given at 0.2-1 Hz until the augmented neuronal 
responses returned to the preconditioning level. 


amplitude or in efficacy in evoking spike potentials by the 
conditioning procedure and if these changes were abolished by 
the extinction procedure, 

In 38 cells (26% of the neurones tested) the efficacy of the test 
€.p.s.ps was enhanced.after 60-90 stimulus pairings and the 
facilitated synaptic response persisted for periods from 3 to 
41 min (mean +s.d. 14.5+9.5 min, n = 38). Figure 2 shows an 
example of synaptic facilitation by VL e.p.s.p.—callosal spike 
repetitive stimulus pairs. In other neurones e.p.s.p.~spike and 
spike-e.p.s.p. sequences were equally efficient, but only in 
stimulus pairs with inter-stimulus intervals of <40-60 ms in the 
former and ~100 ms in the latter. Inter-stimulus intervals above - 
100 ms (periods ranging from 100 to 500 ms were tested) proved. 
ineffective in causing synaptic facilitation. This may be 
explained by supposing that both US spikes and test e.p.s.ps 
have an after-effect of about 100 ms in duration and their 
repetitive overlap is necessary for the facilitatory interaction 
between them. On the other hand, it could be demonstrated that 
the observed synaptic facilitation was specific to the pairing 
procedure, as repeated but unpaired presentation of test e.p.s.ps 
and US spikes during pseudoconditioning procedures never led 
to plastic changes (tested in 17 cases, Fig. 26), and when a 
previously efficient e.p.s.p.-spike stimulus pair was applied 
together with a hyperpolarizing current pulse through the 
recording electrode (when spike generation by US stimuli was 
prevented), the test e.p.s.p. was not augmented (tested in 13 
cases). The amount of hyperpolarization required to prevent 
action potentials by US stimuli during conditioning was 
sufficient to abolish the plastic after-effect. Based on the 
presented data, one may conclude that contingent pairing of the 
test e.p.s.ps with spike potentials, that is, temporal contiguity of 
pre- and postsynaptic excitations, is indispensable for the 
synaptic facilitation, as postulated previously***?, 

Transient facilitations of the test e.p.s.ps lasting for 6~40s 
were observed in all 17 neurones with which spike trains of 
5~50 Hz frequency and 5-15 s duration were applied as US, 
This after-effect did not require co-active stimulation of the test 
and US pathways, because it also occurred when US stimuli 
were applied on their own. These short-lived effects presumably 
originated from transient modifications of the ionic micro- 
environment caused by frequent firing activity??**, In hippo- 
campal neurones long-term facilitation of both e.p.s.ps and 
inhibitory postsynaptic potentials has been demonstrated as a 
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result of repetitive activation with similar parameters’*”*. In the 
motor cortex a considerably higher frequency and longer period 
of repetitive activation is necessary for long-term facilitation” 

Enhancement of the amplitude of paired test e.p.s.ps was the 
only consequence of paired conditioning procedures in 21 cells, 
whereas in the other 17 neurones the synaptic facilitation was 
accompanied by 3-6mV membrane depolarization and 
increases of R,, (Fig. 3). The depolarization presumably did not 
contribute to the augmentation of the test e.p.s.ps, as a test 
e.p.s.p. induced during a depolarizing current injection (causing 
2-6 mV depolarization) was found in 11 tested cells to be 
decreased in amplitude or unaffected. 
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Fig. 2 Facilitation of a test e.p.s.p. by stimulus pairs applied 
repetitively in a non-pyramidal tract neurone”. Top traces, cur- 
rent passed through the recording microelectrode; bottom traces, 
intracellular records. The test e.p.s.ps were evoked by stimulation 
of the VL nucleus (©); US spikes were elicited from the callosal 
system (Call, @). The VL e.p.s.p. had a latency of 1.6 ms and was 
: monosynaptic being able to follow 100 Hz frequency of stimula- 
tion. a, Neuronal responses during the conditioning and extinction 
procedures repeated once every second with 27 ms inter-stimulus 
interval. Following the 110th pairing all the test stimuli elicited 
spike potentials. The enhanced synaptic response returned to the 
preconditioning level by about the 21st min of the extinction 
period. R,, was measured every second with 1.2 nA anodal current 
pulses. No changes in Rm or spontaneous firing were observed 
during conditioning. b, Time course and specificity of facilitation of 
test e.p.s.p. for pairing procedure. @ (Paired e.p.s.p.) represents an 
actual data point every 10th second of the conditioning and every 
half minute of the extinction period. In the unpaired situation (O), 
only data at each half-minute intervals are presented. 
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Fig. 3 Conditioned facilitation of a VL test e.p.s.p. (V) in a 
non-pyramidal tract neurone with accompanying membrane - 
depolarization and increases in Rm. The US spikes were elicited by 
pyramidal tract (PT) stimuli (@). Inter-stimulus interval 30 ms, 
frequency of pairing 0,5 Hz: Top traces, intracellular records; | 
bottom traces, current records. Only the lower. part of action 
potentials are shown because of high amplification. Calibration: 
15 mV for intracellular records and 1.66 nA for current records. 
Time calibration 15 ms. The amplitude of PT spikes was 71 mV. 
The test e.p.s.ps and PT spikes were monosynaptically evoked 
(latency, 1.2 and 4.8 ms at 100 Hz stimulus frequency, respec- 
tively). During conditioning the preconditioning value of the 
amplitude of test e.p.s.ps (mean +s.d. 4+0.2 mV, n = 10) gradu- 
ally increased and attained maximal facilitation by the 80th pairing, 
when each VL stimulus evoked two spikes. Note the conditioned 
decreases of the mean time to peak of VL e.p.s.ps from 2.7 + 0.1 to 
1.7+0.1 ms (n = 5). Parallel with the synaptic facilitation, the Rm 
increased from 5,140.3 to 8.8+0.3 MQ (n=10), while the 
membrane potential depolarized from 67 +2 to 6342 mV (n= | 
10). All the conditioned changes of test ¢.p.s.ps and membrane . 
parameters completely disappeared by the 34th min of the extinc- 
tion period, when only VL stimuli were given alone with 0.5 Hz. 
frequency. None of the above changes occurred during the pseudo- 
conditioning procedure, when PT and VL stimuli were 
randomized. 


Intracellular observations in the motor cortex of the cat”? and 


in invertebrate neurones’ have suggested that in some condi- 
tions an inward calcium current is initiated which leads, via a 
second messenger system, to membrane depolarization and an 
elevation in Ra. On the other hand, the R m increases associated 
with conditioned increases in firing rate might be due to a 
decrease in K* conductance®, Our observations demonstrate 
that conditioned increases of synaptic efficacy originate from 
some kind of, as yet unknown, focal postsynaptic processes in 
the motor cortex without any general modification of the 
neuronal excitability. Although concomitant alterations. of 
membrane potential or conductance did occur in some of the 
conditioned neurones, presumably they represent a different 
type of plastic modification. The mechanism of synaptic facilita- 
tion described here requires further examination. 
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Photoreceptors respond to light with a graded depolarization or 
hyperpolarization of the cell membrane. The transduction of 
light energy to an electrical event, though much stadied, remains 
an outstanding problem in visual research. Previous trans- 
duction models’, involving cascades of chemical reactions, do 
not fit the responses of insect photoreceptors’. It has been 
proposed that the absorption of light causes the release of an 
internal transmitter’, We have developed here a simple two- 
parameter model of transduction based on the assumption that 
membrane channels are activated when the concentration of 
internal transmitter reaches a threshold level‘. The theory pre- 
dicts that the impulse—response function follows the log-normal 
curve—this model fits the response of the locust compound eye 
photoreceptor over the 10-fold range of time scale produced by 
altering the temperature or the state of light adaptation of the 
cell. 

Photoreceptors in the compound eye of Locusta migratoria 
generate a variable number of superimposed, depolarizing 
voltage events when stimulated with a brief, weak flash of light’. 
Each event or ‘bump’ represents an effective quantal absorption 
of light“. The average of a large number of such responses 
accurately defines the impulse—response function of the recep- 
tor. The amplitude of this response increases linearly with 
increasing flash intensity when the responses have an amplitude 
of <5 mV and in this linear range, the Fourier transformation of 
the impulse-response function corresponds to the temporal 
frequency response of the receptor’. 

Using glass micropipettes, recordings of electrical potential 
were made from photoreceptors in an intact eye? and a super- 
fused retina’. For the superfused retina we averaged responses 
from dark-adapted photoreceptors to 1-ms flashes from a green 
light-emitting diode (Siemens LD57C) at temperatures of the 
surrounding perfusion fluid between 33 and 17°C. When 
recording from photoreceptors in an intact eye, a 1-ms test flash 
from a point light source (also a LED) could be superimposed on 
steady, adapting illumination from the same source which was 
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placed on the optical axis of the ommatidium containing the 
impaled cell. 

We attempted to fit our impulse-response functions to the 
models of Fuortes and Hodgkin’ and Baylor et al.®. These 
models are based on the time course of the concentration of the 
penultimate product of a series of n reactions which proceed 
sequentially’ or independently’®. Like Borsellino et al., we 
found that the Fuortes and Hodgkin model predicted a response 
that was too symmetrical about the peak and it also required a 
range of values of n between 13 and 20 to fit the data from all our 
cells. The model of Baylor et al. fitted the response shape 
adequately, but required values of n between 20 and 48. The 
large values for the number of steps required in the reaction 
chains of these models and the variability from cell to cell made 
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Fig. 1 a, Impulse-response functions recorded from a photore- 
ceptor in an intact eye when dark adapted and at two light-adapted 
states. One hundred presentations of a 1-ms light flash were 
averaged in each case. The intensities of the flashes and superim- 
posed adapting light were: 14 photons per facet per flash (dar! 
adapted), 42 photons per facet per flash superimposed on ; 
adapting light of 1.3 x 10* photons per facet per s and 4.2 x ' 
photons per facet per flash superimposed on an adapting ligt 
1.3 x 10° photons per facet per s, wavelength 560 nm. Circles! 
the fits to the data using equation (1) and the following parame 
DA: o = 0.31, y =74 ms; LAI: ø = 0.27, u = 41 ms; LA2 
0.31, u = 23 ms. The amplitudes of the responses were 1.5 
1.2 (LA1) and 2.3 (LA2) mV. Inset, the impulse—response fu 
in the dark-adapted state is replotted on a logarithmic tim 
Equation (1) (circles) predicts that a gaussian curve will 
having mean u exp (~o?) and standard deviation e. b, Ii 
response functions of a photoreceptor in a perfused eye: 
temperatures. Circles show the fit to the data of equation. 
the following parameter values: 17°C: ø = 0.305, p = 
22°C: o = 0.294, u = 142 ms; 33°C: o = 0.247, p = 7! 
responses shown are averages of 100 presentations of a. 
of intensity 1 x 10’* photons cm~*s~! and wavelength Sé 
amplitudes of the responses, which have been scaled to: 

were 3.1 (17°C), 3.9 (21 °C) and 3.8 (33 °C) n 
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us doubt their physical applicability. We therefore searched for 
an alternative model. 

We chose to fit our impulse~response functions to the two- 
parameter log-normal curve (Fig. la) 


Vit) =s At.t-'. exp [—(og(t/u))°/207] (1) 


where I is the intensity of the flash of duration At delivered at 
t = Oands is the sensitivity of the cell. o is the standard deviation 
and u the mean of the transformed gaussian curve. 

An adapting background of intensity 3 x 10° photons per facet 
per s reduced the value of u for responses from cells in the intact 
eye from 60+ 18 ms (n = 6) in the dark-adapted state to 24+ 
2 ms when light adapted. The corresponding values of a, 0.30 + 
0.01 and 0.32 +0.02, showed no significant change (for exam- 
ple, see Fig. 1a). A large decrease in the sensitivity of the 
response also occurred during light adaptation as noted by 
others'*!>, Lowering the temperature of the superfused prep- 
aration from 33 to 21°C resulted in an increase in u from 
70+ 22 ms (n = 7) to 160+ 14 ms. A marginal increase in o from 
0.28+0.02 to 0.32 +0.02 also occurred (for example, Fig. 1b). 
Temperature and light adaptation therefore significantly affect 
only one temporal parameter in our model (u ), corresponding to 
a change in the time scale of the response. We propose that this 
parameter represents the rate constant of a single transduction 
process, being sensitive to both light adaptation and tempera- 
ture. 

The log-normal distribution has a general application to the 
analysis of biological data with a large variance'*. In particular, 
Gaddum"* and Bliss’* have used the distribution to describe the 
variability, from subject to subject, in the critical dose of a drug 
that will just cause a reaction. We propose an analogous physical 
model of phototransduction. The model assumes that, following 
the absorption of light, the strength of a chemical signal 
increases. The broad impulse-response arises from a scatter in 
the detection of threshold levels of this signal that trigger the 
activation of depolarizing ionic channels in the photoreceptive 
membrane. 

Specifically, we assume that: (1) a photoisomerization opens 
several ionic channels in the vicinity of the activated rhodopsin 
molecule through the action of an internal transmitter. A given 
channel opens for a brief time when the concentration of 
transmitter exceeds a threshold value, a. (2) The threshold 
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ig.2 Illustration of the physical model proposed in the text. The 
aussian curve describing the thresholds for the opening of chan- 
els is transformed into the asymmetric impulse—response through 
je non-linearity of the rising ‘transmitter’ concentration. The 
ngmuir isotherm, y = kt/1+kt is chosen to describe the trans- 
ter concentration, y. In the region of the activation of channels, 
een y = 0.3 and 0.7, this equation is approximated by y = 0.25 
(t) +c. Choosing to activate channels in this logarithmic region 
provides for the least scatter in channel opening times. 


value, a, is normally distributed from channel to channel. (3) 
The time course of local transmitter concentration following a 
photoisomerization is a smooth, monotonic function rising from 
zero at the instant of the stimulus to a positive value, before 
declining. Its time course is governed by a single time constant, 
k, so that the transmitter concentration is y = f(kt), where t is the 
time elapsed after the light flash. (4) The time constant, k, is 
chosen so as to minimize the temporal width of the voltage 
generated for a given time to peak of the response tp. 

A direct consequence of assumptions (3) and (4) is that the 
transmitter concentration, f(kt), increases almost logarithmic- 
ally with respect to time in the neighbourhood of t,. This is 
because, by assumption (4), k is chosen so as to maximize the 
rate of increase in transmitter concentration, af(kt)/dt, at t = tp; 
so that 


Pilke) 


Q att=t 2. 
ak ot ‘ P (2) 


However, from the identity 


dE(kt) _ af(kt) sk of(kt) 





3 
dlogt ot ðk 6) 
it follows that for our optimized system 
*£(kt arf(kt 


(dlogt)? ak at 


Integrating equation (4) twice with respect to log (rt) yields 
f(kt) =a log (t)+b in the neighbourhood of t, (a, b constant). 
The impulse-response function represents the sum of the 
voltages generated by all the channels that open following a light 
flash. This population of channels has, by assumption (2), 
thresholds to transmitter concentration that are normally dis- 
tributed. If the concentration of transmitter rises logarithmically 
with time it follows that the temporal frequency of opening of 
channels will be log-normal so that, if channel opening times are 
brief, the voltage generated will follow equation (1). The model 
is illustrated in Fig. 2. ` 

Our model describes the photoreceptor response as the result 
of a variable threshold associated with a process that is 
logarithmically related to time. Of the two temporal parameters 
only u, which describes the rate of release of the internal 
transmitter, is significantly affected by temperature or light 
adaptation. We intend to continue our investigations by 
examining the response of ‘faster’ insect eyes, such as those of 
the fly and dragonfly. If equation (1) can be applied to other 
photoreceptors, then the two parameters, p ando, will provide a 
simple method of comparing their temporal frequency response, 
similar to the parameters describing the approximately gaussian 
angular sensitivity curves of photoreceptors”. 
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it is widely held that brain cells are unable to synthesize choline 
de novo, and that the only source of this compound for brain 
acetyicholine or membrane biosynthesis is the choline or chol- 
ine-containing phospholipids taken up from the circulation’. 
This notion has been difficult to reconcile with observations?“ 
that there is a net efflux of choline from the brain. Recently 
we“ and others®’ have demonstrated that various preparations 
of mammalian brain contain enzymes, the phos- 
phatidylethanolamine N-methyltransferases (PeMT), which 
catalyse the synthesis of phosphatidylcholine (PC), using S- 
adenosyimethionine (SAM) as a methyl donor for the stepwise 
methylation of phosphatidylethanolamine (PE). The highest 
specific activity of PeMT was present in synaptosomal pre- 
paration®*. We now report that rat brain synaptosomal pre- 
parations can also metabolize the PC generated by PeMT to 
liberate free choline. 

Male Sprague-Dawley rats (180-220 g, Charles River) were 
housed under light (Vita-Lite, Duro-Test) for 12 h daily and had 
free access to water and food (Charles River Rat Chow). Ani- 
mals were decapitated, their brains quickly dissected and 
synaptosomal preparations of whole brains (excluding cere- 
bellum) were obtained as described previously’; their identity 
was confirmed by electron microscopy. Synaptosomal pre- 
parations were incubated in Krebs-Ringer bicarbonate buffer 
(pH 7.4) at 37°C. Heat-treated synaptosomes (100°C, 20s) 
were used to generate blank values. Phosphatidyl-N,N- 
dimethylethanolamine (P2) (Gibco) was used as PeMT sub- 
strate, and [Me-°H]S-adenosylmethionine (10 mCi pmol”, 
NEN) as the methyl donor. Enzymatic reactions were stopped 
by addition of the appropriate extraction solution. Phos- 
pholipids were extracted and purified as described before*, and 
the “H-methyl present in newly formed *H-PC was quantified by 
liquid scintillation spectrophotometry. The choline, including 
[Me-*H] choline, was extracted from the incubation media with 
0.5% tetraphenylboron (Aldrich) in heptanone (Aldrich), and 
back-extracted from the heptanone phase into 0.4 M hydro- 
chioric acid. The aqueous layer was then dried under vacuum, 
and the dry residue redissolved in ethanol and subjected to 





Table 1 Phosphorylation of newly synthesized choline by choline 





kinase 
Choline Phosphorylcholine 
(d.p.m.) (d.p.m.) 
Control 257+22 0 (background) 
Choline kinase 31+ 7 323451 





Incubations, extractions and TLC prepurification of newly 
synthesized choline were carried out as in Fig. 1 legend. Choline was 
extracted from TLC plates with 50% ethanol in 0.2 M HCI and the 
extracts were then dried under vacuum. The dry residues were resus- 
pended in 0.1 m! of medium containing 12 mM glycylglycine, 8 mM 
dithiothreitol, 18 mM MgClo, 1.2 mM ATP and 0.05 U choline kinase 
(pH 7.4), and incubated for 15 min at 30 °C. Reaction was stopped with 
0.1 ml ethanol and the mixtures concentrated and subjected to paper 
electrophoresis (as described in Fig. 1 legend). Segments were visualized 
for choline’® and phosphorylcholine and then the radioactivity 
counted. Data are expressed as means + s.d. 


S 





3H-methyl (d.p.m.) 


5 


maremen samen or lll racan nanni nanona sanaaa aasa o ania aa e aa 


a G 
g 


ore 
E 
ka 
a) 
ne” 
> 
Sa 
pans 
iF 
G 
e. 
v 


drnyeyepaupagn enin reterpyegsptptts 
teteciwigesctreass EP pelabent-ee, 
premtrreereeritrregs sf. zi F: 
see $ Fitna: 
ł H He 
[eee 


eeesticerst 
Saseesnean ee 
ed moe te 

3 tie 


aveers 


mony: 
tty 





Fig. 1 Purification of newly synthesized choline. Synaptosomal 
preparations (0.5 mg protein) were incubated at 37 °C for 30 min in 
0.1 ml Krebs-Ringer bicarbonate buffer (pH 7.4) containing: 
4.5 uM [Me-*H]SAM (10 mCi »mol™'), 50 pg of ultrasound-dis- 
persed P2, and 1,700 d.p.m. of [Me-'“C]choline (60 mCi mmol™'), 
The reaction was stopped by addition of 0.3 m! of 0.5% tetra- 
phenylboron in heptanone. The choline in the heptanone was 
back-extracted to 0.3 ml of 0.4 M HCI, which was then dried under 
vacuum. The dry residue was then redissolved in 0.05 ml of ethanoi 
and applied to cellulose TLC plates (a) or to filter paper for 
electrophoresis (c) The TLC solvent system contained: n- 
butanol/ethanol/acetic acid/water 40: 10:1:15 (by volume). The 
electrophoretic conditions were: 0.75 M acetic acid, 0.75 M formic 
acid pH 2.0, constant voltage of 17 Vcm™' for 40 min. Each 
sample also contained 5 ug of choline chloride carrier. The plates 
and papers were stained for choline’, and segments staining 
positively were extracted with 50% ethanol in 0.2 M HCI, The 
extracts were then concentrated and rechromatographed as 
described above, except that TLC-derived material (a) was sub- 
jected to electrophoresis (b), while electrophoresis-derived 
material {c) was subjected to TLC (d). a, b, c and d show 
distributions of radioactivity on chromatograms prepared as 
described above. Shaded areas indicate segments which stained 
positively for choline. Lower panels show the distribution of 
14C-choline standards and provide estimates of choline recover 
Incubations using heat-treated synaptosomal preparations yield 
flat background radioactivity patterns in b and d. 


paper electrophoresis® and TLC. As described belo’ 
procedures were needed to reduce background radic 
The radioactivity in segments of the chromatograms w 
ted by liquid scintillation spectrophotometry. The ove 
very of choline was calculated by adding '“C-chol! 
internal standard to synaptosomal incubations. The / 

the *H-choline formed enzymatically was establish: 
jecting the water-soluble products of the methylation 
prepurified by TLC, to phosphorylation by choline 
purifying the products by paper electrophoresis. Ti J 
trations of choline and PC in the incubations were p 
radioenzymatic assay of choline’, using choline 
[y-**P]ATP; the PC was purified by TLC and acid! 
choline before assay. 
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Identification of newly synthesized choline proved relatively 
difficult. It was not until we combined TLC and paper electro- 
phoresis that we could see a sharp °H-methyl radioactive peak 
that co-migrated with authentic nonradioactive and ““C-choline 
(Fig. 1). The heat-treated preparation of synaptosomes 
produced no radioactive product that would co-migrate with 
authentic choline in either of these chromatographic systems. 
After subjecting the *H-methy! material that had co-chromato- 
graphed with authentic choline to phosphorylation by choline 
kinase, virtually none of the radioactivity co-chromatographed 
with choline (Table 1). The radioactivity could, however, be 
recovered from material co-migrating with phosphorylcholine, 
as would be expected if the “H-methyl material were authentic 
choline. 

The rate of incorporation of *H-methyl groups into choline 
depended on the concentration of PeMT substrate present— 
addition of increasing amounts of P2 to incubation mixtures 
(Fig. 2) caused parallel increases in the apparent rates of 
synthesis of PC and choline until saturation occurred at ~500 pg 
P2 per ml. This increase in apparent synthesis rate was more 
pronounced for *H-PC, where the ratio of rate of “H-methyl 
incorporation when 1 mg per ml of P2 was present to incorpora- 
tion without added P2 was 5.7; the same ratio for “H-choline 
was only 1.5. Addition of dimethylethanolamine (30 mM final 
concentration) did not enhance the synaptosomal formation of 
choline (data not shown). These results indicate that the °H- 
choline must have been formed by degradation of newly 
synthesized PC, or, less likely, by action of some as yet undis- 
covered enzyme on a degradation product of P2. 

The SAM concentration at which our assay was carried out 
(4.5 aM) is below the apparent K,, for PeMT*®. However, at 
this SAM concentration the reaction proceeded linearly with 
time for up to 50 min. The incorporation of *H-methyl into 
3H-PC proceeded at the rate of 1.3 pmol per mg protein per 
30 min, and into *H-choline at 0.4 pmol per mg protein per 
30 min (Table 2). The choline newly formed during this interval 
would represent 88 p.p.m. of the total choline in the synap- 
tosomal preparation, whereas the newly formed PC would 
represent only 1.9 p.p.m. of total PC (Table 2). Thus the relative 
enrichment of the choline pool was 47-fold greater than that of 
PC. These results suggest that there may exist specific physical 
domains of phospholipids within synaptosomal membranes, 
such that the PE methylation and PC degradation occur in the 
same domain. This would explain why up to 23% of the [Me- 
*H]choline present in the incubations could be recovered as free 
choline molecules and not covalently bound in the form of PC, 
while free choline constituted <1% of the total amount of 


{-methyl incorporated per mg protein per 40 min) 











Phosphatidyicholine 
(pmol *H-methyl incorporated per mg protein per 40 min) 


Phosphatidyl-N,N-dimethylethanolamine (ug ml” $) 


.2 Effects of P2 on PC (0) and choline (©) formation. 
ibations were carried out for 40 min as described in Fig. 1 
nd. Extractions and purification of products were performed as 
described in ref. 5 and Fig. 1 legend. 





Table 2 Comparison of synthesis of phosphatidylcholine and choline 


by rat brain synaptosomal preparations 








Choline 





Phosphatidylcholine 

3H-methyl incorporation —«-1.323+ 0.219 0.396 + 0.086 
(pmol per mg protein 
per 30 min) 

Concentration (nmol per mg 708 + 29 4.5+0.82 
protein) 

Specific activity 1.8740.37 88 +34 
(p.p.m.) 

lcn 0.30 

Ipc 

Shen 47.3 

SApc 





Incubation, extraction and purification conditions were as described 
in Fig. 1 and Table 1 legends. Free 3H-choline and °H-choline hydro- 
lysed off *H-PC were determined by radioenzymatic assay’. Data are 
expressed as means+s.d. *H-methyl incorporations are Ipc and Icy, 
specific activities are SApc and SAc, for phosphatidylcholine and 
choline, respectively. 


choline (that is free plus PC-bound) in the synaptosomal pre- 
parations (Table 2). Other studies have suggested the existence 
of two PC pools in synaptosomes, one with a f /2 of 2 days and 
another with ¢,,. of 52.5 days (ref. 10). Our results indicate the 
existence of yet another pool, which turns over much more 
rapidly, and which contains PC molecules derived from the 
PeMT pathway. 

The brain is reported to contain several enzyme systems able 
to catalyse the degradation of PC to liberate free choline: 
phospholipases A, and A, and lysophospholipase'’ generate 
glycero- -3-phosphorylcholine, which can subsequently be hy- 
drolysed in a one-step’? or two-step process’* to yield free 
choline; phospholipase D can catalyse PC hydrolysis to liberate 
free choline directly'*; lysosphospholipase D could liberate 
choline from lysophosphatidylcholine formed by the action of 
phospholipase A, (ref. 15). Our data do not indicate which, if 
any, of these enzyme systems liberate *H-choline from °H-PC 
formed in synaptosomal preparation by the transmethylation 
pathway—our present techniques are insufficient to detect other 
[Me-*H] choline containing species, which might provide clues. 

It seems clear that previously, by measuring only phos- 
pholipid products, wef and others®’ have underestimated the 
contribution of PeMT to brain choline. It is entirely possible that 
other compounds, such as glycero-3-phosphorylcholine and 
phosphorycholine, also accumulate in our experimental system 
as intermediates in the genesis of free choline; thus we may still 
be underestimating the total rate of choline production in the 
brain. The absolute contribution of de novd synthesis to total 
brain choline and the extent to which this source provides 
precursor molecules for acetylcholine formation await further 
study. 

These studies were supported in part by a grant from the 
National Institute of Mental Health. We thank Mr Robert 
Scheinman for technical assistance. 
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Despite knowledge of the physiological significance and regula- 
tion of protein degradation in bacteria’~’, the pathway of pro- 
teolysis and the responsible enzymes are still not known. 
Degradation of cell proteins in bacterial and animal cells 
requires continuous ATP production”, inhibition of which in 
Escherichia coli prevents the degradation of normal proteins in 
growing cells", accelerated breakdown of such proteins in stary- 
ing cultures**” and the very rapid breakdown of abnormal 
proteins’’’. Intracellular proteolysis proceeds by repeated 
endoproteolytic steps and ATP is required for the initial 
cleavages of the substrate’’. We have recently demonstrated 
ATP stimulation of proteolysis in extracts of bacterial and 
animal cells'’'*, These ATP-stimulated systems seem to be 
responsible for the rapid degradation of abnormal proteins 
in vivo, but they may also be involved in the catabolism of 
normal cell proteins’, limited proteolysis, such as the 
processing of precursors for secreted or membrane proteins! 7’, 
and the selective inactivation of specific proteins, as occurs in the 
ATP-dependent cleavage of the lambda repressor by the recA 
protein’’. We report here that membrane fragments contain an 
ATP-stimulated protease that degrades cell proteins to large 
peptides (of molecular weight (MW) 71,500) which are then 
rapidly hydrolysed to amino acids by soluble ATP-independent 
enzymes. 

When extracts of freshly grown E. coli were prepared by 
gentle methods (by grinding with alumina, by using the French 
press at 3,000 p.s.i., or by freezing and thawing followed by 
lysozyme treatment and osmotic shock’), the degradation of 
[Me-'*C]globin'*”? was stimulated two- to fourfold by addition 
of ATP (3 mM). With less gentle methods of lysis (the French 
press at 12,000~15,000 p.s.i., repeated freezing and thawing 
followed by lysozyme treatment, or sonication), the resulting 
extracts contained high levels of proteolytic activity but showed 
very little (< 25%) stimulation by ATP”, 

Approximately 70-80% of the proteolytic activity after 
gentle cell lysis was recovered on the pellet resulting from 
centrifugation at 160,000g for 60 min (Table 1). When these 
pellets were resuspended, they showed ATP-stimulated pro- 
teolysis. The proteolytic activity remaining in the supernatant 
was not affected by ATP (Table 1). 

When these extracts were analysed by gel filtration on 
Sepharose 2B or 4B, most of the ATP-stimulated activity was 
eluted in the void volume ahead of 70S ribosomes (Fig. 1), and is 
thus associated with large particulate material. Some soluble 
proteolytic activity eluted with the bulk of cell protein of mole- 
cular weights less than that of 2- galactosidase (MW 540,000). 
This latter activity (see below and refs 29, 39, 40) showed a much 
smaller stimulation by ATP than did the peak in the void 
volume, in which ATP increased proteolysis two- to fivefold. 
identical elution patterns were obtained when gel filtration was 
repeated on the material in the void volume or was performed in 
the presence of 3 mM ATP. Therefore, ATP does not stimulate 
proteolysis by releasing the proteolytic activity from a bound to 
a free state. 

This high-molecular-weight fraction contains polyribosomes 
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Fig. 1 Fractionation of E. coli proteolytic activity on Sepharose 
4B. An extract from E. coli, prepared by grinding with alumina 
(50 mg protein), was filtered through an 802.5 cm column of 
Sepharose 4B equilibrated with 10 mM Tris-HCl, 10 mM Mal, 
50mM KCI and 0.5mM_ dithiothreitol (oH 7.5). Proteolytic 
activity was determined with (@) and without (x) an ATP-generat- 
ing system as in Table 1 legend. 6-galactosidase was assayed using . 
o-nitrophenyl-£ -p-galactoside as a substrate’”. Similar data were 
obtained with extracts prepared as in Table 1 legend. 


were evident in the electron microscope (in collaboration 
with Dr Richard Goldstein). When the extracts were incubated 
with puromycin (50 ug ml"') for 5-10 min at 37°C or with 
ribonuclease A (100 ug ml~') before gel filtration to convert 
polysomes to monosomes**, or when cells were incubated for 
15 min at 10-15 °C before their collection to release ribosomes 
from the RNA”, the ATP-stimulated proteolytic activity still 
eluted in the void volume of Sepharose 4B. Thus it could not 
have been associated with the polysomes. 

Extracts subjected to sucrose density centrifugation showed 
maximal proteolytic activity at 47.5% sucrose (Fig. 2), the same 
density as membrane fragments prepared from marker cells 
grown in parallel in the presence of *H-oleate to label 
membrane lipids. The maximal activity of the membrane-asso- 
ciated (Ca** + Mg**)ATPase was also found in these same lipid- 
containing fractions (Fig. 2). 

If the ATP-stimulated protease is membrane-associated, it 
should co-precipitate on incubation with an antibody directed 
against another membrane protein. As membrane vesicles pre- 
pared by grinding or French press are inverted**, an antibody 
against an inner membrane protein, the F, ATPase, was used, 
When it was incubated with the fraction purified by gel filtration 
(Fig. 1), it is precipitated most (76-90%) of the membrane- 
bound ATPase (data not shown) and reduced the proteolytic 
activity in the supernatant (Table 2). By contrast, when the 
antibody was added to the soluble proteolytic activity obtained ; 
by gel filtration (Fig. 1), no inhibtion of globin hydrolysis was” 
observed. A control immunoprecipitation was also carried out: 
with purified exogenous elongation factor G (EFG) and ‘ar 
antibody directed against this protein (Table 2). The concey 
trations of EFG and anti-EFG were adjusted such that a simi’ 
amount of protein precipitated in these conditions to that wi 
precipitated with the antibody against the membrane ATT 
Virtually none of the membrane-associated proteolytic a’ 
was lost from the supernatant. 

Previous studies’*°*° have demonstrated appreciab’ 
teolytic activity in membrane fractions prepared by lov 
centrifugation. We therefore tested whether this fract 
contained the ATP-stimulated proteolytic system. Ce 
lysed by freezing and thawing followed by lysozyme t 
and osmotic shock, and the extracts were centrifuged 
for 10-15 min to remove unbroken cells and then at 2‘ 
20 min. The pellets of the second spin were very 
hydrolysing ‘“C-globin, but this reaction was not stir 
ATP (3 mM). However, in the presence of 10 mM sc 
(an ATPase inhibitor), ATP caused a clear stimula 
tein degradation (data not shown), suggesting that ¢ 
(Ca**+Meg**JATPase is not essential for the st 
proteolytic activity, in accord with findings on 
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Table 1 Distribution of the ATP-stimulated proteolytic activity on 
ultracentrifugation 


aaan 


Proteolytic activity (c.p.m.) % Stimulation 


Fractions Without ATP With ATP by ATP 
Crude extract 5,490 14,260 160 
Pellet after 

second wash 3,831 8,772 129 
Supernatant of 

frst wash 1,850 1,860 _ 
Supernatant of 

second wash 804 792 oe 


OOOO 

E. coli X12 strain NF172 (ref. 9, 500-mi portions) was grown in Luria 
broth“? at 37°C with vigorous aeration. The cells were cooled rapidly 
and collected at an Asso of 1.0. Three litres of cells were lysed by 
grinding with alumina for a short period. The resulting crude extract in 
buffer I (25 mM Tris-HCl pH 7.5, 20mM MgCh, 0.5 mM _ dithioth- 
reitol) was then centrifuged at 12,000g for 20 min. The supernatant was 
dialysed overnight against buffer I, and an aliquot of this crude extract 
was assayed for proteolytic activity. The dialysed extract was spun at 
120,000g for 75 min. The pellets were resuspended in this buffer and 
centrifuged again. The pellet from this first wash was resuspended once 
more and centrifuged as before. The final pellets were resuspended in 
the original volume of buffer I, and together with the supernatants of the 
washes were assayed for proteolytic activity in the presence or absence 
of ATP and an ATP-penerating system. The hydrolysis of {Me-'*C}- 
(apo}haemoglobin'*” to acid-soluble material was used to estimate 
proteolytic activity. Incubation mixtures contained 1 ml of extract, 10 wl 
of '4C-globin (~15,000 c.p.m.) and 50 pl of an ATP solution (60 mM) 
oran AT P-generating system (60 mM ATP, 250 mM phosphocreatine, 
0.4 mgml™* creatine phosphokinase, rabbit muscle type I {Sigma ]). 
Incubations were carried out at 30°C for 60-90 min. Comparisons 
between the absolute proteolytic activity in the crude extracts. super- 
natants and pellets may be misleading as these fractions contained very 
different amounts of nonradioactive proteins that may compete with the 
14 Jabelled substrate. Qualitatively, similar data were obtained when 
the pellets were resuspended in buffer I containing 0.5 M KCI or 1 mM 
Tris-HCI (pH 7.5), although these conditions reduced the degree of 
stimulation by ATP. 


Furthermore, in related experiments (data not shown) we have 
demonstrated ATP-stimulated proteolysis in membrane 
vesicles of mutants?” that lack a functioning (Ca** +Mg’*) 
ATPase (AN120, an uncA’ strain). 

The acid-soluble products of protein breakdown were 
analysed by gel filtration on Sephadex G-15. Crude E. coli 
extracts, prepared by alumina grinding, and the membrane 
fraction, isolated by gel filtration on Sepharose 4B, were 
incubated in parallel with either '*C-globin or **S-labelled E. 
coli protein (denatured with acid to inactivate proteases). Both 
substrates were hydrolysed on these extracts to acid-soluble 
material by an ATP-stimulated process (stimulation was 100- 
200% with globin and 70-100% with the E. coli proteins). The 
crude extracts degraded the *’S-proteins to amino acids (Fig. 3) 
and thus can carry out the complete degradation of cell proteins, 
in similar fashion to intact cells. The [Me-'*C]globin was hy- 
drolysed to dipeptides. Related observations suggest that the 
labelled methyl group on the lysine prevents the hydrolysis of 
dipeptides by certain amino-peptidases. 

When either substrate was incubated with the purified 
membrane fraction, most of the resulting acid-soluble S- or 
'4C. products eluted close to the void volume. Very little was in 
he form of amino acids or even dipeptides (Fig. 3). The sizes of 
ese proteolytic products did not differ whether or not ATP was 
esent (data not shown). The ATP-stimulated proteolytic 
tivity generated mainly peptides of MW 1,500 or greater” 
ich were not degraded further. Thus the rate-limiting step in 
tein degradation in these extracts is an ATP-stimulated 
oproteolytic cleavage, in accord with in vivo findings’’. This 
al step is membrane associated, while soluble cytoplasmic 
mes (exo- and endopeptidases®*’*’) catalyse the 
quent conversion of the peptides to free amino acids. Thus, 
| the °*S-labelled peptides generated by the membrane 
yn were mixed with the soluble fraction obtained by 
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Fig. 2 Sucrose-density centrifugation of the particulate pro- 
teolytic activity. An extract prepared with the French press at 
3,000 p.s.i. was centrifuged at 12,000g for 20 min. The supernatant 
was spun for 60 min at 12,000g and the resulting pellet washed 
once and resuspended in buffer I. For measurements of proteolytic 
activity against '4C-globin (see Table 1) and ATPase activity, 
5-10 mg of the pelleted material were applied to linear sucrose 
gradients (32.5 ml) ranging from 25-65% and spun for 24h at 
25,000 r-p.m. in a SW27 rotor. Fractions (65 drops) dialysed 
against buffer I to remove the sucrose were assayed for proteolytic 
activity. To identify the fractions containing membrane lipids, cells 
were grown in medium containing 3H-oleate (28.5 mCi per mg, 
NEN). Extracts from the 31]-oleate-labelled cells were spun in 
parallel, and the radioactivity in each fraction measured (lower 
panel). To assay ATPase activity, 0.5-ml portions of the fractions 
were incubated with 0.5 mM ATP for 45 min at 30 °C. The samples 
were then boiled, and their ATP content measured using the firefly 
luciferase assay”. 


centrifugation (Table 1) of the crude extract, they were quickly 
hydrolysed to free amino acids. This latter reaction was not 
stimulated by ATP. : 

Although a large fraction, perhaps most, of the ATP-stimu- 
lated proteolytic activity is associated with the cell membrane, 
we cannot conclude what per cent of the proteolytic activity is 
actually membrane bound in vivo or even in these cell-free 
extracts, because the soluble and membrane fractions contain 
very different amounts of peptidases (Fig. 3) and of nonradio- 
active proteins that serve as competing substrates. A localization 
of the ATP-stimulated proteolysis on the inner cell membrane 
seems likely as alumina grinding and the French Press at low 
pressures create primarily inverted membrane vesicles, which 
should be impermeable to ATP and ‘“C-globin. Furthermore, 
protein breakdown in intact cells is completely dependent on the 
continuous production of ATP’**"'° and therefore requires 
contact with the intracellular nucleotide pools. However, these 
studies have not eliminated conclusively a possible association 
with the outer cell membrane*’. As the existence of proteases 
free within a cell might be harmful, an association with the 
membrane could reduce the frequency at which critical enzymes 
are inappropriately hydrolysed. This localization may also affect 
the selectivity of protein breakdown. Bacteria, like animal cells, 
degrade soluble proteins with highly abnormal conformations 
especially rapidly'?*7'°"", Such partially unfolded proteins 
probably have more hydrophobic regions exposed on their 
surface than do normal ones'’’ and, therefore, may bind 
differentially to the cell membrane. It is perhaps relevant that 
when bacteria make large amounts of abnormal proteins, these 
molecules associate in intracellular aggregates that lie adjacent 
to the surface membrane”??? 

On the cell membrane, the ATP-stimulated endoprotease 
may also be important in the turnover of membrane components 
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Fig. 3 Size distribution of the acid-soluble material produced by 
the membrane-associated protease and the crude extract. Cells 
were lysed by grinding with alumina. One portion of the extract was 
filtered through Sepharose 4B, and the fractions containing the 
membrane-associated protease were pooled and concentrated by 
ultrafiltration. This material (©) and a portion of the crude extract 
(@) containing an equal amount of protein were incubated with 

S-labelled denatured E.coli protein for 2h at 30°C in the 
presence of an ATP-generating system. The protein was then 
precipitated with 10% trichloroacetic acid, and the supernatants 
applied to a 2x 78 cm column of Sephadex G-15 in 0.05 M Tris- 
HCI (pH 7.5). Trileucine and leucine were run as molecular weight 
markers and were assayed with fluorescamine*®. To prepare 35S- 
labelled E. coli proteins, 10 ml of strain NF 161 (spoT™, arg”, 
met’) were’ grown on glucose minimal medium? containing 
arginine (60ngmli7'), a limiting amount of methionine 
(1.5 ugm!~') and 0.5 mCi of *°S-methionine (460 Ci nmo!™!, 
NEN). When growth ceased, the cells were centrifuged and washed 
with 10 ml of growth medium lacking *°S-methionine, The cells 
were then treated with 10% trichloroacetic acid. After centri- 
fugation, the pellet was dissolved in 1 M NaOH and the pH adjus- 
ted to 7.0 with HCI. Before use, the suspension was dialysed 

extensively against buffer I. 


and in the processing of secreted periplasmic or membrane 
proteins from larger precursors'*’*', a process believed to 
occur on the inner cell membrane?” , Inner membrane ves- 
icles are able to process membrane protein’””°, and this reaction 
seems to depend on the high-energy membrane state**”>. 
Further characterization of the ‘signal peptidase(s)' and the 
membrane-associated globin-degrading activities should clarify 
whether these proteolytic systems are in some way related. In 
addition, the ATP-stimulated enzyme may be involved in the 
rapid degradation of the released signal peptides. 

These findings raise the possibility that the effect of ATP is 
mediated by some membrane-related function. However, there 
is strong evidence that the high-energy membrane state is not 
required for protein breakdown in vivo, and uncoupling agents 
do not inhibit the ATP effect in these membrane preparations 
(data not shown). The present studies have also ruled out an 
involvement of the (Ca**+Mg**)ATPase. Moreover, when E. 
coli are lysed by less gentle methods than were used here, we can 

isolate from the soluble fraction an ATP-dependent endopro- 
tease, as well as seven ATP-independent proteases?” 40, 
‘Therefore, a membrane-association is not essential for the effect 
of ATP on protein degradation. After purification’®*', the 
soluble ATP-dependent enzyme resembles strongly the 
membrane-associated activity described here”, Possibly the 
soluble enzyme is derived from the membrane fraction, or 
alternatively the bacteria may contain two disinct ATP-stimu- 
lated proteolytic systems that serve different physiological 
functions. 








Table 2 Loss of proteolytic activity on treatment with antibody against 
membrane-associated ATPase 
SR a a i Sa a a ee 


Activity.  % Proteolytic 
Source of remaining in activity 
proteolytic supernatant lost from 
activity Additions {c.p.m, supernatant 
Particulate Rabbit igG 4,661 $ 
fraction, anti-ATPase 2,876 39 
(EFG) + anti-EFG 4,455 4 
Soluble Rabbit 1gG 5,677 0 
fraction Anti-ATPase 5,239 8 


ae dll ils LE a oat 

An extract prepared by grinding with alumina was chromatographed 
through Sepharose 4B. The peaks of proteolytic activity in the void 
volume (particulate activity) and in the soluble fraction were separated 
by gel chromatography as in Fig. 1. Portions (1 ml) of the two fractions in 
buffer I were incubated with antibody for 24 h at 4 °C, Precipitates were 
removed in a refrigerated clinical centrifuge, and proteolytic activity 


against '“C-globin in the supernatants was assayed in the presence of an 


ATP-generating system (Table 1). The purified IgG fractions (Aigo 
0.57) or purified EFG (A2gq = 0.02) were added to tmil of the protease 
preparations. All antisera were purified by ammonium sulphate frac- 
tionation and chromatography on diethylaminoethyl. and CM-cellu- 
lose** to remove the associated proteolytic activity, The purified IgG 
fractions contained no measurable activity against “*C-globin. 
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The Escherichia coli recA gene product is both a direct parti- 
cipant and a central regulatory element in important processes 
of DNA repair, including one that is probably responsible for all 
radiation mutagenesis and some chemical mutagenesis. It has 
the direct function of catalysing pairing of single-stranded DNA 
to a homologous region in duplex DNA*”, a reaction thought to 
be fundamental to genetic recombination. This activity of recA 
protein probably contributes to DNA repair by promoting 
recombination between damaged DNA molecules’. We have 
shown that recA protein also has a regulatory function, medi- 
ated by its ability to destroy repressors and possibly other 
proteins by proteolytic cleavage, leading to the induction of 
certain genes**; these include recA itself, regulated by the /exA 
gene product’”’, other genes probably involved in DNA repair, 
some of which are also regulated by the JexA gene product”’, 
and the early genes of temperate bacteriophages, which are 
regulated by their repressors. recA protein is activated to cleave 
repressors in vitro by interaction with ATP (or the ATP analo- 
gue ATP-yS) and a polynucleotide such as single-stranded 
DNA‘, probably the same interaction that initiates the strand- 
pairing reaction’’, We have proposed that recA protein is also 
activated to attack repressors in vivo when it interacts with 
single-stranded DNA; DNA-damaging treatments such as UV- 
ray irradiation would thereby invoke the recA-dependent 
functions of recombination, repair, mutagenesis and prophage 
induction‘, As further evidence that the proteolytic activity of 
recA protein is responsible for its regulatory function, we show 
here that the ability of two mutationally altered recA proteins to 
cleave phage A repressor correlates with the ability of the 
mutant cells to induce prophage. 

Both mutations recA142 and recA430 (formerly named 
lexB30) prevent phage repressor inactivation after inducing 
treatments, but they affect recA function in the cell differently. 
(1) The mutant recA 142 is defective in genetic recombination, 
like classical RecA~ mutants, and it does not induce A prophage 
after normal inducing treatments’*. Unlike most RecA™ muta- 
tions, however, recA142 supports spontaneous induction, an 
unprovoked but recA-dependent basal level of induction that 
occurs in wild-type lysogens (ref. 12 and Table 1). A A repressor 
fragment characteristic of recA- mediated cleavage results from 
this spontaneous induction in both wild-type and recAl42 
lysogens'*. We thus expected that recA142 protein would be 
able to cleave A repressor in some conditions in vitro, but might 
have some defect in the interaction with DNA thought to initiate 
both strand pairing and repressor cleavage. (2) The mutant 
recA430 was selected by Devoret and Blanco’*’ to be defective 
in A induction, and it neither responds to inducing agents nor 
displays spontaneous induction (ref. 14 and Table 1). Further- 
more, recA protein is not amplified in a recA430 mutant cell in 
response to inducing treatments’®*’’, Although the recA430 
mutation maps in the recA genet”, conjugation crosses in the 
recA430 cell produce nearly normal numbers of recombinant 
progeny. We expected that recA430 protein would be unable to 
cleave A repressor, but might be normal in activities required for 
genetic recombination. 

To provide a source of these mutant proteins, we used strains 
carrying the lexA gene mutation spr-51 (ref. 7), which is thought 
to inactivate a repressor of the recA gene and thus cause 
overproduction of recA protein*’’. We confirmed that these 
derivatives maintain the recA phenotypes of the original 
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Fig. 1 Repressor cleavage directed by purified mutationally 
altered recA proteins. Reaction mixtures of 30 yl were constructed 
as described previously’, except that they contained 2 mM MgCh, 
1 mM ATP-+, 0.047 M NaCl, 0.013 M NaCl, 1.5 wg recA pro- 
tein, Zug A repressor and 0.039 ug denatured A DNA. After 
incubation for 3h 20 min at 37°C, the reaction mixtures were 
subjected to SDS-gel electrophoresis and the gel was stained as 
described previously’. The recA protein concentration was cal- 
culated from a measured absorbance at 280 nm of 0.60 units mg 
mi”?, corrected from the previously assumed 1.0 units mg™* mI! 
(ref. 4). Track a, recA” protein; track b, recA441 protein (formerly 
named tif-1); track c, recA 430 protein; track d, recA 142 protein. 
R, A repressor; R; and Ro, proteolytic fragments of A repressor. 
recA protein and A repressor were prepared as described else- 
where’. recA430 protein was prepared from the spr-51 recA430 
strain KM1193, obtained from K. McEntee. recA142 protein was 
prepared from the spr-51 recA 142 strain JR235, constructed by P1 
transduction of DM1420 (ref. 7) to sri300:Tn10, followed by 
transduction to Sr1* by P1 grown on the recA142 strain JC4728 
and screening for sensitivity to UV-light irradiation. 


mutants, in that a A lysogen of spr-51 recA142 displays spon- 
taneous induction whereas a lysogen of spr-51 recA 430 does not 
(data not shown). Like its spr’recA142 parent, the spr-51 
recA 142 strain shows by patch tests the high sensitivity to killing 
by UV-ray irradiation characteristic of recA” mutants (data not 
shown). The parental spr*recA430 mutant is moderately UV 
sensitive'’; its spr-51 derivative is less sensitive by patch tests, 
but still distinctly more sensitive than wild type. 

We tested the ability of recA protein purified from recA 142 
and recA430 bacteria to cleave A repressor in the single- 
stranded DNA and ATP-yS dependent reaction. Figure 1 shows 
that recA142 protein is active, whereas recA430 protein is not. 
In control reactions, both wild-type recA“ protein and protein 
from the recA mutant tif-1 (refs 5, 20) (renamed recA441), 
which displays constitutive expression of recA-dependent 
functions, are active. From densitometric scanning of stained 
repressor fragments produced during a time course, we deter- 
mined that the recA142 protein cleaves A repressor at ~75% 
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the rate of wild type in the presence of ATP-yS (11 compared 
with 15 ng repressor cleaved per min per ug recA protein). In 
contrast, Fig. 1 implies that recA430 protein could cleave A 
repressor at no more than 2% the rate of wild type. We tested 
the mutants in conditions that provide the highest cleavage rate 
with wild-type recA protein*, but observed no repressor 
cleavage by recA430 protein in other conditions—ATP instead 
of ATP-¥S, higher concentrations of DNA, or oligonucleotides 
substituted for A DNA. 

recA protein is a single-stranded DNA-dependent 
ATPase**'~*? whose activity is probably essential to strand 
exchange, as this requires ATP hydrolysis”"'. Figure 2 shows 
that recA430 protein has normal ATPase activity, consistent 
with its normal function in recombination. This result also shows 
that the protein we prepared was not destroyed during cell lysis 
and purification. The recA430 protein also is equivalent to the 
wild type in DNA-dependent entrapment of radioactive ATP- 
yS on a membrane filter (data not shown), and is active in 
reannealing homologous single strands of DNA, possibly a 
partial reaction of the strand-pairing activity’. Thus, we 
conclude that recA430 protein is specifically defective in cleav- 
ing phage A repressor, and that this defect accounts for the 
failure of A to be induced in recA430 bacteria. 

The recA142 protein, which does not effectively support 
recombination in vivo, is also an active ATPase in vitro (Fig. 2). 
However, its activity is much more sensitive to ionic strength 
than that of wild-type recA protein, displaying only 10% of the 
activity of the wild type at 0.20 M NaCl. This suggests a weaker 
interaction of the recA 142 protein with DNA in the presence of 
ATP that could account both for the recombination deficiency of 
the mutant and for its failure to cleave A repressor in inducing 
conditions: it may be inefficient in forming the ternary complex 
with ATP and DNA postulated to be the active intermediate in 
both strand pairing and repressor cleavage. In support of this 
interpretation, we have found that ATP, in contrast to the 
analogue ATP-yS, promotes A repressor cleavage much less 
efficiently with recA142 protein than with wild-type recA~ 
protein (<0.2 compared with 2 ng repressor cleaved per min per 
ug recA protein). We presume that recA142 protein shows 
substantial cleavage activity with ATP-yS because this ana- 
logue, unlike ATP, interacts essentially irreversibly with recA 
protein (unpublished experiments) and thus overcomes the 
reluctance of recA142 protein to form the active ternary 
complex. 

The ATPase activity of the recA430 protein is only slightly 
more sensitive to ionic strength than the wild type (Fig. 2), 
presumably corresponding to its nearly normal activity in 
genetic recombination. 

These experiments provide further direct evidence that 
cleavage of repressors by recA protein is the mechanism of 
repressor inactivation in induction. Because the recA430 pro- 
tein supports recombination but not A repressor inactivation in 
vivo, induction cannot result from the activity of recA protein as 


mananan 
Table 1 Spontaneous and mitomycin C induction of A in recA lysogens 
Se aie See ean Ate NOUN E a Ne oR INNS SEALS 
No. of infectious centres per ml of culture 
Mitomycin C 


Strain Spontaneous treated 
recA*(A*) 1x10° 110° 
recA12(A*) <10! <10! 
recA142(A*) 5x10" 7x 104 
recA430(A*) 2x 10° (clear) 2 x 10° (clear) 


aovira 

Cultures were grown in minimal medium’? at 37 °C to $ x 10” cells per 
ml. Portions of each were grown a further 90 min in the presence and 
absence of 5 yg m`? mitomycin C, treated with chloroform and titred. 
Phage from the recA430(A *) culture made clear plaques, indicating that 
they were derived not from induction but from growth following muta- 
tional alteration of the repressor. Bacterial strains have been described 
elsewhere’, except the recA430 strain JM776, which was obtained 
from R. Devoret. recA 12 is a standard RecA” mutation. 
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= recA 430 


ATPase relative to 0.04 M NaCl 
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Fig.2 Sensitivity of ATPase activity of mutationally altered recA 

proteins to ionic strength. The DNA-dependent ATPase activity 

was measured as described previously’, except that the concen- 

tration of recA protein was 100 pg mi~" and the time of incubation 

was 30 min. Activities measured at 0.04 M NaCl were: recA’, 

0.31 umol min™’ mg™'; recA430, 0.30umol min’ mg): 
recA 142, 0.39 pmol min` mg”. 


a recombination enzyme. Our results argue against models that 
postulate that the interaction of A repressor with DNA (or a 
recA-DNA complex) is sufficient to promote inactivation of A 
repressor in the absence of cleavage”. 

Besides their defect in A repressor inactivation, recA430 
bacteria also fail to carry out other recA-dependent processes, 
such as amplification of recA protein and radiation 
mutagenesis”, We suggest that these defects arise at least in 
part from the inability of recA430 protein to inactivate the E. 
coli lexA protein, which is thought to be a repressor of the recA 
gene. The lexA protein is cleaved by recA protein® in the 
conditions we have described for A repressor inactivation; this 
supports the model that recA protein amplification occurs when 
lexA protein is cleaved in inducing conditions by recA protein 
present at a low basal level. Failure of recA 430 protein to cleave 
lexA protein would thus prevent amplification of recA protein. 
The inability of the recA 430 cell to be mutagenized by UV light 
could result from its failure to induce genes required for UV 
mutagenesis that are repressed by lexA or are regulated by other 
proteins sensitive to cleavage by recA protein. This is supported 
by the discovery of Kenyon and Walker'® that numerous E. coli 
genes involved in DNA repair are repressed by lexA and require 
recA function to be induced; these might include genes required 
for UV mutagenesis. Although the possibility has not been 
tested, it is likely that a third recA-dependent activity, lethal 
filamentation, is defective in recA 430, as this process is also 
thought to result from inactivation of lexA protein by recA 
protein®*®, 
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The enzyme complex nitrogenase, which reduces N, to NH3, 
involves two redox proteins, both irreversibly damaged by O, 
(ref. 1). Enzyme activity therefore requires anaerobic condi- 
tions, a source of reductant and a large amount of ATP 
(~16 ATPs per N,)**. In both aerobic and facultative anaerobic 
N,-fixing bacteria, nitrogenase synthesis is regulated by O, and 
NHŻ, but in the aerobes there are also processes to protect the 
enzyme from O, damage**. The mechanisms of repression by 
O, and NH{ seem to be independent in the organisms so far 
examined®*, In the facultative anaerobe, Klebsiella pneu- 
moniae, O, was shown to repress nitrogenase synthesis in an 
NH-constitutive strain”. The fusion of the Escherichia coli 
lacZ gene into each transcriptional unit of the nitrogen fixation 
(nif) gene cluster in K. pneumoniae has facilitated studies with 
O, because expression from the various nif promoters results in 
an O,-stable product (8-galactosidase). Notably, the nifHDK 
operon (the nitrogenase structural genes) was more sensitive to 


O; repression than the nifLA operon (regulatory genes)’. The 


characterization of mutants, reported here, indicates the 
involvement of a nif-regulatory gene product in the mechanism 
of O, control of nitrogenase synthesis. 

The nif-lac fusions constructed by Dixon et al.’ with phage 
Mud(Aplac), in which lac is expressed from nif promoters, 
could not be directly used for the isolation of regulatory 
mutants, as this phage can re-transpose to new locations at high 
frequency (about 10°* per generation; R. Dixon, personal 
communication). Therefore our approach was guided by the 
following argument. All previously described nifL mutations 
(except nifL2265). have been shown to be polar on the nifA 
gene}, the product of which is required for expression of all 
other nif transcriptional units’. Nif{L2265 showed a partial trans 
dominance to pRD1 (ref. 11) (a plasmid carrying the entire 
wild-type nif cluster) which is consistent with a modified nifL 
gene product acting as a negative effector. Also, reversion to 
Nif* by strains carrying Mu insertions in nifL probably occurs by 
the imprecise excision of Mu, implying that nifL product is not 
necessary for nitrogenase synthesis’®. Hence revertants of nifL 
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Fig. 1 Influence of DOT on synthesis of nifH (A), nifD (@), nifkK 
(O) and nifJ (A) gene products in the wild-type UNF50231 (a, b) 
and the mutant CK400 (c) strains. Results show the extent of nif 
gene product synthesis in organisms exposed to O3, expressed as a 
percentage of that occurring in a parallel culture in N3. Synthesis of 
nif polypeptides was quantified as the proportion of total poly- 
peptide synthesized, and in cultures in N; the initial proportions for 
each nif product ranged as follows: nifH, 0.07-0.19; nifD, 0.05- 
0.13; nifK, 0.05-0.10; and nifJ, 0.02. Total protein synthesis was 
not markedly affected by exposure to O,. Similar experiments were 
performed on strains UN4357 and UNF753 and nif polypeptide 
synthesis after about 2 h exposure to 0.5% DOT compared with 
that occurring in N, was respectively as follows: nifH, 85 and 76%; 
nifD, 96 and 72%; nifK, 30 and 36%; and nifJ, 180 and 78% 
(similar results were obtained for strain UN4374); these values are 
significantly higher than the ones for the wild type shown in b of 35, 
33, 12 and 13% for nifH, nifD, nifK and nifJ polypeptides 
respectively. In all experiments cultures were derepressed in an 
NHi-free medium”? in N, at 29°C. A 20-ml sample was trans- 
ferred anaerobically to the N>-flushed oxystat vessel, equipped 
with a calibrated O, electrode mounted in a side arm and a 
magnetic stirrer. Immediately after transfer air was slowly intro- 
duced into the N, supply to the vessel until the desired DOT was 
reached (never taking longer than 12 min), when the oxystat 
(Western Biological) was switched on. The DOT value, maintained 
(420%) by control of the gas mixture, occasionally drifted, but the 
time during which the DOT fell below 0.25% (the lowest DOT 
tested and found to repress nitrogenase synthesis) never exceeded 
8% of the total time of an experiment. A control 20-ml sample was 
stirred in N, in a vessel similar to and alongside the oxystat vessel in 
a water bath maintained at 30 °C. Samples (1 ml), removed at time 
intervals, were labelled with '*C amino acids and protein 
subsequently analysed and quantified by SDS-polyacrylamide gel 
electrophoresis and densitometry of autoradiograms as described 
previously®. 


mutants might yield strains in which the nifA gene product is 
synthesized but nifL gene product is inactive or lacking. Thus we 
screened Nif* revertants of strains carrying mutations in nifL for 
the failure of O, to repress synthesis of nitrogenase poly- 
peptides. 

Initially we investigated the infiuence of dissolved O, tension 
(DOT) on nitrogenase synthesis in wild-type strain UNF 50231. 
As expected, a DOT of 0.5%, which inhibited expression of 
B-galactosidase in strains carrying a nifH :: lac fusion, repressed 
synthesis of nitrogenase polypeptides, as did a DOT of 0.25 % 
(Fig. la, b). Besides the products of the nifH, nifD and nifK 
genes, the rate of synthesis of the nifJ gene product also declined 
(Fig. 15). 

A Nif* revertant (strain CK400) derived from a nifL point 
mutant (nifL2265) showed some escape from repression when 
exposed to 0.5% DOT. The kinetics of nitrogenase polypeptide 


synthesis in 1% DOT. (Fig. 1c) confirmed that O, repression 
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was less severe than in the wild-type strain UNF50231 (Fig. 
la, b). Two other Nif* revertants (UN4357 and UN4374; W.J. 
Brill, unpublished), derived from two strains carrying Mu 
insertions in nifL, behaved similarly (see Fig. 1 legend) and 
synthesis of the nifJ product also escaped repression in all three 
Nif* revertants (see Fig. 1 legend). 

Both the Nif* and O, constitutive properties of the revertant 
CK400 were due to a second mutation (nif2400) mapping 
within the nif region; a His*Nif* transductant (UNF753) of a 
(his-nifM ) deletion mutant infected with phage P1 propagated 
in CK400 showed escape from O, repression (see Fig. 1 legend). 
To facilitate further physiological and genetic experiments, the 
his-linked mutations in CK400 were transduced into both 
nifH ::lac and nifN::lac fusion strains. As expected, for both 
fusion alleles B-galactosidase activity could be detected by blue 
colour formed by transductants growing on NH?-free X-gal 
plates incubated in air (see Fig. 2 legend), and derepression of 


a_his QB AL FM VSUX NEYKDH J shiA 


é 
Eee Rm Re EN a ee E 


t ÉJ 


x 
` 
x 


i a nif wild type 

ro : recombinants obtained 

7 i MEE 3 “4 wt : 5 
KQ B_A r aL Fs among His* transductants 
2265! nil deletion 


ute allele = nif2400 nifl nif 12 
toed ee. Re NE ON 
ee e 4973 0/410 0/164 0/164 
pe ABIO 0/492 0/492 0/492 
— i? gost 4/510 6/410 2/492 
: j 5001” 3/328 0/492 5/492 
' ip 8759 2/396 2/164 4/164 
c di po 4975 5/492 0/164 2/164 
„4331 2/492 4jl64 9/164 
„8758 13/376 6/164 11/164 


4979 28/246 25/164 7/164 


Fig. 2 Genetic mapping of O, constitutive nif mutations. a, 
Current map of the nif genes!®23.24, The lines beneath the map 
indicate probable transcriptional units and the arrows show the 
direction of transcription. b, The O, constitutive nifH:: lac strains 
described in the text were made His” and used as recipients in 
phage PlKmclr100- or PlCmclir100-mediated transductions from 
the set of His” nif deletion mutants'°** shown above. His* trans- 
ductants were selected and scored for lac expression on solidified 
NH4 -free medium” agar plates con taining 30 pg X-gal (5-bromo- 
4-chloro-BD-galactoside) and 50 wg serine per ml incubated at 
29°C in air; the mutants appeared blue whereas wild-type 
nifH:: lac recombinants were colourless on aerobic plates. Possible 
wild-type transductants were always checked for retention of 
nifH::lac on anaerobic X-gal plates where they turn blue. If 
wild-type recombinants appeared among transductants, then wild- 
type DNA corresponding to the position of mutations responsible 
for O, constitutivity was not deleted from the donor deletion 
strains. If no such transductants appeared, then the mutations lie 
within the deleted nif segment. The number of transductants 
needed to be scored for lac phenotype (~400) to detect any 
wild-type recombinants was indicated from a similar deletion 
mapping experiment with a strain carrying the nifL2265 allele in 
which 3.5 and 0.5% of His” transductants were Nif* using the 
nif8755 and nif8081 deletion alleles, respectively. In the pairs of 
deletion mutations marked (1) and (2) the relationship between the 
__ his-proximal ends is uncertain. The his-distal end of nif8081 is near 
the nifAL intergenic region and probably within nifL as no nifA 
mutations have been found to map in the deletion interval defined 
by the ends of the nif8081 and nif8755 mutations. The placement 
of nifL2265 within this deletion interval conflicts with other 
reported mapping experiments'”**; however, repeated experi- 
ments where His* transductants were scored for Nif, rather than 
being directly selected on NH} -free medium which is less efficient, 
consistently gave this result. The nifT~ mutations T1 and T2 were 
derived from strains Kp5161-3 and Kp5160-3, respectively'??>. 
NT, not tested. 
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Fig.3 Influence of an anaerobic to aerobic shift on the expression 

of histidase in the wild-type strain KG7035 (triangles) and the 

mutant UNF753, described in the text (circles). Cultures were 

grown in anaerobic conditions (closed symbols), and when the total 

protein concentration had reached 120 yg mi~ +, indicated by the — 

arrow, the culture was divided and half was transferred to an 
aerobic environment (open symbols)?” 


B-galactosidase also occurred in liquid NHj-limited cultures 
either maintained in a DOT of 0.5% or bubbled with air (Table 
1). In contrast, the parent fusion strains were colourless on 
aerobic X-gal plates and failed to derepress B-galactosidase in 
0.5% DOT or air bubbling (Table 1), The apparent insensitivity 
of B-galactosidase derepression to O, in the nifH::lac fusion 
strain carrying the his-linked mutations in CK 400 was not due to 
an altered respiratory activity; the potential respiratory rate’? 
and the O, demand in a DOT of 0.5% were the same in the 
mutant and parent strains (data not shown). : < 

Three other suspected nif regulatory mutations including a 
previously mentioned Nif* revertant of a nifL:: Mu strain | 
(UN4357) and two mutants designated ‘nifT~’ also allowed - 
synthesis of B- galactosidase in air when linked to nifH:: lac orto 
nifN:: lac (Table 1). Significantly NHj repressed nifH::lac and 
nifN:: lac in all four mutants, and O, repression was restored in 
each nifH:: lac strain by the introduction of the plasmid pRDI 
(Table 1). 

The blue phenotype on NHj-free X-gal indicator plates 
incubated in air was used to locate the nif2400 and the two 
niff~ mutations, and deletion mapping experiments (Fig. 2) 
indicate that all three mutations lie within the nifLA operon and 
probably within the nifL gene. The nifT~ mutants were isolated 
as Nif* colonies from a glutamine synthetase mutant with 
impaired regulation for nif and hut (histidine utilization)”. 
Hence the nifLA operon seems to be involved in the control of 
nif expression by both O, and, as suggested previously’, the 
regulatory proteins of nitrogen assimilation". 

Several enzyme systems in the Enterobacteriaceae are 
apparently regulated by O, (refs 14-18) and in K. pneumoniae, 
hut’? and nif? are controlled by both O, and NH}. We therefore 
examined the effect of the his-linked mutations in CK 400 on hut 
expression; in both wild-type and mutant strains, O, was needed 
for histidase derepression (Fig. 3). Furthermore, these muta- 
tions did not alter the transient influence of O, on glutamine 
synthetase levels’? (data not shown). 

Thus five different strains had nif mutations that relieved O, 
repression of the nifHDK and, where tested, the nifEN and the 
nifJ transcriptional units. In at least one of the strains (CK 400) 
O, regulation of another operon outside nif was unaffected. The 
mutations mapped in the same deletion interval that includes the 
his-proximal end of the nifL gene. The trans dominance of 
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Table 1 Influence of O, on B-galactosidase derepression in strains carrying nif-lac fusions 
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Strain Relevant chromosomal marker in addition to recA56 
no. and lac fusion allele nifH2783 or nifN2790 

With nifH2783 

UNF762 None 

UNF777 nifL2265, nif2400 (mutations from strain CK400) 

UNF767 hisD 

UNF798 hisD, nifL2265, nif2400 

UNF762 None 

UNF777 nifL.2265, nif2400 

UNF954 hisD (nif mutations from strain UN4357)* 

UNF954 hisD (nif mutations from strain UN4357)* 

UNF951 hisD nifT1~ 

UNF951 hisD nifT1~ 

UNF952 hisD nifT2~ 

UNF952 hisD nifT2~ 
With nifN2790 

UNF979 None 

UNF982 nifL2265, nif2400 

UNF984 hisD (nif mutations from strain UN4357)* 

UNF986 hisD nifT1~ 

UNF988 hisD nifT2~ 


Units of B-galactosidase activity after 6 h in 


N, plus NH; 

Plasmid 0.5% DOT N, (19 mM) 
None 129 12042 ll 
None 156+13 110230 §42 
pRDI 16 889 5 

pRD1 27 864 2 

Air bubbling N, bubbling N, bubbling plus 
NHj (23 mM) 

None 940 1294+17 ND 
None S23. 7143 ND 
None 335455 191417 2 
pRDI 1542 622 +36 2 

None 12944 231+10 2 
pRDI 50 452 52 2 
None 1002+12 261+8 3 
pRD1 9+0 366 + 8 3 
None 6+0 Si+]1 2 

None 90+ 10 9947 3 
None 68+8 88+ 12 3 

None 80+8 873 2 

None 3343 12449 3 


NHj-grown cultures were suspended in an NH; -free medium and B-galactosidase derepression was followed as described previously’. Cultures 
were maintained in 0.5% DOT as described in Fig. 1 legend. ND, not determined. 
* Strain UN4357 is a Nif” derivative of strain UN2464 carrying nifL5037:: Mu”. 


wild-type nif and the relative insensitivity to O, of nifL expres- 
sion? suggest that the nifL product is involved as a negative 
effector in the O,-regulatory mechanism specific to nitrogen 
fixation. Conversion to a negative effector may involve proces- 
ses associated with O, metabolism rather than the direct inter- 
action with the O, molecule. The mechanism of action of such a 
negative effector could be: (1) to prevent nifA expression; (2) to 
inactivate the nifA product; (3) to bind at each nif opera- 
tor/promoter; (4) to promote nif mRNA breakdown; (5) to 
prevent nif translation; or (6) to promote nif gene product 
breakdown. The first seems unlikely because in strains carrying a 
nifA::lac fusion (where nifL is expressed) -galactosidase 
derepression was not inhibited in 0.5% DOT (unpublished 
results). The sixth is improbable as synthesis of a hybrid poly- 
peptide is unlikely in strains carrying the nifH:: lac or the 
nifN:: lac transcriptional fusions”?°". 
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Erratum 


In the article ‘Generation of F, hybrid cytotoxic T lymphocytes specific for self 
H-T by K. Nakano et al., Nature 289, §59-563 (1981), Table 1 contained some 
errors. The correct version appears below. 
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Table 1 Genetics of target determinants for the lytic activity of B6D2F, 
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“Lipidic particles’ 
are intermembrane 
attachment sites 


THE nature of lipidic ‘particles’ and ‘pits’ 
in freeze-fracture replicas of liposomes 
has been much debated. Recently, Miller' 
presented arguments that the particles 
and pits represent conical deformations 
of membranes, rather than inverted 
micelles sandwiched between membrane 
leaflets—a model repeatedly suggested 
by Verkleij et al.**. We have also 
observed lipidic particles and pits in 
liposomes of mixed egg phosphatidyl- 
choline (PC)-soybean phosphatidyl- 
ethanolamine (PEY and mixed PC-PE- 
cardiolipin, and our results essentially 
agreed with those of others’ ™*, Moreover, 
we have more convincing evidence for the 
deformation model as presented below. 
The evidence has led us independently to 
arrive at a similar model‘ to that proposed 
by Miller. 

We have obtained  cross-fractured 
profiles of the particles and pits in multi- 
lamellar vesicles. As shown in Fig. la, 
most of the remaining halves of the frac- 
tured particles and pit are seen as inter- 
lamellar contact points, although a few 
single particles (open arrows) are also 
observed. The profile of the lipidic particle 
is clearly conical, with the base extending 
to 200 nm. They are considerably larger 
than the mean size of proteinaceous 
intramembranous particles, as seen in Fig. 
ib. Here, in a PC-PE vesicle containing 
human erythrocyte membrane protein, 
large conical lipidic particles are clearly 
seen at the fracture line as contact sites 
between adjacent membranes. Protein- 
aceous particles are hemispherical 
with diameters of ~10 nm. As the lipidic 
particles and pit are really cusp-shape 
distortions, they should be named as such 
instead. When multilamellar vesicles con- 
taining <30% PC in PE were quenched 
at room temperature, rows of cusps 
on the fractured faces were frequently 
observed. However, cusps are not found 
in large single lamellar vesicles (verified by 
negative staining) of the same lipid mix- 
ture. This provides independent evidence 
that intermembrane attachment is re- 
quired for the formation, stabilization and 
alignment of the cusps. Our results give 
definite support for the cusp model’ in 
preference to the inverted micelle model’. 

This work was supported by NIH grant 
GM 28120 and American Cancer Society 
grant BC-248. 


S. W. Hut 
THOMAS P. STEWART 


Electron Optics Laboratory, 
Biophysics Department, 

Roswell Park Memorial Institute, 
Buffalo, New York 14263, USA 


L Miller, R. G. Nature 287, 166-167 (1980). 

2, de Kruijff, B. et al. Biochim, biophys. Acta $88, 200-209 
(1979). 

3. Verkleij, A. J, Mombers, C., Gerritsen, W. J., Leunissen- 
Bijvelt, L. & Cullis, P. R. Biochim. biophys. Acta 8855, 
358-361 {1979}, 

4. Verkleij, A. Jo van Eckteld, C. J. A., Gerritsen, W. J., 
Cullis, P. R. & de Kruiff, B. Biochim. biophys. Acta 600, 
620-624 (1980). 

5. Hui, $. W., Stewart, T. P., Yeagle, P. C. & Albert, A. Archs 
Biochem. Biophys. {in the press). 

6. Hui, $. W., Stewart, T. P., Boni, L. T. & Yeagle, P. L. 
Science (in the press). 





Fig.1 Freeze-fracture electron micro- 
graphs of multilamellar vesicles of 25% 
PC in PE (a), and with added crude 
human erythrocyte membrane protein 
(smaller particles} extracted with Triton 
X-100 (b). Lipidic particles and pits are 
seen as intramembrane attachment sites in 
cross-fractured areas (arrowhead), some 
of which have developed extensive 
contacts (solid arrows). Open arrows 
indicate occasional conical particles on 
one bilayer alone. Experimental proce- 
dures are given elsewhere*®. Scale bar, 
$00 am. 


VERKLEIN AND DE KRUILUFF REPLY— 
We believe that ‘lipidic particles’ repre- 
sent inverted micelles formed either 
within a single bilayer’ or at the nexus of 
intersecting bilayers during fusion of 
membranes**. We have presented?’ 
evidence for this interpretation and 


against the lipidic particles being local 
bilayer curvatures as inherent to the 
intermembrane attachment side (IMAS) 
model as proposed by Miller® or the 
similar cusp model proposed by Hui and 
Stewart in their letter. These arguments 
and new facts supporting our hypothesis 
can be summarized as follows: 

(1) The crucial point ignored by the 
IMAS model is that the lipidic particles 
have been exclusively observed in lipid 
systems in which at least one of the lipid 
species prefers the hexagonal phase II 
(Hn). In this latter phase the lipid mole- 
cules are cone shaped and oriented with 
their polar head group towards an 
aqueous Channel of a small radius. Any 
model of the lipidic particle must take into 
account this favourable organization of 
H,,-type lipids, a criterion met in the 
inverted micelle model. This requirement, 
however, is not fulfilled with the IMAS 
model. For instance, in the cardiolipin- 
lecithin system, cardiolipin will be 
present at the top of the strongly curved 
bilayer where it can only fit if the mole- 
cules have an ‘inverted cone’ shape. 
However, cardiolipin assumes a cone 
shape in the presence of Ca’. 

(2) In line with this argument, a direct 
morphological association has been ob- 
served between the H,, phase and the 
lipidic particles*’’, indicating a close rela- 
tionship of these structures. Furthermore, 
we have found in some systems*”’ three- 
dimensional arrays of lipidic particles 
which probably represent an agglomer- 
ate of inverted micelles. An analogous 
example of structural relationships be- 
tween micellar and hexagonal phase can 
be found in another area of lipid poly- 
morphism in that lipids can adopt both 
micellar and hexagonal H, phases in 
water, as, for instance, does lysophospha- 
tidylcholine®. 

(3) In the IMAS model, the bilayer 
must be strongly curved as the lipidic 
particles can be very small (60-130 A in 
diameter)*. Such a strong bilayer curva- 
ture is energetically highly unfavourable 
because the minimum curvature of the 
bilayer in the most strongly curved system 
(sonicated vesicles) is at least 250A in 
diameter. 

(4) The IMAS model ignores the 
extensive *'P NMR studies on the lipidic 
particle-containing systems*’. The pro- 
found hysteresis of the isotropic peak in 
the *’P-NMR spectrum of these systems 
can be best explained by a model in which 
inverted micelles are located in rows at the 
fusion site of two bilayers’’. 

In conclusion, we feel that these 
arguments strongly suggest that lipidic 
particles represent intrabilayer inverted 
micelles. Also, the observation that in 
systems such as that described by Hui and 
Stewart the particles are relatively large 
and cone shaped can be interpreted as the 
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presence of inverted micelles at the fusion 
site of two well separated bilayers". 


A. J. VERKLEIN 
B. DE KRULFF 
Institute of Molecular Biology, 
State University of Utrecht, 
PO Box 80.063, 
3508 TB Utrecht, 
The Netherlands 
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Fossil charcoal 
and the palaeoatmosphere 


Ir has been proposed by Cope and 
Chaloner’ that oxygen levels in 
palacoatmospheres may be assessed by 
the presence or absence of charcoal in the 
geological record. Although oxygen is 
required for burning, it is not necessary for 
charcoal formation. When wood is sub- 
jected to high temperatures, oxygen- 
bearing gases are evolved, yielding an 
oxygen-depleted graphitic network 
(charcoal)?. Charcoal formation is 
favoured by low oxygen concentrations at 
the solid surface and forms in anoxic 
conditions at temperatures above 200 °C. 
In the remote past, however, heat from 
wood fires, sustained by atmospheric 
oxygen, was probably the dominant agent 
for charcoal formation. Thus, the coupling 
of atmospheric oxygen concentration to 
charcoal formation may not be as direct as 
has been proposed. 

That the occurrence of charcoal is 
determined by the oxygen concentration 
required for carbon monoxide or methane 
to burn, as Cope and Chaloner presume, 
has not been demonstrated. Depending 
on configuration, ignited wood samples 
may not continue to burn in atmospheres 
containing as much as 13-21% oxygen’. 
At lower concentrations the most likely 
source of heat for charcoal formation 
would not be available. 

It is not known whether palacoat- 
mospheric pressures were identical to 
present-day values. The proportion of 
oxygen required for ignition depends on 
the pressure*, but the dependence has not 
been investigated for. wood. If inert gas is 
added to air, as in submarines, the partial 
pressure of oxygen and consequently 


respiration are unaffected, but the pro- 
portion of oxygen may be reduced 
sufficiently to prevent a match from 
burning”. 

While applauding the cross-disciplinary 
approach of Cope and Chaloner, we cau- 
tion that the effects we have described 
should be considered before this poten- 
tially valuable probe of palaeoat- 
mospheric composition be used. With 
refinement, this might be extended to 
explore fascinating problems, such as 
atmospheric implications of expanding 
Earth models and the effects of oxygen 
and carbon dioxide partial pressures on 
photosynthesis" in the past. 


F. R. S. CLARK 
Fire Research Section, 
National Research Council 
of Canada, 
Ottawa, Canada K1A OR6 


D. A. RUSSELL 
Paleobiology Division, 
National Museum of Natural 
Sciences, 
Ottawa, Carada K1A OM8 
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CHALONER AND COPE REPLY— 
Although we are aware that charcoal may 
be produced in a variety of physical 
conditions, we must stress that the theme 
of our letter was to examine the 
palaeoatmospheric implications of our 
studies of the widespread distribution of 
charcoal (fusinite) in the geological 
record. We did not attempt to present a 
comprehensive survey of the conditions of 
charcoal formation. 

In the natural environment, charcoal 
may be produced in conditions of both 
pyrolysis and combustion, but the 
mechanisms for charcoal formation are 
few. First, basalt laval fows are known to 
engulf vegetation and subject the included 
woody tissues to pyrolysis, transforming 
these into charcoal’. Second, in swamp 
peat accumulations, local temperature 
rise caused by exothermic decomposition 
reactions may initiate smouldering which 
could produce charcoal. Third, and most 
important, combustion of vegetation by 
forest fire can result in the production of 
large volumes of charcoal as a residue. It is 
the last mechanism which we believe to be 
responsible for the generation of the 
greater proportion of charcoalified 
phytoclasts which occur in ancient sedi- 
ments. Thus, our suggested implication 
for past atmospheric composition is not 
based on the range of physical conditions 
for charcoal production but on the 
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restriction (in terms of oxygen level) which 
can be placed on the occurrence of large- 
scale natural burning, that is, the combus- 
tion associated with forest fire. We placed 
this restriction at a minimum oxygen level 
of ~0.3 present atmospheric level (PAL). 
We acknowledge that it may be possible to 
produce charcoal in special circumstances 
with oxygen levels <0.3 PAL. However, 
at such levels it would not be possible to 
maintain the combustion mechanism for 
the production of the large quantity of 
charcoal preserved in the geological 
record, estimated to be 4x 10°-4x 10’ 
tons in post-Silurian rocks’. 

Since the publication of our letter we 
have learned (K. N. Palmer, personal 
communication) that the combustion 
levels of carbon monoxide and methane 
described in the experiments of Coward 
and Jones? were based on pre-mixed 
flames. In conditions of natural burning 
the combustion is by diffusion flames, 
where the minimum level of oxygen 
required to support combustion is more 
likely to be ~13% (~0.6PAL), cor- 
responding to the lower levels of oxygen 
concentration in the extinction experi- 
ments of Rasbash and Langford*. Thus, 
we are able to revise our minimum esti- 
mate to ~0.6 PAL, thereby placing 
further constraints on estimates of oxygen 
concentration in post-Silurian atmos- 
pheres. 

The question of increased atmospheric 
pressures is interesting. Since it is 
generally accepted that the oxygen in the 
Earth’s atmosphere has accumulated 
steadily from photosynthetic build-up, 
any proposed models of palaeoat- 
mospheres should set the partial pressure 
of oxygen at or about its present level. 
Presumably, for an oxygen/nitrogen 
palaeoatmosphere at higher than present- 
day atmospheric pressure, the implied 
increased partial pressure of nitrogen 
would have to be accounted for by 
increased rates of volcanic outgassing in 
the past. We do not know of any geologi- 
cal evidence to support or reject this type 
of model, and therefore can make no 
further comment on this aspect. In the 
absence of such data we can only assume 
that past atmospheric pressures were 
similar to those of the present day. In such 
conditions we offer the occurrence of 
charcoal in the sedimentary record as a 
valuable geological indicator in any pro- 
posed palaeoatmospheric models. 


M. J. COPE 

W. G. CHALONER 
Department of Botany, 
Bedford College, 
Regent’s Park, 


London NWI 4NS, UK 
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OK REVIEWS 


Doing things in the public interest 
Eric Ashby 


Implementing Public Policy. By Ruth 
Levitt. Pp.213. (Croom Helm/Biblio, 
Totowa, NJ: 1980.) £11.95, $30. 


It TAKES courage to write a book called 
Implementing Public Policy. The author 
walks in the footsteps of some very dis- 
tinguished stylists: Bentham and Bagehot 
in the last century, Wheare and Aronin this 
century. It was Bagehot who made the 
point that success in public policy 
*““depends on a due mixture of special and 
non-special minds — of minds which 
attend to the means and of minds which 
attend to the end’’. Since Bagehot’s time 
the means have become more sophisticated 
and the end more controversial. The ‘‘due 
mixture” of special and non-special minds 
sometimes fails to produce the desired 
result. As arule the special mind producesa 
rational case, based on hard data; the non- 
special mind employs what is called 
political judgement, which is just a 
dignified way of saying “hunch”. Lord 
Salisbury, writing over a hundred years 
ago, made the point so well that there is no 
room for improvement: ‘‘. . . you should 
never trust experts... . They all require to 
have their strong wine diluted by a very 
large admixture of insipid common sense’’. 

Ruth Levitt’s book is a variation on this 
theme. The merit of her book is that she 
eschews vague generalization about how a 
decision to do something in the public 
interest becomes transformed into 
something actually done in the public 
interest. Instead she selects a specific 
example of public policy and uses this as a 
paradigm for public policy in general. Her 
specific example is policy for pollution. It is 
an apt choice: all political parties agree that 
it is a good thing to abate pollution, so the 


issue is not bedevilled by party politics. The: 


means for abating pollution are highly 
technical and cannot be left to politicians 
or bureaucrats; the ‘‘due mixture’’ has to 
include scientsts, economists and lawyers. 
And the end, though not entirely free from 
controversy, is not obscured by ideologies. 
The choice of pollution, therefore, clears 
the ground of several difficulties. 

Ruth Levitt’s technique is to dissect the 
Control of Pollution Act, 1974, and then to 
examine its implications in four case- 
studies: toxic waste disposal, the EEC 
directive on bathing water, noise abate- 
- ment, and industrial air pollution. In fact 
~ and Ruth Levitt makes this clear — these 
case-studies involve not only the Control of 
Poliution Act but other laws as well. She 
describes, with abundant references to 
recent literature, how the control of dump- 
ing of toxic wastes arose in response to sen- 
sational reports in the mass media, not in 
response to the considered recommend- 





ations of a committee appointed to 
examine the problem by the Ministry of 
Housing and Local Government. The 
advice of the special mind was disregarded. 
It was ‘‘insipid common sense’’ on the part 
of the non-special mind which, in 1972, 
hustled a Bill through Parliament in record 
time to control poisonous waste. 

Section 17 of the Control of Pollution 
Act is intended to supersede this hasty 
legislation; but action on this was delayed 
for over six years, partly because the special 
minds could not define precisely what toxic 
waste was. At long last, on 17 November 
1980, regulations to control special waste 
were laid before Parliament. They 
illustrate one of the themes of Ruth Levitt’s 
book: the difficulty of getting 


_ unambiguous and politically viable advice 


from the special minds. The regulations 
proscribe the uncontrolled dumping of 
wastes ‘“‘dangerous to life’. And how do 
you think ‘‘dangerous to life’’ is defined? 
Waste is dangerous to life if ‘‘a single dose 
of not more than five cubic centimetres 


would be likely to cause death ... if 


ingested by a child of 20 kilograms’ body 
weight’’. Itisno wonder that there has been 
a prayer against these regulations in the 
House of Lords, where the criterion of 
dangerous-to-life was ridiculed in a spate 
of not-so-insipid common sense (one noble 
baroness called it ‘‘cock-eyed’’). 

Ruth Levitt’s second case-study is 
another example of the mismatch between 
the specialist and generalist ingredients of a 
political decision. The EEC’s policy is to 
harmonize environmental laws in the 
member nations; so the Commission issues 
inflexible directives which are intended to 
apply from the tip of Scotland to the tip of 
Sicily (and now to the isles of Greece). The 
directive on bathing water, obviously 
drawn up with an eye to a crowded resort 
on the tideless Mediterranean, prescribes 
mandatory values for some dozen 
parameters that have to be measured regu- 
larly, especially where ‘‘the concentration 
of bathers exceeds a mean value of 10,000 
persons per linear kilometer’’. If the state 
of British bathing beaches were a hazard to 
health, such a draconian system of 
monitoring might be justified; but there is 
no evidence whatever to support the view 
that the very great cost of monitoring 
bathing beaches in Britain according to this 


directive is justified. Yet it is now 
Community Law; an example of policy- 
making just for the sake of policy-making. 

The other two case-studies are equally 
illuminating. Policy on noise abatement, 
like policy on the deposition of toxic waste, 
is hampered by insufficient technical 
knowledge. Policy on industrial air 
pollution is not hampered in this way but it 
is misunderstood. The achievements of the 
Alkali and Clean Air Inspectorate are in 
fact one of the great success stories in the 
control of pollution. But there has never 
been adequate communication between the 
Inspectorate and the public. There is 
provision in the Control of Pollution Act 
(sections 79-83) to empower local 
authorities to keep registers, open to public 
inspection, with particulars of industrial 
emissions. A Royal Commission, a 
committee set up by the Clean Air 
Council, and sundry groups of 
environmentalists have urged that the 
public havea right to know what is in the air 
they breathe, but practically nothing has 
been done; an example of another point 


Ruth Levitt makes, that there is a gap — 
“sometimes a deliberately unbridged gap — 


between the passing of a law and its. 
implementation. 

The case-studies are valuable and, onthe 
whole, accurate. (Some of Ruth Levitt’s 
statements are not, in my view, correct, but 
it would be quibbling to dispute them.) 
What is disappointing about the book is its 
neglect of the historical dimension of 
pollution policy, and the omission of any 
reference to studies on similar public policy 
done in the USA and Canada. The purpose 
of the case-studies is to illustrate the 
general pattern of decision-making for 
public policy. But this pattern cannot be 
understood if it is observed without 
reference to its evolution. Thus the present 
interpretation of the formula ‘‘best 
practicable means’’, discussed in Chapter 7 
of the book, makes little sense if one does 
not take account of the early use of the 
formula in the Towns Improvement Acts in 
the early 1800s, the criticism of these by de 
la Beche and Playfair in their pioneer 
report to the government in 1846, and the 
new interpretation given to it by the Alkali 
Inspectorate in the 1870s. 

As for reference to work on the other 
side of the Atlantic, I think Ruth Levitt’s 
concluding chapter on effective public 
policy would have been greatly improved if 
she had taken account of the work done by 
Dorothy Nelkin and her associates in 
Cornell. Ruth Levitt mentions the role of 
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public opinion in agenda-setting, but she 
barely mentions the implications so per- 
ceptively analysed in Technological 
Decisions and Democracy (see Nature 280, 
849; 1979) and other papers by Nelkin. 
There is still great confusion about how 
public policy is made. The present demand 
for public participation in policy about the 
environment makes it very important that 
this confusion should, as far as possible, be 
cleared away. Ruth Levitt’s book is a 


serious and useful contribution toward this 
end. But, as the author herself says in the 
preface, her idea has not been to make 
judgements, but rather ‘‘to observe, clarify 
and draw attention to relevant detail”, 
This is what she has done. i 





Lord Ashby is Chancellor of Queen’s 
University, Belfast, and a Fellow of Clare 
College, Cambridge. He was a member of the 
Royal Commission on Environmental Pollution 
from 1970 to 1973. 


Molecular genetics: a language to be learnt 


Jiri Novotny 





Evolution and Variation of Multigene 
Families. Lecture Notes in Biomathe- 
matics, Vol.37. By Tomoko Ohta. Pp.131. 
(Springer-Verlag: 1980.) Pbk DM 19.50, 
$11.50. 





GALILEO Galilei said that mathematics is 
the language in which God wrote the book 
of nature, Most of science seems to sub- 
stantiate this idea, but there are exceptions. 
The whole field of chromosomal DNA 
study, for example, presents us with a con- 
spicuously non-quantitative picture. 
Although this feature may contribute to its 
present-day popularity, it is also rather dis- 
turbing. It signals that our contemporary 
knowledge of gene and chromosome 
organization (to say nothing of chromo- 
some evolution) is far from a real 
understanding and is merely superficial at 
best. 

Only partly is this situation due to a lack 
of quantitative information, Since the 
advent of DNA cloning and sequencing, 
volumes of such data are emerging almost 
dai.y. What we seem to be lacking, 
however, is quantitative understanding. 
Quantitative data are no more useful than 
qualitative if we do not know what they 
mean and in what context to understand 
them. The uniqueness of Ohta’s book lies 
in the fact that, for the first time, it outlines 
a quantitative theory of what happens with 
the genomic DNA in the course of time. 

The book is brief, informal and although 
it contains some (rather unimportant) 
errors, it is appealing in its sincere 
endeavour to provide us with a unified and 
thorough explanation of diverse 
phenomena: genetic correlation among 
and within multigene families governed by 
unequal crossing-over, amino acid 
sequence variation of immunoglobulins, 
amino acid site linkage disequilibrium, 
gene conversion, accumulation of non- 
functional genes. This is a difficult goal; in 
consequence the book is sometimes hard to 
follow. Compared to the intricacy of the 
subject itself, it is nevertheless a condensed 
and understandable presentation which is 
well worth reading. Ohta’s work goes far 


beyond the pioneering studies of Smith 


(Science 191, 528-535; 1976) and others in 
that it deals not only with the evolution ofa 
single chromosome but also with the sexual 
gene exchange in a population. A key 
notion of the theory is the identity 
coefficient: the probability of two genes of 
the same multigene family being identical 
by descent. Several different coefficients 
are defined and compared to analyse 
different levels of the genome; conclusions 
drawn from their comparison are indeed 
interesting. Particularly original and 
innovative is the analysis of 
immunoglobulin V regions. The within- 
species and between-species coefficients 
are computed separately for the 
framework and hypervariable sections of 
the V genes and shown to vary corre- 
latively. Another part of the book gives a 
non-traditional discussion of a notorious 
issue, the question of V gene families and 
subfamilies and their interrelation in the 
course of evolution. 

I have no doubt that anybody who is 
interested in molecular evolution will find 


pele 


this book stimulating and useful. a 





Ji¥i Novotny is an Assistant Professor in the 
Cellular and Molecular Research Laboratory of 
Massachusetts General Hospital and Harvard 
Medical School. 


Great balls of fire? 
E. Philip Krider 


Ball Lightning and Bead Lightning: 
Extreme Forms of Atmospheric Elec- 
tricity. By James Dale Barry. Pp.298. 
(Plenum: 1980.) $29.50, £18.59. 





THE remarkable phenomenon of ball 
lightning has both frightened and 
fascinated mankind for centuries. A 
typical ball lightning is a mobile sphere, 
about the size of an orange or grapefruit, 
which is produced during a thunderstorm 
and which remains luminous for one or 
more seconds. Ball Lightning and Bead 
Lightning is the second book to be 
published about this subject by Plenum in 
the past ten years. The first book, The 
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Nature of Ball Lightning by S. Singer, was 
an attempt to integrate many of the 
previous papers on ball lightning, both 
observations and theories, that have ap- 
peared over the past several hundred years. 

This second work by J. D. Barry reviews 
the known physical characteristics of ball 
lightning that have been deduced from 
visual observations and laboratory 
experiments, and then attempts to deduce 
other characteristics and properties which 
are consistent with these observations. One 
chapter is also devoted to a discussion of 
bead lightning, a more familiar 
phenomenon but one which is still poorly 
documented in the scientific literature. 

The book begins with a brief description 
of normal lightning and an assumption that 
ball and bead lightning do indeed exist. 
Chapter 2 lists all known references to bead 
lightning, and then presents all published 
photographs of this phenomenon together 
with a critical evaluation of their 
interpretations, The remaining six chapters 
are devoted to a review of the characteris- 
tics of ball lightning, a presentation and 
critical evaluation of all published 
photographs that have been reported to be 
of ball lightning, a review of the laboratory 
experiments which have attempted to re- 
produce the natural event and a com- 
prehensive bibliography. 

The book is well written and complete at 
a qualitative level. The principal 
deficiencies are in the review of normal 
lightning characteristics and the discussion 
of bead lightning — the characteristics of 
normal discharges are quite important if 
one is to evaluate production mechanisms 
or if one wishes to compare ball 
characteristics with a normal channel. No 
values are given for leader and return 
stroke currents or their statistics; there is no 
discussion of continuing currents; and the 
electric power and energy dissipated by 
normal flashes is not considered. There is 
no presentation of time-resolved photo- 
graphs, which almost always show the 
streaks of persisting luminosity that may 
well be a short-duration form of bead light- 
ning, The suggestion that bead effects are 
most commonly observed during cloud-to- 
cloud discharges (p.11) is contrary to the 
cloud-to-ground emphasis in works 
previously published by lightning 
researchers. There is also no discussion of 
whether a simple projection of the three- 
dimensional channel tortuosity toward or 
away from the observer could explain the 
beaded appearance of, say, a long-con- 
tinuing current. 

Despite these shortcomings, the book is 
a valuable introduction to a fascinating 
subject and will certainly stimulate 
research in this area. The collection of over 
50 photographs and a bibliography of over 
1600 entries are truly exceptional and will 
serve the scientific community well for 


p 


years to come. E 


E. Philip Krider is a Professor at the Institute of 
Atmospheric Physics, University of Arizona, 
Tucson. 
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Cooperation in limnology, a further achievement of the IBP 


C.M. Yonge 


The Functioning of Freshwater 
Ecosystems. Edited by E.D. Le Cren and 
R.H. Lowe-McConnell. Pp.588. (Cambridge 
University Press: 1980.) £40, $95. 


THE objective of the International 
Biological Programme was the furtherance 
of our understanding of the biological basis 
of productivity and its relation to human 
welfare. The study of productivity 
involved the organization of international 
studies on land, in the sea and in 
freshwaters. The last-named posed the 
greatest problems, both because previous 
international studies had been slight and 
because conditions in such waters range so 
very widely — from oligotrophic highland 
lochs to tropical alkaline lakes containing 
dense but specifically restricted algal 
populations which support equally 
specialized fish and bird populations. 

Because it involved the stimulation of 
self-financing local enquiries, no section of 
the programme demanded greater orga- 
nization. The eventual world-wide part- 
icipation is indicated in the maps which 
adorn the end pages of this book which, 
following earlier publications concerned 
largely with methodology, represents the 
final outcome of the freshwater 
programme or, more concisely, IBP/PF. 
Under the overall supervision of the 
Director General, Dr Barton Worthington, 
especial responsibility rested with the full- 
time coordinator, Dr Julian Rzoska, to 
whose dedicated activities, including the 
particularly close involvement of eastern 
European countries, this impressive 
volume is a tribute. 

As Professor Livia Tonelli, the last of a 
number of convenors, writes in the 
Introduction, “‘This book is the result of 
years of a corporate effort by many 
scientists all over the world to advance the 
knowledge of production limnology’’. The 
truth of this statement is borne out when it 
is realized that it represents the combined 
contributions of no less than 43 authors 
reporting from the 93 widely scattered 
sites. Not only was interest so widely 
stimulated but important bilateral projects 
came into being between such widely 
separated countries as West Germany and 
Brazil, France and Chad, Japan and 
Malaya, and Britain and Uganda. 

Freshwaters vary widely in character and 
consequent productivity; they are also 
quickly and often profoundly influenced 
by local human activities with con- 
sequences ranging from total toxicity to 
-extreme eutrophication. Yet they also have 
great potential, realized most fully in 
Southeast Asia, for the production of fish 
and prawns for human consumption. 

All means of control, alike against 
damage and towards increased pro- 
ductivity, depend on basic understanding 
of prevailing conditions. It is this that is the 


theme of the book. The chapters range 
from discussion of the effects of physical 
and chemical variables to analysis of 
primary and secondary production. 
Studies on the significance of organic 
matter and decomposers are followed by 
chapters on trophic relationships and 
efficiencies, then come others dealing with 
estimations of productivity and 
consideration of the value of dynamic 
models of lake productivity. The final 


chapter by G.G. Winberg provides a most 
interesting summary of the results of Soviet 
freshwater studies. 

The overall result with its final 66 pages 
of references is a volume of unique value to 
all limnologists and one of the major 
achievements of the International Bio- 
logical Programme. s 





Sir Maurice Yonge is an Honorary Fellow in 
Zoology at the University of Edinburgh. 


Wooldridge and Linton re-viewed 


F. W. Shotton 


The Shaping of Southern England. 
Institute of British Geographers Special 
Publication, No 11. Edited by David K. C. 
Jones. Pp.274. (Academic: 1980.) £14.60, 
$34.50. 


THis book was commissioned by the 
Institute of British Geographers to 
celebrate the fortieth anniversary of the 
publication of Wooldridge and Linton’s 
Structure, Surface and Drainage in South- 
East England (IBG, 1939). In a preface and 
ten chapters, eleven authors are involved, 
some of them more than once. This 
assembling of the latest opinions of 
geomorphologists on the evolution of the 
topography of their own terrain, namely 
the Thames Basin, the Weald and the 
Hampshire Basin, will be appreciated by 
geologists and geographers from a much 
wider area. The evolution of the form and 
drainage of this part of England was 
argued about long before Wooldridge and 
Linton, as K. Clayton points out. The 
value of Structure, Surface and Drainage 
lay less in its conclusions than in the way it 
combined meticulous field observation 
with scientific interpretation and thus 
steered geomorphological thought to its 
present position. 

Although it is stated that the book is a 
memorial to Wooldridge and Linton, only 
four chapters examine their conclusions 
critically. Two of these, by D. K. C. Jones 
and R. J. Small respectively, deal with the 
development of the landscape during the 
Cainozoic era, and although Small adds 
the words ‘‘an alternative interpretation” 
to his title, it is more of an alternative to 
Wooldridge and Linton than to Jones. 
Both authors reject two of the main tenets 
of the original interpretation, which 
postulated a late Oligocene or early- 
Miocene ‘‘Alpine storm’’ of earth 
deformation with subsequent tectonic 
quiescence while the land surface was 
reduced to a peneplane, and a marine 
invasion (the so called Calabrian or late- 
Neogene transgression) to a height of 
about 200m. Instead they envisage a 


succession of deforming pulses from the 
early Eocene onwards, with concurrent 
erosion or deposition. 

Two other papers, by C. A. Baker with 
D. K. C. Jones and by C. P. Green and D. 
F. M. McGregor, deal with the diversions 
of the course of the Thames during the 
Pleistocene. These I found less satisfying, 
for although the authors differ from 
several points of the original 
interpretation, they also reveal how much 
still remains unresolved. On the age and 
origin of the Chiltern Drift, surely pre- 
Cromerian but not inevitably a till, there is 
no clear consensus. 

The other contributions are not so 
closely related to Wooldridge and Linton 
but are no less interesting because of that. 
They deal with the origin of the sarsens, the 
residual deposits of the North Downs, the 
palaeohydrology of the Kennet Valley and 
the effect of periglacial weathering on 
Chalk. A final chapter by C.P. Green 
describes the development of 
geomorphology as it is now understood 
and practised, and discusses its probable 
future. Green points out that modern 
geomorphology, combining as it does the 
study of land form and drainage, the 
physical processes by which these are 
developed, stratigraphy, sedimentology, 
palaeoenvironment reconstructions and 
relative and absolute chronology, was 
taken over by geographers from the 
geologists. It gives no pleasure to me to. 
read (and half admit) that this was due to 
‘“‘the relative lack of interest in the 
Quaternary among British geologists’. 
In fact Wooldridge, acknowledged as 
one of the great pioneers in modern 
geomorphology, was, by training and early 
employment, a geologist. Green’s chapter 
emphasizes that geomorphology is now 
neither simple geography nor geology buta 
hybrid of both, biology also providing a 
formative influence. The subject is truly 
scientific and very much a part of earth 
science. = 
F. W. Shotton is Emeritus Professor of Geology 
ai the University of Birmingham. 
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Continued from page 356 

of confusing the origins with the content of a 
scientific theory4. Any student of sociology or 
philosophy of science is likely to be intrigued 
by the social framework of the emergence of 
sociobiological theory over the last decade and 
its relationship to the New Right ideology?. 
But having explored that link, it is the task of 
critics of sociobiology to expose what they see 
as its methodological, internal inadequacies 
(for example, refs 6 and 7). 

If sociobiologists want to avoid the charge 
that they believe that biology is destiny, they 
should beware of telling magazines that they 
know ‘‘why we do what we do” or entitling 
their books The Selfish Gene, The Inevitability 
of Patriarchy or On Human Nature. The 
trouble is that they want to have their cake 
and eat it. They imperialize the human 
sciences (vide the first paragraph 
of Sociobiology, The New Synthesis) 
and are embarrassed by the outcome. 

This is why the final chapters of 

Dawkins’ or Wilson’s books are so confusing. 
Having set out the inexorable destiny of 
genetic predispositions to xenophobia, 
aggression, patriarchy or whatever, they 
invoke the possibility of a human conscious 
prospect of overcoming these predispositions. 
As Dawkins puts it in his letter, with respect to 
philandering males ‘‘many humans (have) 
some at least momentary intention of 
overcoming their polygamous tendencies. 
Many even succeed in this’’, For Wilson 
euphenics may overcome any “hereditary 
tendency” to acquire xenophobia. Free will, 
intentions and wishes (or Dawkins’ memes) 
like the US cavalry, come galloping over the 
horizon in the nick of time to rescue us from 
our genes. 

But where does our free will, etcetera come 
from? How can we be both genetically 
programmed robotic DNA survival machines 
and have the extraordinary capacity to 
transcend these programs? The truth is that 
sociobiological determinism, when challenged, 
collapses into the weakest sort of Cartesian 
dualism. For consistent materialists — like 
Gould, whom Dawkins quotes, and, I hope, 
myself too ~~ we must argue that wishes, 
intentions etc. are as much, or as little, 
“given” by our genes as any other aspect of 
our human existence. The interesting thing 
about humans is that the fact that we can 
change what we do is as much part of our 
biology as how we do what we do. To give the 
example used in my review of Wilson — if - 
humans were quadruped and not biped, their 
social arrangements would be different; that 
humans are biped is genetically ‘‘given’’, 
therefore the human social order is genetically 
given. The point is that such genetic syllogisms 
are boringly uninteresting about either any of 
the crucial aspects of differences befween 
human societies or the changes that occur 
within any given society. They neither explain 
nor predict apartheid in South Africa, cultural 
revolutions in China, Born Again Christianity 
in the United States, the welfare state or its 
dismantling under Mrs Thatcher in Britain, 
still less any of our individual proclivities. 

On such questions then, biology has to be 
silent. H is because self-styled sociobiologists 
are not silent (I challenge anyone to read The 
Selfish Gene and come away without a clear 
impression of Dawkins’ views of what biology 
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has to say about the Welfare State, sexual 
mores or microeconomics) that their work 
both trivializes important social and biological 
questions and is so amenable to neo-Nazi and 
New Right ideology. 

STEVEN ROSE 
The Open University 
Milton Keynes, UK 
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Conservation sites 


Sin — The attack on conservation sites by 
Muir (Nature 12 March, p.82, 173), apart 
from ignoring that the scientific value is by no 
means the only value considered by 
conservationists, is based on several 
unacceptable assumptions. 

In implying that conservation sites are 
primarily for the preservation of rare species 
Muir ignores the fact that most have been 
primarily designated in order to conserve 
particular vegetation types, associations of 
organisms, natural or semi-natural 
ecosystems. The argument that ‘‘value to 
science of any objects or phenomena lies not 
in themselves but in the information they yield 
to study. Once this information is recorded 
and published whatever value remains in the 
objects or phenomena is of no value to 
science” is ridiculous on two counts. 

First, he specifies no criteria of ‘‘value’’ that 
are meaningful. He merely transfers the 
problem of what he means from conservation 
sites to published information about them. 
Even if one disregards this problem one is left, 
on his own arguments, with a strong case in 
favour of conservation sites. Ecology ts still a 
young science and it has hardly scratched the 
surface in its study of the vast majority of 
ecosystem types. The rate of ecological 
advance does not compare favourably with the 
rate of loss of certain habitat types. There are, 
as yet, no vegetation types or ecosystems 
whose study has been exhausted to the extent 
that they are of no further interest to ecologists! 

| am responsible for the ‘‘sites of special 
scientific interest” that make up the Malham 
Tarn Nature Reserve, one of the best 
documented nature reserves in the country. Its 
scientific documentation started with 
observations by John Ray in 1671 and has 
rapidly accelerated since 1947. We now know 
enough to realize that it will require much 
more study than that already accomplished 
before any scientist would be other than 
foolish to suggest the site was of no further 
interst to science, 

The tragedy of the present rate of loss of 
sites of special scientific interest is that we 
know so little of what is being lost. What little 
we do know strongly suggests that the Nature 
Conservancy Council have correctly identified 
the sites of greatest interest to science apart 
from them being those necessary if we are to 
achieve the conservationists’ aim to convey the 
maximum diversity of wildlife into the next 
century. The conservationist is not, as Muir 
implies, trying to halt evolution. He is 
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primarily concerned with the perpetuation of a 
diversity of habitat types. A variety of forest 
organisms depends on a variety of forest 
habitats —- regardless of the rates of evolution 


of their organisms. 


Malham Tarn Field Centre, 
Settle, North Yorkshire, UK 


DMSO and immunity 


Sir — The observations of Pestronk and 
Drachman! that dimethyl! sulphoxide (DMSO) 
reduced anti-receptor antibody titres in 
experimental myasthenia gravis in rats are of 
considerable interest. The authors conclude: 
“It seems likely that DMSO might also be 
effective in ameliorating other active humoral 
immune responses, If so, DMSO may provide 
an effective new treatment for immune 
diseases mediated by autoantibodies,” Lest 
this statement lead once more to 
proclamations of DMSO as a wonder drug, 
several important points need an answer. 

The LD. of DMSO by intraperitoneal (i.p.) 
injection is between 10 and 11 per kg for rats 
and mice. Pestronk and Drachman injected 
1.0 ml of DMSO into rats daily for 14 days. 
Assuming a body weight of 250 g for a rat the 
dose of DMSO for each rat would be . 
approximately 4 g per kg, or 36 per cent of the 
acute LD.y. The injection (i-p.) of this amount 
of DMSO into rats and mice produces a 
number of pharmacological and biological 
effects including an increase in peripheral 
blood pressure, changes in the oxygen levels, 
probable anoxia in the spleen and 
hypothermia?.3. In mice the level of 
hypothermia is severe, with rectal temperature 
reaching 33.5°C and recovery after a single 
injection of DMSO (4.5 g per kg) takes more 
than 6 h. Hypothermia represents a 
generalized but reversible toxicity. Many 
chemicals when injected at levels of 
approximately 20-40 per cent of the LDsy 
produce similar effects. 

Thus the clearly demonstrated effects of 
DMSO in decreasing antibody titres illustrated 
by Pestronk and Drachman may not be 
specific. In any event the possible therapeutic 
usefulness of a chemical effective at doses so 
close to the LDgg is unlikely to prove clinically 
acceptable. 


RHL. Disney 


M. J. ASHWOOD-SMITH, 
University of Victoria, 
British Columbia, Canada 


i. Pestronk, A. & Drachman, D. B. Nature 288, 733-734 
(1980). 

2. Ashwood-Smith, M. J. Thesis, Univ. London (1962). 

3. Ashwood-Smith,M. J. dnt J. Radiat. Biol, 341, 101 (1961); 
Ana N, Y., Acad. Sci. 141, 45-62 (1967). 


Sin — The comments of Professor Ashwood- 
Smith should serve as a useful reminder that 
the pharmacological actions of dimethyl 
sulphoxide must be carefully examined. The 
mechanism of action by which the drug 
suppresses anti-acetylcholine receptor 
antibodies in the experimental animal model 
of myasthenia gravis is not yet understood. 
Moreover, the reduction in serum antibody 
levels must be taken into account as a possible 
undesirable effect if the drug is contemplated 
for other clinical applications. 

ALAN PESTRONK 


| as DaNieL B. DRACHMAN 
School of Medicine, 


John Hopkins University, 
Baltimore, Maryland, USA. 
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Per Ardua ad Astra (et Terram) 


One swallow does not make a summer, but for people yearning 
to see the winter end, the sight of even a single swallow is bound to 
seem a cheerful omen. This is the spirit in which the managers of 
the United States National Aeronautics and Space 
Administration (NASA) will be glued to their television screens 
for the next few days, waiting to see whether the new reusable 
spacecraft, the shuttle, will succeed. With luck, the first version of 
the shuttle (called Columbia) will be launched on Friday this 
week, roughly two years later than first planned. Soon 
afterwards, it should be clear whether the spacecraft has found its 
way into an orbit about the Earth. Just over two days later, it may 
have found its way back again, to an airstrip in California. That is 
the plan. NASA officials will not be the only people biting their 
nails through this tense period. Several crucial scientific 
enterprises, the Large Space Telescope in particular, hang on the 
success of the shuttle. So do several important technical projects, 
the further development of the international telecommunications 
network for example. And while it is by no means clear what the 
Pentagon has in mind for this new means of putting things and 
people in orbit, the chances are that a success for Columbia this 
weekend will spark off a round of vigorous jockeying for priority 
in the launching timetable among the potential users. So much is 
easily predictable. 

It is therefore churlish but also necessary, even at this late stage, 
to raise the question of what happens if Columbia fails. 
Ordinarily, if the shuttle were a more conventional spacecraft, the 
consequences of failure would be negligible. The managers at 
NASA would bite their lips, utter whatever stoical comments the 
circumstances of failure required — and set to on the readying of 
the next spacecraft from the production line. If Columbia fails, 
they will no doubt follow the same tack but with less conviction. 
With the budget for the next fiscal year still enmeshed in 
Congress, it is unlikely that they could escape the thorough 
investigation of the whole shuttle programme that they have 
managed to avoid in the past two years. And even if the first flight 
of Columbia is a success, it is now clear that the development of 
the shuttle has been too much of a scramble for comfort. 

Of the problems that have beset (and delayed) development, 


Who, not Congress, 


How often do scientists cheat? How seriously, in the process, is 
the scientific literature corrupted? And what, if anything, should 
be done to put a stop to the occasional transgressions that come to 
light? The United States Congress (see page 435) should not be 
surprised that it failed to answer these questions in its brief inquiry 
last week into a few of the cases of wrongdoing that have come to 
light in the past few months. On the other hand, there is no reason 
why the research establishment should resent the inquiry or even 
fear that the outcome will be a novel, intrusive and probably 
unworkable system of regulation imposed from Washington. 
There is no reason to suppose that Representative Albert Gore’s 
subcommittee seeks to be a kind of arbiter of ethics in the research 
laboratory or that it plans to recommend some central system of 
regulation. The most sinister of the plausible motives for last 
week’s inquiry is that the subcommittee, which plans next to take 
up more general (and important) issues such as the propriety of 
arrangements between academic scientists and commercial 
companies in the field of genetic engineering, the adequacy of 
agreed procedures for experiments with human subjects and the 





the most serious is that concerned with the device for protecting 
the spacecraft from heat on reentry into the atmosphere. 
Recurring troubles with the ceramic tiles intended to accomplish 
this would have been comic if they were not also almost tragic. It 
has been forgotten that the tiles are a makeshift substitute for the 
wonder alloys foreseen when the shuttle was originally conceived 
of a decade ago, and which have not materialized. The other 
glaring deficiency in the development programme is the lack of 
flight experience. A single launching from the back of a Boeing 
747 can hardly command confidence. By contrast, recurring 
problems with the rocket motors, which may nevertheless turn 
out to be disastrous, are largely a monument to the American 
passion for optimizing everything — never use a rocket motor off 
the shelf if there is a chance that a purpose-built motor might be 
slightly more efficient seems to be the motto. If Columbia fails 
this weekend, these questions are certain to be reopened. 

Others than NASA officials should therefore keep their fingers 
crossed. The whole device may have been an imperfectly 
considered technological leap in the dark, but success promises a 
quantum jump in the utilization of orbits about the Earth. The 
planned reduction of cost (by roughly a factor of ten for unit mass 
placed in an orbit) is only a part of the promise. The possibility 
that the shuttle may be a means of maintaining and repairing 
satellites already in orbit is potentially more important. Whatever 
the outcome of this weekend’s experiment, there is therefore the 
strongest possible case for NASA to spend a substantial part of its 
hard-won budget on a more satisfactory solution than the present 
of the heat-shielding problem. That cannot be a simple task. 
Heat-shields based on thermal insulators whose surfaces ablate at 
high temperatures, widely used to protect the warheads of long- 
range missiles, are plainly unsuitable for spacecraft intended to be 
used repeatedly. Solid insulators intended to get rid of heat by 
radiation are even more susceptible than others to destruction by 
thermal shock. But mechanical cooling systems based on circu- 
lating fluids are probably impractical — their mass would be too 
great. NASA has already let one contract, seeking an alternative 
solution. It should quickly cast its net wider. For the shuttle, for 
all its defects, it the best American spacecraft in sight. 


should police fraud? 


like, is seeking to demonstrate at the outset that not all scientists 
are, like Caesar’s wife, above reproach. 

The committee’s inquiry would have been more productive if it 
had more clearly thought through the problem of malfeasance in 
research before dragging its impressive collection of witnesses to 
Washington last week. It should not have confined its inquiry to 
biomedical research, and it should have distinguished more 
clearly between the different kinds of misdemeanours that have 
from time to time become open scandals. The committee (and 
those who gave evidence last week) should also have had the wit to 
recognize that any formal central system for the prevention of 
misdemeanours is likely also further to inhibit freedom of access 
to the scientific literature. Journals and their referees are already 
sufficiently aware of the dangers of having wool pulled over their 
eyes. More restraint would diminish the chance that heterodox 
ideas would find their way into the light of day and further tip the 
scales against innovations. 

Plagiarism, the most flagrant of misdemeanours, is 
paradoxically not as serious a cause for concern as some pretend. 
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The activities of Dr E.A.K. Alsabti which came to light last year 
(Nature 285, 429 and 286, 437; 1981) were a flamboyant 
demonstration of how a person can make a mark in the literature 
with the help of a photocopying machine and a little ingenuity in 
rewriting the -titles of other people’s articles. Of necessity, 
however, success (if that is the word) requires that the plagiarist 
should be satisfied with publication in relatively obscure journals 
and that he should pass off as his own only uncontroversial or 
even dull observations by other people. Journals are not well- 
placed to spot this kind of transgression — even though some of 
Alsabti’s published papers should have set off alarms in the 
editorial offices of the journals in which they appeared. But even 
the most ingenious plagiarist cannot expect a long career. 
However obscure the journal in which he publishes, and however 
uninteresting the topic, systematic retrieval systems are now good 
enough to ensure that those working in the field, including the 
authors whose work has been plundered, will recognize what has 
happened within a year or so. In more active fields of research, 
detection is likely to be even faster. So much is clear from the 
sensation last year in which one of Professor Philip Felig’s 
collaborators at Yale University was accused of having stolen 
some text from a paper he had seen as a referee: not unnaturally, 
the plagiarizing paper was sent to the original authors for review 
and the whistle was quickly blown. Out-and-out plagiarism, then, 
is likely to be a nuisance only for librarians and bibliographers. It 
is exceedingly improbable that working scientists will be misled. 
And the penalties for the transgressors are severe — they are asa 
matter of routine expelled from the scientific community. 

The falsification of data is necessarily a more troublesome 
misdemeanour. If a person chooses to send for publication a set of 
data which is the product of imagination and not experiment, 
there is very little that journals and their referees can do to identify 
the deception. Nor would it help if would-be authors were 
required to send with their manuscripts copies of their laboratory 
notebooks (even though journals often require that authors 
should submit evidence to support puzzling conclusions, for 
example when there are doubts about the statistical analysis of 
raw data which do not form an integral part of a paper intended 
for publication). In the ordinary course of business, journals and 
their referees are not as competent as a reasonably competent 
investigator to make an assessment of what is involved. The 
laboratory bench has something in common with the 
confessional. It must be supposed that a person is telling the truth. 
If he is not, the penalties are severe, as Dr John Long, dismissed in 
January 1980 from the Massachusetts General Hospital (see 
Nature 289, 227; 1981) for falsifying published data, has found to 
his cost. 

Unfortunately, cases of falsification rarely emerge as clearly as 
this. The scientific literature is replete with records of 
observations which cannot be accommodated within the accepted 
framework of understanding but which are much more often the 
result of faulty techniques and mistaken interpretation than of 
deliberate falsification. And, no doubt, hidden in this mass of 

data are observations representing genuine challenges to accepted 
theories. It would be catastrophic if journals habitually declined 
to give house-room to data that could not be accommodated 
within the existing body of received wisdom. Although, on such 
occasions, journals have a duty to enquire closely into the 
methods by which data have been obtained, in the last resort it is 
essential that uncomfortable data should be published, not 
suppressed. If some small part of these data should be fabricated 
— and it is more likely that false data will be used in the support of 
orthodoxy, which is just as dangerous — that cannot be the end of 
the world. 

In the nature of things, it is exceptional that a single set of 
data can overthrow an accepted theory or sustain one that should 
be discarded. Even dramatic events such as the observation in 
192] that the images of distant stars were deflected at the limb of 
the Sun as predicted in 1917 by Einstein’s theory of gravitation did 
no: still (and have not stilled) arguments about the validity of that 
monumental work. Similarly, Dr Joseph Weber’s entirely well- 
intentioned claim (in 1968) that gravitational waves had been 
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detected by equipment based at the University of Maryland and 
the Argonne National Laboratory, although published in 
respectable journals (Physics Review Letters for example), 
carried little conviction even though it stimulated several attempts 
to repeat the observations of a phenomenon that should be 
observable, although not as strongly as Weber claimed. For what 
it is worth, the more recent observations by Steele and Gorczynski 
(see Nature 289, 678; 1981) of the inheritance of acquired 
immunological characteristics in mice deserve a place in the 
scientific literature even if, in the long run, their interpretation 
turns out to be different from that now given to them. At least 
where data bear on general understanding, witchhunting for 
fabricated data is likely to do more harm than good. Time will tell 
what data make sense, while the scales are already too powerfully 
weighted against the heterodox. 

So is there nothing for the US Congress to be alarmed about? 
That, unfortunately, is not the case. Last week’s inquiry 
produced some disturbing evidence of deliberate falsification in 
the trial and assessment of new drugs. No doubt from the best of 
motives (a concern that individual patients should have the 
advantage of the newest drugs), physicians are tempted to include 
in clinical trials people not eligible under the protocols laid down. 
Such deceptions will usually lead to the underestimation of the 
value of a new drug or other treatment, and thus risk the depriva- 
tion to future patients of valuable procedures. The safeguard, 
however, lies in the hands of those who supervise clinical trials — 
given the understandable temptation, why not demand 
authenticated medical histories of the patients included in them? 
Falsification of data bearing on the safety of new drugs, 
frequently (in the United States) produced by independent 
contracting laboratories, is potentially a more serious and 
intractable problem, but here again the remedy is accessible, and 
administrative. In such circumstances, bodies such as the Food 
and Drug Administration should (and frequently do) demand 
access to original laboratory records. Moreover, the agency has 
sufficiently competent technical staff to carry out a proper 
assessment of such data. In any case, the laboratories concerned, 
knowing that their reputations are at risk, have a vested interest in 
accurate reporting. It should not be beyond the wit of regulatory 
agencies to ensure that they are not wilfully misled. 

So should Representative Albert Gore’s committee conclude 
that there is nothing to be said? That is what Dr Philip Handler 
was suggesting last week. Unfortunately, that is too simple a view. 
Although the scientific community is enviably free from 
wrongdoing, at least as compared with other professional 
communities (lawyers or politicians, for example), it is too simple 
to suppose that the peer review system can be relied upon, at least 
in the long run, to root out all deception. One obvious snag is that 
acclaimed success, even if based on the over-interpretation of 
data, tends to breed more success. Grant-making bodies would be 
less than human if they were able to avoid all such traps. The past 
few months have also uncovered disturbing evidence that investi- 
gators holding substantial research grants are relatively immune 
from the scientific criticism of their close colleagues, and that they 
may also be so heavily engaged in the administration of a research 
programme (including the search for further grants) that they 
have little time to give to the detailed assessment of the data 
produced by research programmes in which they are titularly 
involved. Many of those to whom these descriptions apply will no 
doubt have mended their ways after learning of the tragic object 
lessons of the recent past. For the ultimate safeguard of the 
authenticity of scientific data rests not merely on the peer review 
system (whose critics necessarily lack first-hand knowledge) but 
also on full and frank discussion within individual laboratories. 
The benefits, too often denied, are not merely that a tiny 
proportion of unauthentic data will struggle with more difficulty 
into print but that laboratories will in general be made more 
productive and creative. It would be seemly if the subcommittee 
in its report urged such steps. It would be ridiculous to go further, 
and to ask that there should be some formal external process for 
demonstrating what is already self-evident — that the research 
profession is as much like Caesar’s wife as can be expected. 
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Universities complain at Pentagon policy 


Restrictions on 
foreign students 
cause alarm 


Washington 

Government interference in academic 
research, ostensibly to control the export 
of technical data, has stung the presidents 
of five top universities to protest. The 
Pentagon is seeking to limit the 
involvement of foreign research students 
on certain projects. The universities have 
also protested, in a letter to Defense 
Secretary Casper Weinberger and 
Secretary of State Alexander Haig at 
attempts to restrict the publication of 
unclassified research sponsored by the 
Pentagon. 

The university presidents express 
concern about guidelines issued recently by 
the department in which defence officials 
suggest that universities should limit the 
involvement of foreign students in research 
related to the development of very high 
speed integrated circuits (Nature 289, 
736;1981). They complain that at least one 
university has been told by the Department 
of Commerce not to allow certain foreign 
scholars to participate in its sponsored 
research activities — a reference to the 
Export Administration Regulations 
restricting the transfer of technical data 
and equipment to communist nations. 
More action along these lines is expected. 

The signatories to the letter are Donald 
Kennedy, president of Stanford 
University; Marvin L. Goldberger, 
president of the California Institute of 
Technology; Paul E. Gray, president of the 
Massachusetts Institute of Technology; 
Frank H. T. Rhodes, president of Cornell 
University; and David S. Saxon, president 
of the University of California. According 
to the text of the letter, not yet officially 
released by the universities, the full-scale 
classification of research, where 
appropriate, is ‘‘far preferable’ to the 
application of ‘‘restrictive and virtually 
unenforceable regulations” to universities. 
For those university activities which remain 
unclassified, they add, the government 
should give up all attempts to apply the 
restrictions until broader issues — which 
include a possible conflict with the first 
amendment to the constitution, 
guaranteeing freedom of speech — have 
been resolved. 

Two sets of export restrictions lie at the 
heart of the universities’ concern. The first 
is the International Traffic in Arms 
Regulations, introduced by Congress in the 
early 1970s to limit the export to any 
country of technology (including technical 
knowhow) of potential military value. The 
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second is the Export Administration 
Regulations of the Department of 
Commerce, aimed at limiting the export of 
technology of commercial value to certain 
countries, particularly those in Eastern 
Europe. 

Confusion has arisen in universities and 
scientific organizations — and in the 
federal agencies themselves — largely 
because of the difficulty in drawing a clear 
line between basic knowledge obtained by 
scientific research and results which, 
although still described as ‘‘basic’’, have 
been developed with a particular long-term 
military or commercial aplication in mind. 

Last year, for example, the regulations 
were invoked by the Department of 
Commerce to prevent scientists from 
Eastern Europe from attending an open 
meeting on computer bubble memories 
Organized by the American Vacuum 
Society, one of more than 40 scientific 
societies which have since applied for 
exemptions from the export controls for 
future scientific meetings on the grounds 
that, since these are open meetings, they 
should not be considered to involve the 
transmission of ‘‘secret’’ data. 

The concern expressed by the five 


university presidents, however, applies 
more specifically to the conditions that 
must be observed by scientists in US 
universities and research institutions, and 
their freedom to publish the results of their 
research or to communicate it to non- 
American scientists through seminars or 
even informal discussions. 

Officials at Cornell University, for 
example, said last week that in one recent 
instance the Department of Commerce had 
placed conditions on a foreign scientist’s 
visit, restricting his access to research at the 
university, which it had not been prepared 
to accept, and the visit had been cancelled. 
In another instance, a research contract 
proposed by the Department of Defense 
specified that, although the research was to 
be unclassified, the department’s 
permission was required before any results 
were published — a condition which many 
universities, such as Stanford, say they 
would find unacceptable. 

The five university presidents point out 
that although the regulations have existed 
for several years, only recently have they 
begun to be applied to ‘‘traditional 
university activities’. The new inter- 
pretation could result in restrictions which 





Gowans washes hands of Rothschild 


New York 

Recent changes in the organization of 
medical research in the United Kingdom 
mean that the customer—contractor basis 
proposed by Lord Rothschild between the 
Medical Research Council (MRC) and the 
Department of Health and Social Security 
(DHSS), ‘‘has now been abandoned’’, Dr 
James Gowans, director of MRC, told an 
audience at the Rockefeller University in 
New York last week. 





Gowans — Rothschild off his back 


Describing the British approach to 
medical research funding, Dr Gowans said 
that after the customer—contractor 
relationship was introduced in 1972, with 
substantial funds being transferred from 
MRC to DHSS, only a handful of new con- 
tracts had been awarded. ‘It became 
apparent that the customer—contractor 


principle was not applicable to medical 
research, certainly not on the scale 
envisaged by Rothschild. 

Following further discussions, the 
Rothschild arrangement had been 
abandoned and the money previously 
transferred to DHSS had been transferred 
back to MRC. ‘‘We are now back in the 
situation that we were in before 1972”, Dr 
Gowans said, adding that ‘‘to a scientist it 
is gratifying’’, since many members of the 
scientific community had argued strongly 
against Rothschild’s ideas when they first 
appeared. 

MRC and DHSS ‘“‘both now realize that 
fundamental solutions to problems such as 
cancer and coronary heart disease cannot 
be conjured up by the use of contracts. It is 
not possible to use bureaucratic devices to 
accelerate the rate of scientific progress’’, 
he added. As part of the new 
arrangements, MRC had also agreed to 
undertake more health services research, 
since the council had been told that much 
of the work carried out under that heading 
was very important but not very well done. 

Mistakes had arisen in government 
science policy through a failure to dis- 
tinguish between areas of research — such 
as cancer research — where the basic 
principles were not known and the science 
could not be substantially accelerated 
merely by providing additional funding, 
and areas where the scientific principles 
were known and additional support would 
provide more substantial results. 

David Dickson 
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would conflict with the fundamental 
precepts that define the role and operation 
of the American university system, they 
say. Strict interpretation, coupled with the 
severe criminal penalties that they contain, 
would be even more restrictive than direct 
classification of the research. 

In response to the letter, whose 
addressees also include Mr Malcolm 
Baldrige, the Secretary of Commerce, the 
three federal agencies involved have 
apparently told the universities that they 
are looking closely at the problems raised, 
but it is expected to be several weeks before 
a formal reply is agreed upon. 

The potential impact of the export 
control regulations on the academic 
community is already being discussed by an 
ad hoc committee set up last month by the 
National Academy of Science’s Committee 
on Science and Public Policy. 

The rules are also being closely studied 
by the National Science Foundation. Dr 
Donald Langenburg, the Deputy Director, 
says the foundation is ‘‘deeply concerned”’ 
about the potential impact of export 
controls on research, adding that it is 
‘‘erjtical’? to the freedom of scientific 
exchange that these are kept to a minimum 
consistent with foreign policy and national 
security objectives. 

The growing tension between the 
academic community and the federal 
agencies over the interpretation of export 
restrictions is precisely the type of problem 
for a presidential science adviser, still absent 
from the White House. David Dickson 


DNA research guidelines 
Dutch get tough 


Brussels 

The publication by an ad hoc committee 
of revised safety rules for recombinant 
DNA research has raised some grumbles in 
Dutch industrial circles. By and large the 
new guidelines, the conclusions of a year’s 
study of the risks of gene manipulation, 
follow closely those set by the National 
Institutes of Health in the United States. 
But while other European countries are 
moving towards a relaxation of the rules, 
the Dutch have tightened up the 
restrictions on research with pathogenic 
microorganisms. 

Companies such as Unilever and Gest- 
Brocades, which are carrying out research 
into the industrial applications of 
bioengineering are, however, more 
frustrated about the administrative checks 
on research. In the Netherlands, DNA 
research is first vetted by the ad hoc 
committee, although there is no legal 
obligation to register the research. Local 
authorities then have the last word over 
individual experiments and any new 
research laboratories. 

It is up to the committee, the local 
authority and university advisory groups to 
interpret the guidelines as they see fit. 
Industry complains that it is unnecessarily 
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restrictive to ask permission to carry out 
each individual experiment. Unilever has 
taken some of its projects to Belgium and 
Gest-Brocades has switched some of its 
resources to its UK laboratories. In the 
meantime both expect to wait at least a year 
for approval on new laboratories. The 
companies feel that local government 
authorities are much harder on industry 
than on universities. 

The Netherlands is now thought to have 
the toughest rules in the world. Public 
distrust of DNA research caused four 
members of the ad hoc committee to 
abstain from the final vote on the new 
guidelines on the grounds that there should 
be a study of the impact of genetic 
engineering on society as a whole. 

The European Community’s Economic 
and Social Committee is taking the same 
option. Last July the European 
Commission brought out its own 
recommendation on the registration of 
DNA research, which stressed that over the 
past three years it had become clear that 
DNA research is not as dangerous as was 
originally thought. However, before 
agreement is reached between the 
Economic and Social Committee and the 
European Parliament, a public workshop 
is to be held in May that will bring together 
representatives from a cross-section of 
society to discuss the economic, social and 
ethical implications of such research. 

The Commission’s recommendation, if 
it is adopted, would do little more than 
establish common definitions and provide 
the basis for a consensus on registration 
procedures. However, many researchers 
increasingly feel that arguments about risk 
assessments are academic. The bulk of 
research is carried out in the lowest risk 
class and very rarely in PHI containment 
conditions. Thus, the slightly stricter rules 
proposed by the Dutch are expected to have 
little impact. Jasper Becker 


Solar Polar mission 


Joint project saved? 


The European Space Agency (ESA) is 
“cautiously optimistic’ that something 
will be salvaged from the International 
Solar Polar Mission, although in a less 
ambitious form than originally envisaged. 
The two-spacecraft mission to study the 
polar regions of the Sun was threatened last 
month when the US National Aeronautics 
and Space Administration (NASA) 
announced that, to meet budget cuts, it 
would not be building its spacecraft. 

Although it is unlikely that NASA will 
restore the mission to its original status, 
angry protests and diplomatic pressure by 
European embassies in Washington seem 
to have prompted a compromisé. 
According to ESA, that might involve 
NASA building a cheaper spacecraft — 
costing $40 million rather than the $100 
million originally planned. 

Under such a scheme, NASA’s space- 
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Congress redisposes 
Washington 

A congressional subcommittee has 
now prepared the ground for restoring 
the United States half of the Solar Polar 
Mission. Last week, the space science 
subcommittee of the House of Represen- 
tatives Science and Technology Commit- 
tee voted to make cuts elsewhere in the 
National Aeronautics and Space Admin- 
istration’s (NASA’s) budget for the fiscal 
year 1982; these cuts made it possible for 
the subcommittee to restore money for 
projects such as the Solar Polar Mission 
(which was given an additional $15 
million) without exceeding the total for 
the NASA budget of $6,700 million 
proposed by Mr Reagan. Since the re- 
arranged budget package will not incur 
additional costs, House Democrats are 
hopeful that the pro-space science sub- 
committee of the Senate Commerce 
Committee, which votes later this month 
on NASA’s authorization, can also be 
persuaded to accept reinstatement of the 
solar spacecraft, perhaps on a smaller 
scale. David Dickson 


craft, which would lose a de-spun platform 
carrying a solar coronograph for direct 
imaging of the Sun, would be almost iden- 
tical with ESA’s. Two similar spacecraft 
would allow measurements of spatially and 
temporally resolved dynamic phenomena, 
which would not be possible with only one. 

ESA’s dismay at NASA’s decision to 
abandon its part of the mission was largely 
due to the fact that it had already spent 
most of the money for its spacecraft in 
European industry. NASA, on the other 
hand, had delayed building its craft after 
the planned launch date of the mission was 
put back last year. If NASA is willing to 
compromise, ESA will agree to a further 
launch delay to 1986, even though it would 
increase the costs. The precise details of the 
compromise will have to wait until Dr 
James Beggs, NASA’s new director, is 
installed. Judy Redfearn 


Biotechnology 
Canada takes stock 


Washington 

After six months of intensive study, a 
task force set up last summer to look at the 
development of biotechnology in Canada 
has recommended that the Canadian 
government should establish a ten-year 
National Biotechnology Development 
Plan, with a budget that would rise to 
about $50 million a year. Most of this 
money would go on research and training; 
exploitation would remain for the private 
sector, which the task force recommends 
should receive significant tax incentives. 

The task force was set up by Canada’s 
Minister of State for Science and 
Technology, Mr John Roberts, and was 
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headed by Dr Maurice Brossard, director 
of research at the Institut Armand Frappier 
in Laval, Quebec (Nature 285, 431; 1980). 
Although acknowledging that the extra 
- financialinvestments which it recommends 
would be a significant financial burden at a 
_ time of fiscal constraint, the task force says 
“that the proposed sum ‘‘is a very con- 
Servative estimate of required federal 
expeénditure’’, 

_ Three factors are listed which make this 
expenditure important — the wide range of 
potential applications of biotechnology, 
the importance of biotechnology to 
Canada’s future industrial development 
and ‘‘the almost complete lack of existing 
Canadian biotechnological capability’. 

On the last of these, the report is dis- 
armingly frank. The second section of the 
report, “‘Biotechnology in Canada: An 

“overview”, contains two short paragraphs 

which refer to a ‘“‘practically non-existent 
biotechnological industrial base’’, a 
rapidly shrinking federal government 
research capability and a highly 
fragmented and unfocused university 
research effort. 

To correct this situation, the task force 
Suggests that the graduate and 
postgraduate training programmes of the 
Natural Sciences and Engineering 
Research Council and the Medical 
Research Council should be increased by 
$3 million and $1.4 million respectively in 

. the next financial year. 

= Less predictable is the proposal that 
Canada’s immigration policies be revised 
“‘to address the immediate shortage of bio- 
_ technological skills which are in high 
- demand worldwide’’. 

The government is expected to endorse 
the proposal that commercial exploitation 
be achieved through tax incentives rather 
than direct government investment. The 
task force has, however, suggested direct 
government assistance of up to $6 million 
to encourage small and medium-sized bio- 
- technologicalindustries. David Dickson 


European uranium supply 


Australia signs up 


Brussels 
A large slice of Europe’s need for 
uranium over the next 30 years is to be met 
by a guaranteed supply from Australian 
ore. Australia and the European Atomic 
Energy Community (Euratom) last week 
initialled a draft of a joint nuclear 
safeguards agreement in Canberra which 
should enable Europe to buy uranium from 
Australia. Negotiations began in 1979 and 
_the Canberra meeting was the fifth round. 
< ‘The agreement has been pursued with great 
“determination by Euratom because 
~ Australia, with 20 per cent of the western 
world’s uranium reserves, is very impor- 
tant to Europe’s supply strategy. 
The basic deal, to run for 30 years, is for 
Australia to guarantee supply of uranium 
exports in exchange for European 
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Community exports of nuclear technology 
and promises that the radioactive material 
will not be re-exported or used for military 
purposes. 

Similar agreements are also being 
negotiated with Canada and the United 
States. The Canadian deal is a renewal of 
the 1959 agreement which expired last year 
and has run into difficulties on the issue of 
**sensitive’’ nuclear material (uranium 
enriched above 20 per cent). Negotiations 
to renew the agreement with the United 
States have been held up until the Reagan 
Administration is firmly in the saddle. 

Negotiations with Australia went 
smoothly until the Australian government 
decided to impose new conditions. These 
included a commitment by Euratom 
member states to ensure an efficient 
monitoring of reprocessing techniques and 
to finalize an international plutonium 
storage programme; a promise not to use or 
store plutonium extracted from Australian 
uranium in a way that might lead to 
proliferation; and that the member states 
should ask for prior permission on a case 
by case basis to use the material for 
research or civil purposes. 

In effect, then, the Australians are going 
further than the Nuclear Non-Prolifera- 
tion Treaty. The Community negotiating 
team have been trying to establish precise 
definitions of the circumstances in which 
prior permission must be obtained. Does, 
for instance, using nuclear power to drive 
submarines constitute a peaceful purpose? 

Full details of the new agreement, likely 
to be similar to the Australian deals with 
China and Japan, will not be divulged until 
the final text is agreed. Jasper Becker 


Fraud in research 


Congress asks why 


Washington 

Dr John C. Long, whose resignation 
from the Massachusetts General Hospital 
was forced last year after the discovery that 
he had fabricated research data, went 
before a congressional committee last week 
in sackcloth and ashes. The committee 
chairman, Representative Albert Gore, 
complimented him for shouldering full 
responsibility for his acknowledged 
“‘wrongdoing and dishonesty”. Dr Long 
said that he liked his new job (as a surgical 
pathologist at a Detroit Hospital) — and 
that he had no plans to return to research. 

Dr Long’s remarkable statement was 
one of the few misdemeanours that the 
government oversight committee of the 
House of Representatives Committee on 
Science and Technology had been able to 
assemble for its two-day inquiry into 
wrongdoing in science. On the second day 
of the inquiry, officials from the Food and 
Drug Administration accused the National 
Cancer Institute of withholding 
information about the potential side 
effects of an anti-cancer drug it was testing. 
But most of the hearing was taken up with 
several cases of apparent fraud and abuse 
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that have recently emerged in the scientific 
literature and the public press. 

The data which Dr Long admitted to 
fabricating were included in a paper 
published in the Journal of the National 
Cancer Institute (62, 787; 1979) in response 
to a critical comment by a referee. But Dr 
Long also admitted that he had concealed 
from his colleagues that cell lines pur- 
portedly derived from patients with 
Hodgkins’s disease had been contaminated 
with other cells later shown to have been 
owl monkey cells (Harris et al. Nature 289, 
228; 1981). 


Nature misrepresented 


Washington 

In his evidence to the subcommittee, 
Dr Philip Felig said that two journals, one 
of them Nature, had refused to publish a 
letter of retraction. Dr Felig said that 
Nature’s refusal to publish stemmed 
from a concern for the personal plight 
of Dr V. Soman, his collaborator 
responsible for an act of plagiarism who 
was afterwards found also to have 
falsified published data. 

After the hearing last week, however, 
Dr Felig agreed with the editor of Nature 
that his evidence to the subcommittee had 
been misleading; that Nature had agreed 
to publish the retraction when the audit, 
then under way, of Dr Soman’s 
laboratory work had been completed; 
and that at the time (June 1980), he had 
expressed himself as satisfied with this 
arrangement. 

The chairman of the subcommittee was 
informed of this conclusion both by the 
editor and by Dr Felig, and agreed to 
inlcude a note to this effect in the 
published record. Dr Felig’s intended 
retraction was in respect of the paper | 
“Regulation of the glucagon receptor | 
by physiological glucagonaemia’’ by 
V. Soman and P. Felig, Nature 272, 
829-832 (1978). 


The force of his confession, however, 
was blunted by the statement by Dr Ronald 
Lamont-Havers, his former departmental 
head at the same hospital, that investi- 
gations carried out since Dr Long’s depar- 
ture have shown that other data, previously 
published, may also have been fabricated. 

The subcommittee’s objective last week 
was threefold: to estimate the frequency of 
wrongdoing in biomedical research, to 
understand the causes of such behaviour, 
and to decide if anything should be done. 

Most witnesses agreed that falsification 
and plagiarism in the scientific literature is 
a rare but persistent phenomenon. Dr 
Donald Fredrickson, director of the 
National Institutes of Health (NIH), took 
some pleasure in telling the committee that 
Gregor Mendel’s research results did not 
stand up to modern statistical analysis. 

But even so, the Food and Drug Admin- 
istration reported that it has disqualified 42 
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investigators from work with new drugs 
since 1966, when procedures were devised 
to deal with violations of the regulations 
for the administration of new drugs to 
patients. There have been 20 dis- 
qualifications since 1977, when a more 
formal ‘‘Bioresearch Monitoring 
Program” was set up. At NIH, Dr Raub 
said that rules covering the grounds on 
which a research scientist can be barred 
from receiving further funding had 
recently been tightened, and that, although 
no individual had been disbarred in the 
history of the institutes, at present five 
instances were on record where a scientist 
would have questions raised about his or 
her past conduct if a further research grant 
application was received. 

The committee seemed to accept that 
known cases of falsification are the tip of 
only a small iceberg. The suggestion by Dr 
Philip Handler, president of the National 
Academy of Sciences, that in the 
circumstances the committee should turn 
its attention to more important problems 
was not, however, well calculated to win 
friends. The chairman of the committee 
put Dr Handler firmly in his place with a 
declaration that falsification entailed the 
waste of public money and damaged the 
public reputation of science; and that if the 

committee was not satisfied that the 
research community could police itself, it 
might have to recommend external 
regulation. 

The committee found its position 
strengthened by testimony from Dr 
Alexander Capron, executive director of 


Known misdemeanours 


Apart from the cases mentioned in the 
accompanying text, the following is a list 
of the misdemeanours cited at last week’s 
inquiry by the congressional oversight 
subcommittee. 

University of Kansas (1977). 
Allegations by two women graduate 
students that a grant awarded by the 
National Institutes of Health for anthro- 
pological research had been wrongly used 
for work with human subjects, including 
the collection of blood samples and 
genetic counselling. The university 
established (in 1978) that the work with 
human subjects had not been cleared with 
the Institutional Review Board. The 
investigations (and a civil slander suit by 
the investigator) continue. 

Boston University (1978). Allegations 
of the falsification of medical records of 
patients and certain research reports, part 
of a cooperative study of new cancer 
treatment financed by the Nationa! 
Institutes of Health (NIH), were 
substantiated by an internal 
investigation. The leader of the unit (Dr 
Marc Straus) resigned on 24 June 1978, 
followed by his more senior associates, 
and the Boston University records were 
expunged from the cumulative records of 


the President’s Commission for the Study 
of Ethical Problems in Medicine and Bio- 
medical and Behavioral Research, who 
recounted the difficulties that the 
commission was having in obtaining details 
from the Department of Health and 
Human Services on the procedures 
followed in cases of suspected mis- 
demeanour, especially in the treatment of 
human subjects. 

Witnesses differed last week on the 
motives for falsification. Most of the 
scientific witnesses held that the pressure of 
competition for research grants is not an 
important spur to falsification, but the 
committee seized on Dr Long’s admission 
that to have shared with his colleagues 
doubts about the authenticity of his cell 
cultures would have jeopardized his appli- 
cation for a $500,000 research grant as 
evidence to the contrary. 

Dr Philip Felig, professor of medicine at 
Yale University, was closely questioned 
about the relationship between senior 
scientists and their colleagues. A case of 
plagiarism in his own laboratory eventually 
cost him appointment as dean of the 
medical school at Columbia University (see 
Nature 285, 429; 1980). He acknowledged 
that there may be occasions when a 
collaborator sets out to ‘‘please’’ his senior 
colleagues, and that the dangers are 
especially great when the senior person has 
not himself developed the techniques his 
collaborators are using. Yale, Felig 
explained, has now introduced a formal 
procedure for the independent internal 
investigation of disputed research results. 


the Eastern Collaborative Oncology 
Group. The investigation continues, but 
Dr Straus, then at the New York Medical 
College, Valhalla, was awarded an NIH 
grant of $1.3 million over three years in 
January 1980. 

University of California, Los Angeles 
(1979). Allegations of experimental bone 
marrow transplants without proper 
approval from the institutional review 
board (known as the Human Subjects 
Protection Committee). The investi- 
gations continue. 

New York (1978). Inspection by Food 
and Drug Administration (FDA) revealed 
“persistent violation’ of rules for the 
administration of novel drugs to human 
patients by the independent psychiatrist 
Dr Nathan Kline. Formally debarred by 
FDA on 13 November 1980. 

FDA {various) (1966-81). Total of 42 
disqualifications from access to ‘‘investi- 
gational’’ drugs, with 18 further cases 
under investigation. So far, four such 
investigators have been prosecuted (and 
one gaoled). Roughly 6 per cent of 
routine investigations ‘‘have led to a 
more in-depth review’’. Most violations 
involve lack of patient consent, inade- 
quate accounting for drugs, violation of 
protocols and inaccurate (or missing) 
records. 


UK hydraulics research 
Deep water ahead 


The British government's policy of 
‘‘privatization’’ — the sale of public assets 
_- which has already led to the sale of all 
but a minority stake in the British 
Aerospace Corporation, now threatens 
several research laboratories run by the 
Department of the Environment. The 
Hydraulics Research Station at Walling- 
ford is the most immediately in danger. 

The proposal to make the Hydraulics 
Research Station self-supporting follows a 
three-month market survey commissioned 
by the department and completed last 
October, in which it was suggested that a 
potential £1.15 million is available from the 
private sector. Of this, £0.2 million comes 
from UK markets, £0.28 million from 
contracts usually covered by European 
companies, £0.5 million from offshore 
projects and the remainder from increasing 
prices by an arbitrary 10 per cent. The 
present income is made up of 85 per cent 
from government and 15 per cent from 
private contracts. 

The market survey suggests that 
although the UK market is fairly static, the 
potential for contracts in offshore projects 
and in the developing countries is 
considerable. However, a recent survey by 
the National Maritime Institute foresees a 
decline in offshore contracts over the next 
five years. There is also formidable 
European competition for contracts in 
developing countries. 

The experience of private companies is 
not encouraging for those at Wallingford. 
Both the Wimpey Laboratories and the 
British Hovercraft Corporation have 
suffered severe financial difficulties. The 
Water Research Centre, which underwent 
some sort of privatization following the 
amalgamation of the Water Pollution 
Research Laboratory, parts of the Water 
Resources Board and the Water Research 
Association, is experiencing similar 
problems. When it was formed in 1974, the 
centre was seen by central government as a 
way of keeping small municipal water 
undertakings up to the mark. The civil 
servants involved at first rejected the plan 
but finally agreed on a package deal. The 
future of the joint enterprise seemed secure 
— the centre was financed by its members, 
with all local and municipal water 
authorities contributing. In the past year, 
however, there have been almost 100 
redundancies - 

Employees at Wallingford now fear that 
the reputation of the laboratory will be 
damaged. They also fear that the with- 
drawal of public funding will inevitably 
lead to a reduction of background 
research. However, they see advantages in 
some sort of halfway ‘‘privatization”’ 
which would free them from government 
constraints, particularly on staffing 
levels, and enable them to take on more 
contract work. The Government is now 
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not, however, prepared to consider such a 
proposal although a meeting has now been 
arranged for 14 April between the Central 
trade union and the Department of the 
Environment. A shadow board is to be set 
up on behalf of the prospective private 
company to explore the viability of the 
enterprise and to prepare employees for 
privatization — the target being | 
September 1981. Sara Nash 


Europe’s directive on drugs 


Lords back industry 


Proposals from the European 
Commission to make it easier for entre- 
preneurs to buy drugs in one country of the 
European Community and sell them at a 
profit in another have met with strong 
opposition. The UK pharmaceutical 
industry and the House of Lords Select 
Committee on the European Communities 





Tangled policy on drugs 
Brussels 

The European Court of Justice ruled in 
1976 that Hoffman—La Roche were 
impeding free trade in refusing to give 
product information to parallel 
importers. The Italian company 
Centrafarm had been buying Valium in 
the United Kingdom and repackaging it 
for resale under the trivial (not registered) 
name ‘‘diazepam’’. 

The latest proposals from the 
European Commission are another 
attempt to limit the monopoly power of 
large drug companies. Opposition to the 
Commission comes from most members 
States, and the European Proprietary 
Association, representing pharma- 
ceutical companies producing drugs for 
general sale rather than medical prescrip- 
tion, spoke against the proposals at the 
Lords committee. 

Germany, Italy and the Netherlands 
are considered high-price countries — on 
several occasions the European 
Commission has caught out Italy for 
supporting unrealistically high prices and 
court actions have brought down prices in 
‘| Italy by about 20 per cent. 

One effort by the Commission to 
simplify procedures was the Committee 
for Proprietary Medicinal Products set 
up five years ago. The committee can be 
called upon if a producer wants to put a 
product on the market in at least six 
member states, or if there are disparities 
in the judgements of national licensing 
authorities. But since it was set up the 
committee has examined only eight cases. 

The adverse comments from the House 
of Lords seem certain to put another nail 
in the coffin of the Commission’s 
proposal which has already been 
languishing for a year in Coreper, the 
committee of the member states’ 
permanent representatives to the 
European Community. Jasper Becker 
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are at one in condemning the idea as unfair 
to the companies and unlikely to improve 
the health services in member states. 

The opportunity for this ‘‘parallel 
importing” arises because at the moment 
price controls for drugs are widely different 
in the various member states. The 
European Court of Justice ruled that 
attempts by big pharmaceutical companies 
to stop parallel importing were restrictive 
and in breach of the Treaty of Rome. 

Drug manufacturers and importers must 
obtain marketing authorization from 
national health services. To make things 
easier for the parallel importer in the name 
of free trade, the commission’s directive 
requires the original manufacturer to make 
available to the importer any necessary 
documents relating to the specification of 
the batch of drug being re-sold. This type 
of freedom of information is anathema to 
drug companies which may have spent 
thousands of pounds in obtaining the 
information in the first place. 

In putting the case for the industry, the 
Association of the British Pharmaceutical 
Industry (ABPI) argued that moves to 
bring down the general level of drug prices 
would not be in the long-term interest of 
the consumer. And the practice of parallel 
importing raises problems because 
importers may change the name and 
packaging of the drug, with risks that the 
consumer might not get the correct 
information about the product. 

In the United Kingdom the pricing 
structure for drugs has kept prices 
relatively low. In the past few years 
companies have been allowed to increase 
prices in line with inflation but for some 
time ‘‘product licences’’ were given on con- 
dition that price increases were kept at 
about half that rate. As always the industry 
is keen to stress how expensive it is to 
develop new drugs and that this should be 
considered in pricing. So the prospect that 
the low-price UK market might be opened 
up to bulk buyers wanting to sell in 
countries where UK manufacturers are 
allowed to sell at higher prices is seen as a 
cause for alarm by both ABPI and the 
Lords Committee. 

The United Kingdom is the most success- 
ful exporter in the Community, and last 
year the British pharmaceutical industry 
achieved a record £522.9 million surplus of 
exports over drug imports despite the 
problems caused by a strong pound. The 
Lords report sees little reason to jeopardize 
the well-being of a healthy industry only to 
give more profits to the middle-men. 

The general question of bringing prices 
into line across the European Community 
will need more thought than a simple 
attempt to promote free trade. Both 
continental and UK manufacturers would 
favour a uniform system that is subtle 
enough to take account of both national 
and international pressures on the 
companies, and the particular needs and 
preferences of health services in the 
member states. Charles Wenz 
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Opening up Siberia 
Research in steppes 


More than 400 scientific research 
institutes are to be involved in the Soviet 
Union’s new ‘‘Siberia’’ programme which 
is part of a plan to give this relatively 
backward area an economic growth rate 30 
per cent higher than that of the rest of the 
country. 

Projects will concentrate on the energy 
sector, according to Academician Valentin 
Kaptyug, chairman of the Siberian section 
of the Soviet Academy, with ‘‘work of 
world class’’ on methods of obtaining 
synthetic liquid fuel from coal and natural 
gas. The Baikal-Amur Mainline railway 
has opened up a new zone for potential 
development and much of the investment 
will be in that area. Later more industria- 
lization will take place around the Arctic 
coast, and in zones around new water 
resources created by the diversion south- 
ward of water from the Siberian rivers. 

A food development programme 
includes proposals from 27 biological and 
research institutes for the development of 
new varieties of crops and livestock 
adapted to Siberian conditions, 





Siberia, here we come 


**hormonal’’ methods for increasing crop 
yields, and pest control methods aimed at 
leaving minimum toxic residues. 

Siberia already produces 50 per cent of 
the oil and 33 per cent of the natural gas 
extracted in the Soviet Union. The 
extraction of fossil fuels in Siberia is 
expected to go on increasing up to the end 
of the century, so not surprisingly the new 
‘*Siberia’’ programme also contains work 
on new prospecting and surveying 
methods, industrial catalysts and forestry 
management. 

Any practical benefits obtained through 
the new research programme will be con- 
centrated around ‘‘technical production 
complexes’’ linking several scores of 
industrial enterprises. One such complex 
has already been established, based on the 
giant power stations on the Angara and 
Yenisei rivers. Vera Rich 
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Cancer hazards 
Sirk — Epstein and Swartz (Nature 289, 127; 
1981) cited our critique of the report by 
Bridbord et al. on Estimates of the Fraction of 
Cancer in the United States Related to 
Occupational Factors. Their citation was 
correct as given, but misleading without our 
antecedent qualifications. In general, we agree 
with many others who have reviewed the 
document that the estimates of occupationally 
related cancer presented there are probably 
substantially higher than the data support. In 
any event, the important question is what 
reduction in cancer frequency might be 
achieved by control of occupational 
exposures. Further epidemiological inquiry 
should improve those estimates. 
REUEL A. STALLONES 
Tom D. Downs 
University of Texas Health 
Science Center, 
Houston, Texas, USA 


Draize test must go 


Sir — The news that Revlon is to finance 
research into developing an im vitro alternative 
to the Draize test for eye irritancy should be 
welcomed by everyone, not just by 
anti-vivisectionists (Nature 19 March, p.181). 
The Draize test is notoriously unreliabie, yet it 
has survived basically unchanged for over 36 
years. A replacement is long overdue. 

As far back as 1971 a survey of intra- and 
inter-laboratory variation in the interpretation 
of results indicated that the Draize test was 
inadequate for assessing eye irritancy even on 
a simple pass/fail situation. As a result of the 
study it was recommended that, failing moves 
to improve reliability, the test had little 
relevance and should be excluded in 
regulations as a toxicity test. Despite this, the 
Draize test is still the only recognized test for 
eye irritancy. 

On scientific grounds alone, the Draize test 
should have been replaced years ago. 

LESLEY SARGEANT 
Fund for the Replacement of 
Animais in Medical Experiments, 
London SW20, UK 


IQ put to test 


Str — In his recent Nature article! N. J. 
Mackintosh refers to our research 
demonstrating a relationship between IQ and 
“inspection time’’, the latter being a measure 
assumed to reflect the speed at which a person 
processes information. 

Although we have found inspection time to 
be correlated with IQ, this relationship 
beccmes statistically significant only for 
samples with widely varying IQ scores. The 
correlation coefficient of -0.92 between 
inspection time and IQ was obtained from a 
group of 10 individuals whose IQ scores 
ranged from 47 to 119. We emphasized that 
this correlation should be interpreted cautiously 
because of the manner in which the sample 
was chosen. Furthermore, this relationship 
was found only with respect to Performance 
IQ scores, as measured by the Wechsler Adult 
Intelligence Scale; correlations between Verbal 
IQ and inspection time estimates were much 
smaller and not statistically significant?. Our 
study involving 48 subjects, and which found a 
correlation of -0.80 between Performance IQ 


and inspection time, also included retarded 
persons, Here again the strong correlation was 
the consequence of a very wide range in IQ 
scores. The study involved three groups, each 
of 16 adolescents; a retarded group where IQ 
scores ranged from 57 to 81, a group of 
nonretarded individuals with 1Q ranging from 
90 to 115, and a third group with scores 
between 116 and 130. We found no difference 
in the values of inspection time for the two 
nonretarded groups (mean = 93 ms, standard 
deviation = 40 ms and mean = 90 ms, 
standard deviation = 42 ms). Further analysis 
of these data (not previously published) 
confirms only a low correlation between 
inspection times and IQ for the 32 nonretarded 
subjects (r = -0.23). 

At this stage of our research, it is not clear 
what inspection time is measuring. It is one of 
a number of measures? developed within a 
model which attempts to account for capacity 
limitations, response bias and the caution with 
which a response is made3. The inspection 
time index suggests that it may prove useful 
for investigating what limits there are to the 
speed of human information processing. 
Insofar as it turns out to be an adequate 
measure of a sub-process involved in human 
decision making, it may conceivably be a 
factor in what might be termed intelligent 
behaviour, assuming as is widely held that this 
involves a speed component. To suggest more 
at this stage, however, seems unwarranted. 

T. NETTELBECK 
; M. LALLY 
Department of Psychology, 
University of Adelaide (T.N.) and 
Research School of Physical Sciences, (M.L.) 
The Australian National University, 
Canberra, Australia 
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Why conserve? 


Sir — Without seeking to emulate the 
composer Johann Joseph Fux, who ‘‘could 
not resist being drawn into endless polemics’’! 
we feel that some of the points raised by Dr 
Muir 2 require critical examination. 

The argument that a species or habitat need 
not be preserved after it has been 
‘‘competently”’ investigated raises several 
questions. First, what criteria can be used to 
decide whether a particular investigation has, 
in fact, been competently executed? After the 
completion of a study by one group of 
investigators, will it be possible for other 
workers to confirm or refute their findings, or 
will the relevant biological phenomenon 
already have ceased to exist? Second, is it 
realistic to suppose that everything can be 
learned about a given phenomenon using 
presently available experimental techniques? 
Will future techniques have nothing new to 
contribute? Third, are biologists concerned 
only with documenting facts which 
immediately become historical, rather than 
remaining current? 

Perhaps the most surprising feature of Dr 
Muir’s arguments is that they are utilitarian. 
Their implication is that a species or habitat 
should not be permitted to exist for its own 
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sake, but only if it provides an opportunity for 

human exploitation. It must be unusual for a 

professional biologist to express this opinion. 
M.F. HEYWORTH 
J.S. WAINSCOAT 

Nuffield Department of Clinical Medicine, 

University of Oxford, Oxford, UK 

1. Wellesz, E, Oxford Studies of Composers (1): Fux ` 


{Oxford University Press, 1963). 
2, Muir, C. Nature 290, 82, 173 (1981). 


Lamarck’s revival 


Sir — The following type of argument has 
always struck me as unfair to Lamarck and 
beneath the dignity of a respectable scientist. 
On the one hand, the emphasis of 
microevolution and minuteness of changes 
from one generation to the next, combined 
with extreme refinement and a plethora of 
sophisticated tricks (mutation, selection, drift, 
spatial isolation, genetic isolation, etc.) 
employed in defence of Darwinism and, on the 
other, the arrogant vulgarity in discrediting 
Lamarckism, for example, ‘‘why does not a 
woman whose arm is amputated produce one- 
armed children?’’ (ref.1), ‘‘can an animal 
practice being purple?” (ref.2). 

The essence of the scientific argument is the 
validity or otherwise of the Weissman 
doctrine. It seems logical that resistance to 
transformation of somatic changes into 
genetic ones must be high to prevent an 
organism from the danger of over-reacting to 
environmental fluctuations and to make it 
maintain a certain stability. But, in view of the 
importance of feedback in nature, it seems | 
unlikely that the Weissman barrier is 
completely leakproof under sustained 
nonrandom directional stress. Even from the 
Darwinist viewpoint such complete rigidity and 
unresponsiveness does not make much sense. 

Whether Steel and Gorczynski} are right or 
wrong is not so much important in this 
context. What is extremely important 
however, is that they are forcing the discussion 
onto a scientific level which it deserves. 

V. KLEMES 
National Hydrology Research Institute, 
Ottawa, Ontario, Canada 


1. Nature 289, 63)-632 (1981). 

2. Savage, R.J.G. Evolution 3rd edn, 24 (1977). 

3. Gorezynski, R.M. & Steele, E.J. Nature 289, 678-G8i 
(1981). 


Evolution on trial 


Sir — Following the evolution trial in 
Sacramento, California, thanks are due to 
scientists who responded to requests from Mr 
Tyler and myself, acting as his consultant, to 
be available as witnesses. These were Drs C.R. 
Berger, B. Dalrymple, R. Dickerson, 

R. Doolittle, A. Kornberg, J. Kumamoto, 

W. Laetsch, R. Lemmon, W. Mayer, 

E. Olson, C. Sagan and D. Wake, 
evolutionists all, who generously agreed to 
undergo, if needed, the inevitable frustrations 
and delays of courtroom trials. 

The next ‘‘round’’ will presumably be in 
Arkansas, where legislature passed a bill, on 
17 March, prescribing the teaching of 
creationism. 

THOMAS H. JUKES 
Space Sciences Laboratory, 
University of California, 
Berkeley, California, USA 
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A tropical Volute shell and 
the Icarus syndrome 


from Jonathan C. Howard 


DARWIN tells a little parable in his auto- 
biography? which he learned as a very 
young man, before the Beagle voyage, 
from Adam Sedgwick, the Professor of 
Geology in Cambridge. 

“Whilst examining an old gravel-pit 
near Shrewsbury, a labourer told me that 
he had found in it a large worn tropical 
Volute shell, such as may be seen on the 
chimney pieces of cottages; and as he 
would not sell the shell, I was convinced he 
had really found it in the pit. I told 
Sedgwick of the fact, and he at once said 
(no doubt truly) that it must have been 
thrown away by some one into the pit; but 
then added, if really embedded there it 
would be the greatest misfortune to 
geology as it would overthrow all that we 
know about the superficial deposits of the 
Midland Counties. These gravel-beds 
belong in fact to the glacial period, and in 
after years I found in them broken Arctic 
shells. But then I was utterly astonished at 
Sedgwick not being delighted at so 
wonderful a fact as a tropical shell being 
found near the surface in the middle of 
England.” 

The point of the parable is that science 
does not merely consist of making 
observations but also of ordering them in 
relation to each other. The tropical shell 
did not fit into an ordered scheme, and so 
either the shell or the scheme was wrong. 
Sedgwick backed the scheme against the 
shell and won. There would be nothing 
unscientific about backing the shell, but 
the quality of support would have to be 
strong in proportion to the length of the 
odds against it. No stone could be left 
unturned to verify every aspect of the find, 
and eventually a hypothesis would have to 
be formulated of sufficient generality to 
accommodate the coexistence of Arctic 
and tropical shells in the same deposits. 
Even then the pre-existing scheme would 
probably not be ‘wrong’ but merely 
incomplete. Sedgwick rather overstated 
the case. New, confirmed and revolution- 
ary discoveries in science very rarely utterly 
degrade an existing scheme and rebuild its 
elements in an entirely new pattern. In 
biology only the theory of evolution by 
natural selection came close to doing this, 
and most of the material incorporated into 
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the new theory was altered only in context 


| rather than form. 


The scientific temperament varies, no 
doubt, along many dimensions. But 
certainly one of the most interesting is the 
dimension of credulity. How eccentric does 
a finding or proposition have to be before it 
runs off the end of your credulity scale? 
Are you for the shell or for Sedgwick? 
Incredulity was my first reaction when | 
heard by the usual roundabout route that 
Dr Gorezynski of the Ontario Cancer 
Institute was reporting the transmission of 
acquired immunological tolerance through 
the male. I assumed that the grapevine, 
with its usual capacity for decreasing the 
signal-to-noise ratio, had got the sex 
wrong. Maternal transmission would have 
fitted comfortably into a well ordered 
scheme since mother and fetus are known 
to engage in a rather wide-ranging 
immunological discourse both before and 
after parturition; but the grapevine had got 
the sex right, and here was our tropical 
Volute shell in the glacial gravel pit. What 
the grapevine did not say was anything 
about the genesis of the experiment, and 
this was a grave omission. Gorczynski’s 
collaboration with Dr E. Steele was 
conducted with the specific intention of 
searching for paternal transmission of 
tolerance, under the influence of Steele’s 
already formulated hypothesis* that RNA 
viruses might act as vectors for the horizon- 
tal transmission of the DNA-coded infor- 
mation from somatic cells to cells of the 
germ line. According to this hypothesis, 
transmission through the male is more 
probable than through the female because 
male germ cells are formed continuously 
throughout life. 

The phenomenon became public 
knowledge when the experiments were first 
published last year?. The level at which | 
have heard these experiments and their 
sequel* discussed has varied from gleeful 
iconoclasm, through critical scepticism 
tinged with curiosity, to frank disbelief. 
More upsetting is the charge that the data 
are suspect because the experiments were 


Jonathan C. Howard is at the ARC Institute of 
Animal Physiology, Cambridge, UK. 


designed and conducted under the 
influence of a hypothesis of high import. 
Under these conditions, so the argument 
runs, the eye is guided more by hope than 
by the ineluctable evidence of the 
y-counter. I asumed that this naive folly 
had been killed by Sir Peter Medawar’s 
graceful and persistent advocacy of the 
importance of hypothesis as a guide to 
useful scientific action, but under the 
provocation of Gorczinski and Steele’s 
results it seems to have risen from the 
grave. Since Darwin is often pushed into 
the ring to confront Steele, I might add that 
Darwin unequivocally endorsed Steele’s 
logistical procedures when he wrote’: 
“How odd it is that anyone should not see 
that all observation must be for or against 
some view if it is to be of any service’’. 

As for the gleeful iconoclasm, it reminds 
me of the scornful laughter which greeted 
my Latin master when he muffed an easy 
declension. He remained an incomparably 
better classicist than we were. How much 
of neo-Darwinism are the iconoclasts 
prepared to throw out on the strength of 
Gorezynski and Steele’s findings? 
Weissmann’s doctrine of the isolation of the 
germ plasm from somatic influence was a 
brilliant hypothesis. If it had been badly 
wrong, genes would not behave in the 
elegant and predictable way that they do. 
In the context of Steele’s hypothesis, if 
viral vectors are engaged in the trans- 
mission of DNA between cells, and, as 
implied by Gorcezynski and Steele’s recent 
paper in Nature*, are no respecters of the 
linkage group, we should have no loci and 
no alleles. The chromosomes of the germ 
cells would be a randomized dump of DNA 
sequences gathered from cells all over the 
body (see Darwin’s Provisional Hypothesis 
of Pangenesis for a ninteenth century 
expression of this idea)®. Every time alleles 
behave like alleles and linkage groups 
behave like linkage groups it is another 
conformation of the generality of 
mendelian genetics and of the integrity of 
the germ line, and a further exception to the 
generality of Steele’s hypothesis. However, 
since neither Weissmann’s doctrine nor 
mendelian genetics predict Gorczynski and 
Steele’s findings, the obligation falls 
on everyone concerned to find out what 
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kind of exception to the order of things 
these phenomena are. 

It is the mixture of critical scepticism and 
curiosity alone that is going to resolve this 
matter. It is a tribute to the vigour of these 
faculties in the immunological community 
that this issue of Nature carries two manu- 
scripts which go directly to the heart of the 
scientific problems on hand. First and fore- 
‘most, are Gorezynski and Steele’s results 
readily reproducible? Brent and colleagues 
(see p.508) have conducted one of the most 
serious attempts I have ever seen in 
immunology to reproduce an experimental 
protocol in detail. Furthermore, the 
analysis of the phenomenon is extended in 
two ways: tolerance was assessed by skin 
graft rejection as well as the capacity to 
generate cytotoxic cells in vitro, and 
repeated tests of in vitro reactivity were 
performed on individual animals. There is 
no escaping the conclusion that, under the 
conditions of these experiments, the 
Gorczynski and Steele result has not been 
confirmed. The explanation for the incon- 
sistency between the two results is now 
confined to the residual procedural 
differences between the two series of 
experiments. Brent and colleagues draw 
attention to several such differences, only 
one of which is, in my opinion, important. 
This difference is in the cell populations 
used to induce tolerance in the 
experimental fathers. Gorczynski and 
Steele’s tolerance-inducing protocol was 
eccentric in the extreme: enormous doses 
of cells were injected repeatedly into the 
fathers from birth until the end of the 
breeding period. Heroically, Brent and his 
co-workers repearted this anomalous 
procedure, but they made one mistake. The 
very first injection of cells, given on the day 
of birth, consisted of a total of 10° 
composed of equal quantities of bone 
marrow and spleen cells in Gorczynski and 
Steele’s experiments, and 5x10’ 
composed of one part of marrow to ten 
parts of spleen in Brent and colleagues’ 
experiments. Brent’s group is inclined to 
minimize the significance of this 
difference, but this seems a foolhardy 
attitude. Since there was, until Gorczynski 
and Steele’s results were published, no 
reasonable expectation that any protocol 
would work, Brent and colleagues cannot 
dismiss any substantial feature of the 
successful protocol as insignificant. 
Curiosity and sceptism are, I am glad to 
read, carrying these authors still further to 
the point of reproducing even this aspect of 
the original protocol in their future 
experiments. 

The importance of this difference in 
protocol is impossible to assess at present, 
but there is one crucial point which 
deserves more emphasis than Brent’s group 
give to it. Amazingly, despite the ruthless 
régime of tolerance induction, the experi- 
mental fathers were apparently not fully 
tolerant by the measure of their ability to 
produce in vitro cytotoxic activity against 





the tolerizing parent. In Gorezynski and 


were shown to be as tolerant as normal F, 
hybrids. Gorczynski and Steele’s in vitro 
induction system was less efficient than 
that of Brent and colleagues, and weak 
residual activity may not have been visible, 
but the difference between apparently fully 
tolerant and apparently not fully tolerant 
fathers cannot be considered trivial in an 
experiment on the transmission of 
tolerance. Perhaps the difference is real 
and important, and perhaps it too hinges 
on the difference in the cellular 
composition of the first inoculum used to 
induce tolerance. 

When Gorczynski and Steele’s first 
results were published, discussion among 
colleagues threw up two further kinds of 
experiment which we felt would explore the 
generality of the original claim. As self- 
tolerance is presumably an acquired 
characteristic, the A homozygous progeny 
of an (AXB)F, father mated to an A 
mother might show inherited hyporespon- 
siveness to B alloantigens. Second, since 
the method of inducing tolerance used by 
Gorczynski and Steele was so unusual and 
must have resulted in a high level of 
chimaerism in the tolerant fathers, we 
wondered idly what would be the immuno- 
logical behaviour of the progeny of male 
A+B embryo fusion chimaeras with 
extensive chimaerism in all tisues, ideally 
including the gonads as well. So rapid and 
relentless is the march of science that both 
our lunchtime speculations have already 
appeared as substantial experimental 
results. Hasek and colleagues’ have done 
the backcross experiment and McLaren 
and colleagues (including some of Brent’s 
group) the embryo fusion chimaera 
experiment (see p.513 in this issue Nature). 
In neither case was any detectable level of 
specific hyporesponsiveness found in the 
progeny of the appropriate matings. 
Again, therefore, Steele’s hypothetical 
mechanism finds itself narrowly con- 
strained by results. If acquired immuno- 
logical tolerance can be inherited through 
the male, then the conditions under which 
this occurs are special and not yet 
adequately defined. Weissmann and Mendel 
still provide the general case. We need an 
explanation for Gorczynski and Steele’s 
tropical Volute shell, but the superficial 
deposits of the Midland counties are still of 
glacial origin. 

There is much good in this fascinating 
transaction. A novel and imaginative 
hypothesis has provoked a series of experi- 
ments which would probably never other- 
wise have been done, certainly not with so 
much care. The results are conflicting, but 
there is a prima facie case from Gorczynski 
and Steele’s two successful studies for 
continuing to treat the matter as being of 
the greatest importance. Even if it turns 
out, surprisingly, that both sets of positive 
results have some completely trivial 
explanation, our perspective will still have 
been enduringly enriched by the reminder 
that sex may not be the only way of trans- 
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ferring DNA between cells. 


‘There is also something bad about what 
has happened over the past few months, 
which concerns the fragile and ill articu- 
lated matters of tact and style in the presen- 
tation of scientific material. Steele’s book, 
Somatic Selection and Adaptive 
Evolution, was unlikely to have turned 
many heads without some truly original 
experimental support. It conflates an unac- 
ceptably wide variety of experimental 
findings into a single scheme, and fails in its 
obligation to apply an intensive critical 
appraisal in conventional terms to each set 
of findings in turn. The issue with which it 
deals, the mechanism of adaptive 
evolution, is not an entirely open question. 
Recent evidence for great complexity in the 
organization of genetic material shows that 
the beguiling simplicities of the double 
helix and the genetic code are probably not 
sufficient to explain all the properties of 
evolving systems; but this does not mean 
that all that has gone before can be 
discarded. Natural selection remains in the 
pre-eminent position that Darwin and 
Wallace created for it — as a mechanism 
for adaptive evolution. One of the most 
important subsidiary conclusions of 
genetical research in the last half-century is 
the recognition that developmental plas- 
ticity or individual adaptability to environ- 
mental heterogeneity is an evolved 
character under genetic control. C.H. 
Waddington? pointed out as long ago as 
1942 that genetic modifications to 
adaptable systems can stimulate the 
inheritance of acquired characters. In 
relegating discussion of this fundamentally 
important concept to a dismissive 
footnote, Steele does both himself and 
modern genetics a disservice. It is the 
current fashion to level popular attacks at 
the theory of evolution. Twice in the past 
year Darwin could be found staring 
gloomily from one corner of the Sunday 
Times Magazine, whilst first Lamark and 
then Professor Stephen Gould of Harvard 
University confronted him from the 
opposite corner. Whether Professor Gould 
would wish to represent the opposition to 
classical Darwinism seems doubtful, but 
the earlier confrontation with Lamark was 
designed to represent the challenge raised 
by Steele’s work. If Steele is feeling the heat 
of an intensive critical scrutiny, both of his 
ideas and of his experiments, it is because, 
like Icarus, he has flown close to the Sun. © 
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Small is beautiful — portrait of a 


mitochondrial genome 


from Piet Borst and Leslie A. Grivell 


PUBLICATION of the complete sequence of 
the 16,569-base pair human mitochondrial 
DNA (mtDNA) on p.457 of this issue of 
Nature is a landmark in biology. It comes 
only 15 years after mtDNA from verte- 
brates was found to consist of rather small 
DNA circles'?, and only 6 years after 
Sanger and his co-workers developed the 
sequencing methodology to tackle such 
large molecules. Together with the virtuoso 
analysis of mitochondrial transcripts by 
Attardi’s group, reported on pages 465 and 
470 of this issue of Nature, the sequence 
provides not only a wealth of information 
on mitochondrial biogenesis, but also 
insights into the genetic code and decoding, 
and into what it takes to make a ribosome, 
to read messenger RNA (mRNA) and on 
the minimal requirements for transfer 
RNA (tRNA) function. 

The organization of information in 
human mtDNA shows an economy never 
before encountered in nature. Not only 
does the sequence pack the genes for 2 
ribosomal RNAs (rRNAs), 22 tRNAs and 
13 assorted proteins so tightly that there are 
few or no non-coding bases between them, 
but some of them have been stripped of 
features that have come to be regarded as 
de rigueur for a respectable gene. In par- 
ticular, the mRNAs lack non-translated 


Fig. 1 Organization of yeast and human 
mitochondrial genomes. The figure summarizes our 
present knowledge about the organization of genes on 
human mtDNA and the yeast Saccharomyces 
cerevisiae strain KL14—4A ( ~ 78,000 base pairs). For 
clarity and to accommodate both genomes within the 
same format, the human genome has been drawn 
approximately 2 times ‘larger-than-life’ relative to 
yeast. On both DNAs, sequences encoding known 
gene products are shown as black bars, URFs are 
indicated by stippled areas and open circles represent 
a tRNA gene. Transcription is in a clockwise 
direction, unless otherwise indicated. The cross- 
hatched region in the yeast genome shows the location 
of the varl genetic determinant, which is involved in 
the specification of a mito-ribosomal-associated 
protein. The exact localizations of the DNA 
sequences encoding this protein are as yet unknown. 
For yeast, the figure is based on DNA sequence data 
from several laboratories!®-23, supplemented with 
unpublished data from our own laboratory (L.A.M. 
Hensgens, personal communication). Sequenced 
areas are denoted by a continuous line, unsequenced 
areas by a broken line. The inventory of genesis thusa 
provisional one. In the split genes for apocytochrome 
b and COL introns not containing an URF are shown 
as open bars; exon nomenclature is from refs 19 and 
23. The URF in the intron between B2 and B3 in the 
cytochrome b gene has been identified as the 
| C-terminal half of an RNA processing enzyme or 
“Fo Maturase (see refs 19 and 24). COL, H, HI are subunits 
of cytochrome c oxidase, cyt.b is apocytochrome b, 
ATPase 6 and 9 are subunits 6 and 9 of the ATPase 
complex, URFs are unassigned reading frames. The 
arrows indicate genes transcribed from the strand 
opposite the one that encodes most genes. 
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leader and trailing regions. Furthermore, 
over half of them do not even have a 
complete stop codon; this only materializes 
on polyadenylation of the 3° terminus, 
whereby the terminal U or UA of the gene is 
converted to the stop codon UAA. Even 
the transcription-translation machinery 
used for the expression of human mito- 
chondrial genes has not escaped the drive 
for economy; features familiar in the 
genomes of all organisms from viruses to 
man have been thrown overboard. Thus, 
transcriptional regulation is a primitive 
affair, with only one promoter for RNA 
synthesis on each strand. Consequently, 
the genome is completely and symmetri- 
cally transcribed. Differential gene expres- 
sion is apparently achieved by a com- 
bination of transcription—attenuation, 
control of the cleavages required to 
generate transcripts of individual genes 
and stability of the final transcripts. The 
rRNAs have been reduced to a size (1,559 
and 954 nucleotides) not found outside 
mitochondria; a SS RNA is absent and only 
22 tRNAs, of highly unorthodox structure, 
are used to read all codons. This 
remarkable feat is accomplished by having 
some tRNAs read four codons and in these, 
U is in the first position of the anticodon, 
permitting U:N wobble. 
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An important spin-off of the sequence 
analysis is the finding that the genetic code 
in human mitochondria differs from that 
used in other genetic systems: UGA is read 
as tryptophan rather than ‘stop’, AGA and 
AGG as ‘stop’ rather than arginine, AUA 
as methionine rather than isoleucine, and 
AUA or AUU is sometimes used as an 
initiation codon instead of AUG. The 
genetic code is therefore not universal. 

For the mitochondriacs who spend their 
days studying mitochondrial biogenesis, 
the human mtDNA sequence also has an 
interesting bonus. In addition to the genes 
for subunits of major membrane proteins 
like the cytochrome c oxidase, apocyto- 
chrome b and the ATPase complex, which 
were already known to reside in mtDNA, 
sequence analysis has unearthed eight 
URFs (unassigned reading frames, coding 
fer as yet unidentified proteins). There is 
very little doubt that these sequences 
represent protein genes because they are 
conserved in the bovine mtDNA and, 
moreover, it is highly improbable that such 
a tightly packed genome would contain 
non-functional genes. The function of the 
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proteins corresponding to the URFs 
remains a matter of speculation (RNA 
processing? Ribosomal proteins?). 

How representative of mitochondrial 
genetic systems is the human’s? The size of 
mtDNAs from sea urchins, flatworms, 
insects and man is similar* and the relative 
positions of tRNAs and other transcripts 
on human and toad mtDNA is virtually the 
same’. But an entirely different situation is 
found in yeast, which contains a fivefold 
larger mtDNA. Figure 1 compares the 
overall gene order in the two mtDNAs. 
Yeast contains a series of URFs showing no 
significant homology with their human 
counterparts, but has a set of genes for 
major membrane proteins which are about 
50 per cent homologous to their human 
mitochondrial equivalents. The order and 
the space in which these genes are arranged 
in the DNA are, however, completely 
different. The striking difference in com- 
pactness is exemplified by the comparison 
of the apocytochrome b genes, presented in 
Fig. 2. The coding sequences are almost 
identical in size, but the yeast MRNA has a 
leader sequence of 1,000 nucleotides, 
whereas the human mRNA has none. The 
yeast gene is split by five introns, the 
human gene (like all other human mito- 
chondrial genes) is not. The yeast gene has 
a non-translated 3’-trailing region of about 
50 nucleotides; the human gene has no such 
region and even lacks a complete stop 
codon. The human mRNA is polyadeny- 
lated; the yeast mRNA seems not to be. 
Obviously there is no pressure for maximal 
economy on yeast mtDNA. Further 
evidence of that comes from the long non- 
coding stretches between genes. 

Although RNA processing is prominent 
in both human and yeast mitochondria, in 
yeast transcription appears to start from at 
least five separate promoters® and tRNA 
punctuation, so elegantly used by human 
mitochondria in RNA processing (see 
p.470-475 of this issue), does not have a 
role. With less pressure for economy one 
would expect the yeast rRNAs and tRNAs 
to be less ‘petite’ and unusual than their 
human counterparts. This is the case; the 
rRNAs in yeast mitochondria are about 
3,200 (ref.7) and 1,660 (ref.9) nucleotides 
long and the tRNAs, although lacking some 
of the common features of tRNAs used in 
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Fig, 2 Comparison of the gene and mRNA for 
apocytochrome b in yeast (see ref.24) and man (refs 4, 5 


and S. Anderson et al, p.457 of this issue of Nature). 
Coding sequences are shown as filled-in bars and introns 


non-mitochondrial genetic systems®'', are 
less bizarre than the human ones. As in the 
human, the yeast mitochondria have some 
tRNAs able to read four codons but they 
contain more iso-accepting tRNAs, the 
total gene number now being at least 25, 
against 22 in human mtDNA. Finally, 
yeast, like human, mitochondria read the 
UGA codon as tryptophan rather than 
‘stop’, but they do not share with human 
mitochondria the unusual assignments of 
the AUA, AGA and AGG codons. Instead 
they read the CTN codon as leucine rather 
than threonine!*, so there is not even a 
common code in different mitochondria. 

Why does human and animal mtDNA 
look like a 1981 university department, 
with everything reduced to minimal size 
without anyone actually being fired, 
whereas an equivalent set of genes is spread 
luxuriously over 78,000 base pairs in yeast? 
We think that the key to an understanding 
of these differences lies in the rapid 
evolution of the mtDNA genes that code 
for rRNAs and tRNAs. For instance, the 
large rRNA from mouse” and rat (C. 
Saccone, personal communication) mito- 
chondria share only 68 per cent homology. 
(Compare this with the 74 per cent 
homology between the 16S rRNAs of Zea 
mays chloroplasts and Escherichia coli'*!) 
And, at most, human and beef tRNA" are 
only 74 per cent homologous. Further- 
more, the TwC loop, which has a constant 
seven-base length outside mitochondria, is 
three bases long in human and eight in 
bovine tRNA" (ref.15). 

In our opinion this high evolutionary 
divergence of rRNA and tRNA genes in the 
mitochondria of closely related species is 
most easily explained by the low demands 
made on the mitochondrial translation 
system. This system has only to produce a 
very limited number of proteins and 
usually at a constant relative rate. It may 
therefore evolve more rapidly than a 
system which has to produce a large 
number of proteins at maximal efficiency 
and subject to various translational 
controls. Different selective pressures must 
have pushed animal mtDNA into extreme 
economy but yeast into maximizing the 
A+T content. The nature of these 
pressures is unknown. 

If the mitochondrial genetic system can 


as open bars. 


take more change than other systems, it is 
possible that further searches in the back- 
streets of biology may uncover additional 
surprises. The small mitochondrial 
genomes of, for example, Chlamy- 
domonas, with 15,000 base pairs'®, or Try- 
panosoma brucei, with 20,000 base pairs!’, 
exhibit different or more extreme solutions 
to the pressure for economy than human 
mitochondria. Indeed, the trypanosomes 
appear to have even smaller rRNAs in their 
mitochondria (1,230 and 640 nucleotides) 
than man!’. The study of such extremes 
may deepen our insight into the minimal 
requirements for a functional genetic 
system and provide clues about the 
evolutionary pathways that might have 
been followed to develop the more sophis- 
ticated mechanisms of gene expression 
used by present-day bacteria an 
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Thrombosis: a molecular approach to therapy 


from P.J. Gaffney 


VENOUS THROMBOSIS is thought to be 
initiated by the thrombin-mediated 
conversion of circulating fibrinogen to 
fibrin and the deposition of long fibrin 
polymers on the vessel wall, with the 
simultaneous aggregation of platelets and 
entrapment of other cellular components 
of blood. There is evidence that fibrin 
deposition is also involved in the 
progressive growth of atheromatous 
lesions, which characterize coronary artery 
disease. While present-day 
pharmacological approaches to the 
alleviation of occlusive vascular disease 
frequently fail to solubilize the target fibrin 
without hazardous systemic effects, in this 
issue of Nature (p.505) Smith and his 
colleagues describe a novel chemical tactic 
using chemically modified enzymes and 
activators, which allows the delivery of a 
fibrinolytic action direct to the target 
fibrin, leaving the circulating components 
of the haemostatic system unaffected. 
Current views about the molecular 
reactions involved in fibrin formation and 
destruction allow a better appreciation of 
the ingenuity of this new approach to 
thrombolytic therapy. 

The generation of thrombin is a central 
event in the initiation of a thrombus in that 
this enzyme (1) causes platelets to 
aggregate, (2) activates fibrinogen to 
fibrin, and (3) converts an inactive plasma 

transglutaminase (Factor XIII) to its active 
form. The latter two reactions are involved 
in the establishment of an organized 
insoluble fibrin network which ‘cements’ 
the various components of a thrombus 
together. The interaction of thrombin with 
fibrinogen involves the removal of small 
peptides from the dimeric fibrinogen 
molecule! , exposing a previously masked 
dimeric polymerization site on the fibrin 
monomer? which can attract two 
fibrinogen molecules in a polymerizing 
reaction. These latter fibrinogen molecules 
are converted to fibrin by the action of 
thrombin, and further accumulation of 
fibrinogen feeds the multi-branched 
growth of the fibrin polymer network. 
Activated Factor XIII catalyses the 
formation of stable glutamyl—lysyl cross- 
links? between the chains of the soluble 
forming fibrin and this cross-linking 
process is completed in the insoluble fibrin 
found in most established thrombi*. Thus 
the in vivo formation of fibrin clots is a 
dynamic process with all the events in a 
- series of reactions being interdependent. 

Of necessity there are a number of 
control mechanisms on clot formation. 
While inhibitors of thrombin (particularly 
ATI) are crucial in the control of 
thrombin generation, it is generally agreed 
that the fibrinolytic system protects against 
fibrin deposition and thus against most 


forms of thrombosis. The fibrinolytic 
system consists of a circulating proenzyme 
(plasminogen) and a plasma activator 
(plasminogen activator), the latter being 
stored in and released on demand from the 
endothelial cells lining the vessel wall. The 
interaction of plasminogen activator with 
plasminogen produces the active serine 
protease, plasmin, which is very rapidly 
neutralized by natural inhibitors in the 
plasma, notably @,-antiplasmin’. The role 
of the fibrinolytic system in controlling 
fibrin generation is best exemplified during 
disseminated intravascular coagulation, 
which is a serious complication in a variety 
of seemingly unrelated conditions (such as 
cancer, pregnancy and septicaemia). 
During this form of intravascular 
coagulation the systemic generation of 
thrombin is accompanied by the activation 
of the fibrinolytic system which digests the 
forming fibrin before it can act as a focus of 
local thrombus formation on the vessel 
wall. It seems that as fibrin forms, it 
orchestrates its own destruction; some of 
the mechanisms of this orchestration 
process are now understood (for review see 
ref.6). 

_ Plasminogen activator and plasminogen 
bind strongly to forming fibrin while the 
major fibrinolytic inhibitor, a,- 
antiplasmin, has no such affinity. Thus, 
this inhibitor, which has such a powerful 
and immediate neutralizing effect on free 
plasmin, can only mildly affect plasmin 
attached to forming fibrin. The 
preferential binding of plasminogen to 
fibrin is via a lysine-binding site on the A 
chain of the plasminogen molecule, which 
is distinct from that region of the molecule 
where the catalytic site resides. This lysine- 
binding site and the active site of plasmin 
both combine with a,-antiplasmin during 
the rapid neutralization of plasmin. Thus, 
the protective effect of fibrinolysis against 
thrombosis seems to be regulated by the 
localization of plasminogen activator- 
plasminogen complex on, and the 
exclusion of inhibitors from, the surface of 
the forming fibrin’. 

It is reasonable to propose that the 
mechanisms described above for systemic 
intravascular coagulation also apply 
during the localized coagulation which 
precedes the occurrence of thrombosis. 
Should the fibrinolytic system be unable to 
control such coagulation episodes, it 
probably cannot digest the consequent 
organized thrombi containing resistant 
cross-linked fibrin. There is, indeed, a 
developing consensus that enzymes from 
entrapped cells are responsible for the 
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spontaneous lysis of thrombi®. This non- 
plasmin form of fibrinolysis probably 
proceeds quite slowly, whereas urgent and 
effective thrombolytic therapy is required 
during life-threatening thrombosis, which 
involves imminent tissue death in vital 
organs. 

The major aim of treatment must be the 
destruction of the target fibrin in the 
thrombus, while leaving unaffected the 


fluid components of the blood. Though 


two potent fibrinolytic agents, 
streptokinase (SK) and urokinase (UK), 
have been in clinical use for the past 20 
years, wholly satisfactory threrapy has not 
yet been developed. Urokinase directly 
converts plasminogen to plasmin while SK 
forms an equimolar complex with 
plasminogen or plasmin (SK-plasminogen 
or SK~—plasmin) and this complex, like UK, 
converts plasminogen to plasmin?. While 
the systemic plasmin so formed is rapidly 
neutralized by a,-antiplasmin, any plasmin 
generated in excess of the neutralizing 
effect of a@,-antiplasmin arguably attacks 
not only the occlusive thrombus, but also 
circulating fibrinogen and other 
components of the haemostatic process. 
Since these effects are systemic and the 
thrombus may be localized at one point in 
the circulation, it is not surprising that both 
the destruction of fibrinogen and the 
consumption of @,-antiplasmin occur. 
Damaged circulating fibrinogen and its 
effect on platelet aggregation have been 
proposed as major causes of the 
haemorrhages sometimes occurring during 
infusion of SK and UK for the relief of 
occlusive vascular disease’? 

Smith and his colleagues, in their novel 
approach to the therapy of venous 
thrombosis, exploited the differential 
affinities of plasmin for fibrin and 
a,-antiplasmin and demonstrated that 
acylation of the active site serine allowed 
plasmin to bind exclusively to fibrin 
without being inhibited by @,-antiplasmin. 
Likewise, an equimolar SK-plasmin 
activator complex was acylated and, when 
infused systemically in experimental 
animal models, it bound to thrombi 
without activating the circulating 
plasminogen. The authors demonstrated 
the in vitro deacylation of plasmin and 
activator while bound to fibrin and their 
results in animals indicated a similar 
deacylation process on the surface of 
experimental thrombi, causing effective 
lysis. During these experiments little or no 
systemic side effects were observed. 

This approach provides an attractive 
alternative to the somewhat hazardous 
systemic approaches used to date in 
thrombolytic practice, which are quite 
often accompanied by the destruction of 
some essential haemostatic components of 
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blood with accompanying danger of 
haemorrhage. The successful targeting of 
the fibrinolytic action to the fibrin in 
experimentally induced clots in rabbits and 
dogs, without overt systemic effects, opens 
up a new approach to thrombolytic 
therapy. However, before undue optimism 
is generated, there is a need to demonstrate 
these different thrombolytic and systemic 
effects using acylated enzymes and 
activators ina whole human system (that is, 
in a system where a human thrombus is 
perfused with human blood). The efficacy 
of this new approach must also be tested in 
other models of thrombosis which are more 


closely associated with the vessel wall. 
Should these approaches be successful, 
then a new dimension in the treatment of 
thrombotic disease may soon be available 
for testing in clinical trials. G 





. Bettlcheim & Bailey Biochim. biophys. Acta 9, 578 (1932). 
. Kudryk et al. J. biol. Chem. 249, 3322 (1974). 

. Pisano etal, Science 160, 892 (1968). 

. Gaffney ef al. Cardiovasc. Res. 10, 421 (1976). 

. Wiman & Collen Eur. J. Biochem, 78, 19 (1977). 

. Collen Thromb. Haemostasis 43, 77 (1980). 

Wiman & Collen Nature 272, $49 (1978). 

_ Moroz & Gilmore Blood 48, 531 (1976). 

. Castellino Trends biochem. Sci. 4, 1 (1979). 

, Gaffney etal, Br. J. Haemat. 26, 285 (1974). 


DN OO ER Be ee 


i 


Stable clocks and the 
theory of relativity 


from G.J. Edwards 


EINSTEIN'S theory of relativity is to my 
mind the most elegant of all scientific 
theories. Based on the simple hypothesis 
that all local, freely falling, non-rotating 
laboratories are fully equivalent for the 
performance of all physical experiments 
(the principle of equivalence), the theory 
has vast ramifications which extend 
throughout physics and form a basis for 
our understanding of the structure of the 
Universe. The theory has, of course, been 
something of a theoretician’s paradise and 
an experimentalist’s hell, but the past 
twenty years have seen two developments 
which somewhat redress this imbalance. 
These are the ability to hurl sensitive 
equipment into space and the great 
improvements of oscillators (clocks) such 
as masers, lasers and atomic clocks, some 
of which now have stabilities of | part in 
10'4 or so over significant periods of time. 
The kind of accuracy possible using these 
aids is exemplified by a recent experiment 
by Vessot and colleagues (Phys. Rev. Lett. 
45, 26, 2081; 1980) which is the most precise 
confirmation to date of the change in the 
rate of a clock moving in a gravitational 
field. The experiment also points the way 
for future projects which will probe 
accurately the actual structure of space and 
time. 

In the above experiment (carried out by 
the Smithsonian Astrophysical 
Observatory and the George C. Marshall 
Space Flight Center, US) a very stable clock 
was launched by rocket to a height of 
10,000 km ina near-vertical trajectory. The 
clock was a hydrogen maser operating at 
1,400 MHz and with a stability of 1 in 10" 
over 100 seconds. After the 18-2 launch 
acceleration, the spacecraft containing the 
maser went into free fall, allowing about 
100 minutes of experimental time, during 
which the frequency shift in the maser 
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Fig. 1: Simplified schematic diagram of the 
experiment by Vessot ef al. 


signal radiated to Earth was measured and, 
after correction, compared with the value 
predicted by relativity theory (Fig.1). The 
main correction was in fact large, being 
caused by the non-relativistic Doppler shift 
in radiation from a moving source. Its 
magnitude was obtained using a separate 
two-way transponder system between 
Earth and the spacecraft, as the returning 
signal contains essentially only the Doppler 
shift. Finally, the position and velocity of 
the spacecraft need to be known 
accurately, and these parameters were 
deduced from the Doppler — shifted 
signals received at five tracking stations. 

The residual fractional shift, Af/ Jo in 
the maser signal is, according to the theory 
of relativity, given to first order by: 


Mf _, z 
E ey ail, fe V- 


V-ra] 


The first term is the gravitational red- 
shift (¢ and $, are the Newtonian 
gravitational potentials on Earth and at the 
maser), while the second term involves the 
relative Earth-spacecraft velocity and is the 
famous time-dilation effect for a moving 
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Fig. 2: Frequency residuals and predicted 
effect during mission. 


clock of special relativity. The last term is a 
residual Doppler shift due to Earth 
acceleration. 

The result of this difficult experiment is 
indicated in Fig.2. Clearly the experiment 
was a great success and the authors quote 
the overall uncertainty as given by:- 


Af mm (experiment) = Af 
o [1 + (2.5 + 70) 106] p ien 


The previous best direct verification of 
the velocity-dependent term is from a 
measurement of the lifetime of fast- 
moving muons by Bailey et al. (Nature 218, 
301; 1977) with an accuracy of 1 in 10°. The 
gravitational shift had previously been 
confirmed at the | per cent level by Pound 
et al. (Phys. Rev. 140, 3B, B788; 1965) 
using the Mossbauer effect. 

Clearly the new result is a significant 
boost for the theory of relativity and the 
same is true of other, recent experiments 
using very stable oscillators. In one of 
these, Brillet and Hall (Phys. Rev. Lett. 42, 
9,549; 1979) rotated a helium—neon laser 
working at a wavelength of 3.39um and 
locked to a cavity, to check for small aniso- 
tropies in space, due for instance to the 
Earth’s motion with respect to the Sun or 
the cosmic background radiation. They 
could find no anisotropy at the 1 in 10 
level, a 4,000-fold improvement over the 
best previous attempt. Another experiment 
by Hafele and Keating (Science 177, 166; 
1972) involved flying four very stable 
caesium clocks around the world in 
aeroplanes. This experiment is 
conceptually identical to that of Vessot ef 
al., but less precise. Again, theory and 
experiment were in agreement. 

The experiments outlined above are 
important indications of the results which 
will almost certainly be obtained by the use 
of very stable clocks within the next few 
years. Besides the general theory of 
relativity, there are a number of other 
theories of gravitation which predict 
different values for the space-time 
‘curvature’ in gravitational fields. The 
theories differ in their predictions by very 
small terms which are second order com- 
pared with the components of the equation 
above. Some of these terms have already 
been measured to modest accuracy, for 
example by observations on the advance in 
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the perihelion of the orbit of Mercury and 
the bending of light rays round the Sun. 
(For a general review of relativistic, 
gravitational experiments see Rudenko 
Sov. Phys.Usp. 21, 11, 893; 1978). 
However, tests using stable clocks should 
be able to advance significantly our 
knowlege in this area. 

One such ambitious venture is the solar 
probe (European Space Agency) which will 
fly, amongst other things, clocks very close 
to the Sun, where the gravitational field is 
very much greater than on Earth. Besides 
obtaining valuable information on the 
Sun’s structure, the experiment should 
enable us to distinguish accurately between 
several of the competing theories. Another 
experiment proposed by Will (Metrologia 


13, 95; 1977) is the comparison of two 
different types of very stable clocks on 
Earth. Certain (metric) theories of 
gravitation predict that all clocks, irres- 
pective of their construction, have identical 
gravitational redshifts while another class 
of (non-metric) theories predicts small 
shifts between different types of clock. 
Such an experiment would require clock 
stabilities in excess of 1 part in 10!5. 

All of these tests impose extremely strict 
requirements on the stability of clocks and 
great care in the design of the experiments. 
The reward might be that we discover tiny 
but significant effects which would imply a 
change in our idea of gravity as significant 
as the difference between the Newtonian 
and Einsteinian theories. E 


Quasars: what and where? 


Jrom Martin Ward 


RECENTLY the Royal Astronomical Society 
was host to a discussion meeting* on 
Quasars which, although short, did provide 
an insight into the astronomical 
communities’ current views on the nature of 
quasars. The talks appeared to divide 
naturally into two categories — concerning 
_ what quasars are and concerning where they 
are. l 

The latter question relies heavily on 
statistical arguments, often a weak point 
amongst astronomers. A study of pairs of 
quasars with very similar redshifts shows 
that, assuming the redshift is a result of the 
expansion of the Universe, their projected 
separations in space are between 5 and 30 
million parsecs. As clusters of galaxies are 
thought to be components of ‘superclusters’ 
with dimensions of comparable range the 
observations may suggest that quasars are 
in superclusters too faint to be seen. 

A minority view is that the origin of the 
high redshifts, at least in some cases, is not 
due to the Hubble flow, and hence cannot 
be used in the standard way to determine 
the distance of the quasar. Rather, it is 
claimed that some component of the 
redshift is an intrinsic property of the 
quasar itself. Supporting evidence comes 
from the incidence of high redshift quasars 
near to low redshift bright galaxies — an 
unlikely state of affairs, advocates of the 
non-cosmological redshift would say, 
unless the quasars and bright galaxies are 
in some way related, by ejection of the 
quasars from the bright galaxies for 
example. A related problem is of quasar 
_ alignments (see News and Views, 289; 533, 
1981). An impressive number of pairs, and 
some multiple quasars have been found 
near to galaxies. The crucial question is 
whether these distributions are projection 





*The meeting was held in Londen on 13th February 1981 and was 
organised by ML G. Smith and R. F, Carswell. 


effects, and hence occur by chance, or 
imply a genuine physical association. The 
majority of astronomers still doubt a 
physical association hypothesis because of 
the a posteriori statistics used, and also 
because no accepted theoretical 
framework exists to explain the large 
intrinsic redshifts. In order to calculate 
accurately the chances of finding a quasar 
near to a bright galaxy by projection 
effects, one needs to know the surface 
density of quasars. This number is very 
uncertain at faint magnitudes and different 
assumed densities will change radically the 
likelihood of a chance quasar/galaxy pair. 
So the question remains open, but it is 
unlikely that the majority view will change 
without evidence of physical association — 
as might be provided by an unambiguous 
detection of connecting material for 
example. Talks given during the rest of the 
meeting, addressed the question of what 
quasars are, and it was assumed without 
comment that quasars are distant and that 
redshift is a distance indicator. 

The continuum radiation from a large 
number of quasars has now been observed 
from X-ray to radio frequencies. Variations 
in the intensity of this radiation over short 
timescales, in many cases days, strongly 
suggests an origin in the very central regions 
of the object. If quasars are assumed to be at 
great distances it is difficult to see what sort 
of powerhouse is capable of generating these 
enormous energies. A general picture which 
has gained acceptance over the last few years 
requires the presence, at the center of 
quasars and related objects, of a super- 
massive object (black hole) equivalent to 
something like 10° to 10° solar masses. 
Material, possibly debris from stars torn 
apart by tidal forces, then falls onto the 
central object releasing energy as it does so. 
There is good evidence for a similar, 
although very much scaled down, version of 
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this process operating in close binary star 
systems in our galaxy. But at the centre of 
quasars things are likely to be less simple, 

the infall of material will probably be more 
chaotic for example. Before the radiation 
generated deep down at the centres of 
quasars 1s detected by our instruments it will 
have interacted, that is been scattering 
absorbed and re-emitted, by material within: 
the quasar. These effects modify the 
observed continuum spectrum so a simple 
power law fit that might arise from 
synchrotron radiation does not usually 
provide good agreement with the 
observations. The multifrequency observa- 
tions now possible using satellites and 
ground based telescopes have proved very 
useful, and the various lumps and bumps by 
which their spectra deviate from a smooth 
distribution are now the subject of much 
research. 

Another problem which has attracted 
much interest since the launch of the 
Einstein X-ray satellite, is the contribution 
made by quasars to the X-ray background. 
The first X-ray results lead to the em- 
barrassing conclusion that if the X-ray 
emission from all such objects were summed 
out to large distances it would more than 
account for the observed diffuse X-ray 
background in the range 1-3 keV. Of the 
many assumptions which went into this 
calculation at least one now appears to have 
been unjustified. The original sample was 
biased towards radio loud quasars and the 
contribution of all quasars was based on the 
assumption that the majority, which are 
radio quiet, had similar X-ray luminosities. 
A larger sample of X-ray quasars shows that 
this is not so. Radio loud quasars tend to be 
stronger X-ray sources than the radio silent 
majority. We now believe that quasars 
contribute somewhere around 40 per cent of 
soft X-ray background. 

A consensus seems to have been reached 
on a basic model of the line spectra of 
quasars, both emission and absorption, 
although it should be borne in mind that the 
following numbers are order of magnitude at 
best. In a typical quasar the emission lines 
arise in a region about | parsec in diameter 
and this volume contains about 100 solar 
masses of ionized gas. The distribution of the 
gas is far from uniform and consists of a large 
number of dense clouds (perhaps 10" of 
density 10° particles per c.c.). These clouds 
may not be fully ionized and could contain 
an unknown amount of neutral gas. The 
cloud model provides a simple 
approximation and no information is 
available on the shapes and distribution 
around the nucleus. It seems that the 
dominant source of ionization is from the 
central source and not from collisions 
between the clouds, although this process is 
known to produce the emission lines in some 
nearby active galaxies. One important and 
recently recognized feature of the ionization 
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process is the role played by soft X-rays 
which penetrate deep into the gas clouds. By 
considering this effect there is better 
agreement between the observed and the 
theoretically predicted emission line ratios. 
There is disagreement over whether 
obscuration by dust is important. This effect 
reduces the intensity of short wavelength 
emission lines relative to longer wavelength 
ones. It is certainly true in galaxies that 
where there’s gas there’s dust, but the 
relative amounts in quasar emission line 
clouds is at present unknown. 

Finally the absorption line problem. It has 
been known for some time that the broad 
emission line Lyman alpha often has, 
superimposed on its profile, numerous 
narrow absorption lines which are usually 
blue-shifted with respect to the quasar. This 
is the so-called Lyman alpha ‘forest’. The 


question is, do these absorptions arise in 
material near to the quasar or elsewhere 
along the long line of sight between us and it? 
Opinion now favours the latter 
interpretation. An explanation in which the 
absorption occurs in the halos of galaxies is 
an interesting possibility. If this is correct we 
could use the light from background quasars 
to study the properties and statistics of 
galaxies far too distant to be detected by their 
own feeble light. 

It would be wrong to give the impression 
that a revolution has taken place in our 
knowledge of what quasars are over the last 
few years, but neither is pessimism justified. 
The new multi-frequency continua and high 
resolution spectral line observations, 
together with variation studies have 
improved our understanding. Progress is 
being made. m 


Triggering of volcanic eruptions 


by Earth tides 


from R.S.J. Sparks 


A recent study of Kilauea and Mauna Loa 
volcanoes in Hawaii (D. Dzurisin Geo- 
physical Research Letters 7, 925; 1980) 
shows a weak but significant correlation of 
the Earth tide maxima with eruptions of 
Kilauea. No correlation at all was seen with 
the activity of Mauna Loa — a result which 
serves to emphasize how individual the 
behaviour pattern of very similar volcanoes 
can be. 

The stress changes induced in the Earth’s 
crust by fortnightly Earth tides are very 
small (maximum of 10°? bar) compared 
with the levels of tectonic stress (10! ~ 10° 
bar) and the probable stresses required to 
fracture a volcanic edifice and trigger 
eruptions. Although many studies have 
attempted to link earthquakes with tidal 
stressing, the results have generally proved 
negative or inconclusive. One exception 
was a study of after-shocks by Ryall and 
others (Bull. seism. Soc. Am. 58, 215; 
1968) where a good correlation with fort- 
nightly Earth tides was demonstrated. 

In a volcanic eruption, pressure builds 
up over periods of hours to months due to 
the ascent of lava into the volcano, the ex- 
solution of volatiles or the entrapment of 
ground water. When the pressure on the 
volcanic edifice exceeds the strength of the 
rock, fracturing occurs and allows lava 
and gas to reach the surface. Fracture 
strengths of rock in tensile failure are 
probably in the range 10 to 100 bar, again 
very much larger than tidal stresses. Thus, 
at first sight, a correlation with Earth tides 
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seems unlikely given many other factors 
which will control the formation of suitable 
fractures. 

Mauk and Johnston (J. geophys. Res. 
78, 3356; 1973), however, have pointed out 
that it is the rate of stress accumulation that 
can be important. Fortnightly Earth tides 
can have stress accumulation rates of up to 
10-5 bar s., In volcanoes such as 
Kilauea the stress accumulation rates by 
increase in fluid pressure within the magma 
reservoir are as low as 2x 107 bar s`. 
Thus, if stress is slowly building up Earth 
tides could trigger the eruption. On the 
other hand, stress accumulations of 
§x 10° to 8x 10-4 bar s`, greatly 
exceeding the tidal rates, have been 
recorded from volcanoes in New Zealand. 

The study by Dzurisin examines the two 
volcanoes, Kilauea and Mauna Loa, for 
which more data are available than 
any other volcano. The correlation 
between Earth tides and Kilauean 
eruptions is reasonably convincing — the 
probability of an eruption during a week 
centred on tidal maximum is nearly twice as 
much as the probability of an eruption ina 
week centred on tidal minimum. For Mauna 
Loa, however, there is no correlation. An 
important lesson is that it is often very 
dangerous to transfer the results from one 
volcane to another. Volcanologists should 
not use Earth tides in general predictions 
until they know the behaviour of their par- 
ticular volcano very well. Most of the 
world’s dangerous volcanoes, such as 
Mount St Helens, simply do not have a long 
enough record to find out whether there is 


correlation. (3 
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THE ST. PETERSBURG DYNAMITE 
MINE 

The following account of the bomb recently 
discovered in St. Petersburg, extracted from Russian 
sources, gives a remarkable picture of the state of 
society in the empire, where able chemists and expert 
miners can be found to engage in such desperate 
undertakings. 

It appears from a sketch-plan which accompanied 
the translation put into our hand, that the mine 
extended from one side of Malaya Sadobaya Street to 
the centre of the roadway; the total length of the mine 
gallery being fifteen paces, the street must be thirty 
paces, say seventy-five feet wide. 

The gallery terminated in a chamber about double 
its diameter, and in this was found the charge 
contained in a case twenty-two inches long and eight 
inches diameter, weighing sixty-five pounds, and 
beside this a glass jar contained about thirty pounds 
more of the explosive substance, apparently an excess 
quantity over that required for the actual explosion, 
The explosive consisted of a species of dynamite made 
by mixing nitro-glycerine with powdered charcoal. 
The description of the fuse, as contained in the 
Russian account, is very obscure, but would appear to 
have consisted of a wide heavy glass tube containing 
an explosive, described some time back in Nature, 
and prepared by mixing nitro-glycerine with about 10 
per cent, of gun-cotion, the result being a very 
explosive substance of a partially gelatinous charac- 
rer, In the midst of this, and surrounded by a mixture 
of potassic chlorate and antimonious sulphide, was a 
sealed glass tube containing concentrated sulphuric 
acid and a leaden weight. The whole was then 
apparently connected with the dynamite in the case by 
means of an india-rubber tube also containing 
explosives. If this was the actual construction the 
modus operandi of the conspirators was very simple, 
for the heavy glass tube had only to be allowed to fall, 
when the lead would have broken the sulphuric acid 
tube, and the chlorate mixture would have al once 
inflamed, and the explosion of the jelly would have 
communicated by means of the rubber tube with the 
torpedo. At the same time it is very difficult to 
imagine the reasons which could have induced the 
conspirators to adopt so crude a method when, as it 
appears from the account, they had at their disposal 
in the room adjoining that from which the mine was 
driven no less than four galvanic batteries, with which 
the explosion could have easily been instantaneously 
effected by those on the watch for the passage of the 
intended victims, a method of operation much more 
consonant with the skilled character of the other parts 
of the work. 

Whatever may have been the real mode intended to 
have been used by the conspirators, the results would 
have been sufficiently frightful, as it is probable that 
the charge found would have made a “crater” of 
about fifty feet in diameter. 

Some of our readers may be glad to learn that the 
French Association has resolved tocurtail the number 
of scientific meetings in order to extend the lime left 
for excursions and festivals. The programme includes 
two receptions by the Mayor of Algiers, one by the 
Governor-General, and a large Arabian féte called 
Bite, dancing and singing by native women, &c. 
Possibly the reported massacre of the Flatters 
Expedition may put a stop to these ultra-scientific 
festivities. 


From Nature 23, 7 April, 531, 542, 1881. 





Erratum 
in Monitoring Mount St Helens trom M. 
McCormick (News and Views March 12, 290, 
88, 1981) the value of aerosol mass added to 
the background stratosphere calculated from 
lidar data was incorrectly printed as being 0.4 
to 0.6 x 101? metric tons. The value should 


have been 0.4 to 0.6 x 10° metric tons (p.88, 
line 46) which agrees with that calculated from 
SAGE data, The predicted warming of the 
stratosphere near the peak aerosol concentra- 
tion at 18km (p.88, line 62) was also incor- 
rectly printed as ‘a degree’ instead of ‘tenths of 
a degree’. 
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Proteins which traverse membranes tend to have a dimeric structure in which the dimer is arranged 
asymmetrically across the membrane with the axis of symmetry perpendicular to the membrane plane. 
This general structure is well suited to the function of transporting nutrients across the cell membrane. 
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THERE is growing evidence that membrane proteins exist in 
oligomeric (usually dimeric) form, based on studies both of the 
intact membrane and of solubilized proteins. In reviewing the 
evidence here, I shall consider only those proteins which clearly 
or probably traverse the cell membrane. It is my aim to show that 
the structural features: of these proteins have functional 
consequences which are compatible with the experimentally 
established prerequisites for carrier systems. 


Examples of oligomeric membrane proteins 


Studies of the intact membrane, for example with cross-linking 
reagents’, suggest that some membrane proteins occur in 
oligomeric form but more compelling evidence has come from 
Studies of the solubilized membrane proteins, Only in the past 
_decade, by more judicious handling of nonionic detergents, has 
the isolation of membrane proteins reached a stage at which the 
purified proteins can confidently be considered undenatured 
and intact. This has allowed the oligomeric states of some 
solubilized membrane proteins to be demonstrated by direct 
measurements of molecular weight. Based on data from such 
studies I suggest that oligomericity can be used as a criterion to 
determine whether a membrane protein isolated in these deter- 
gents is intact, because cleavage of oligomers by detergents 
often leads to denaturation. 

A survey of some selected membrane proteins with oli- 
gomeric structure is given in Table 1. Although much evidence 
has been derived from chemical cross-linking procedures, these 
are not free from artefacts. Less equivocal data can be obtained 
with the isolated protein, by determination of the molecular 
weight (by ultracentrifugation) and of the number of active sites 
per protein. Any complication due to artificial aggregation of 
hydrophobic proteins can be largely excluded by the appropriate 
use of nonionic detergents. If the functional molecular weight 
calculated from the number of sites per protein agrees with that 
determined by hydrodynamic methods, there can be little doubt 
that the isolated protein is in the native oligomeric state. 

In the intact membrane, cross-linking experiments for detec- 
ting oligomeric proteins have rarely been successful’. Never- 
theless, erythrocyte band 3 protein (identified with the anion 
carrier’) has been shown to occur as a dimer’ and to span the 
membrane®. Also, (Na* +K*)ATPase has been cross-linked’ in 
the membrane to form a dimer of the large œ and B subunits, 
which indicates that this pump may exist as a dimer (a8). The 
ADP/ATP carrier in mitochondrial membranes can be shown 
by combined cross-linking and immunochemical methods to be 
a dimer (M. L. Vitali and H. P. Schultheiss, unpublished data). 
For Ca? -ATPase there is some evidence of an oligomeric state 
in the membrane but it is equivocal’. 

More abundant and clear-cut evidence for oligomeric struc- 
ture is provided by the isolated membrane proteins. If solu- 
bilized with nonionic detergents, these proteins form micelles 
with an increased particle size due to the bound detergent. The 
detergent obscures the true hydrodynamic properties of the 
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proteins but this can be allowed for by use of appropriate 
corrections’. The membrane protein preparations in the 
nonionic detergents are mostly monodisperse and, according to 
several criteria, are undenatured, retaining their native struc- 
ture. Using Triton X-100 my colleagues and I have isolated 
seven different membrane proteins from mitochondria ®?, 
chloroplasts'* and bacteria’*’* and have determined their 
molecular weights by ultracentrifugation 

The band 3 protein of erythrocytes isolated with Triton X-100 
is a dimer—this agrees with in situ cross-linking studies’. 
However, if solubilized by acetic acid, a dynamic monomer- 
oligomer equilibrium is observed”. This preparation may not be 
native according to the criteria described above. Among the 
mitochondrial proteins isolated with Triton X-100, the 
ADP/ATP carrier was first recognized as a dimer with two 
identical subunits'’?', Extending these methods, other mito- 
chondrial proteins such as cytochrome $ (ref. 10) and the 
cytochrome bc, complex'*''* were purified in defined oligomeric 
states. The highly hydrophobic cytochrome b was characterized 
as a dimer’ and the cytochrome bc, complex, consisting of 
several different subunits, was found to be a dimer with each 
subunit present at least twice'*?*. Other dimers isolated in 
Triton include the cytochrome c oxidase complex”, the 
uncoupling protein from brown fat mitochondria’, the acetyl- 
choline receptor from postsynaptic membranes and the triose 
phosphate-P; exchange carrier of chloroplasts’*, Two 
membrane-bound dehydrogenases from bacteria, formate 
dehydrogenase’ and fumarate reductase’®, which also form 
dimers, are not listed in Table 1 because they do not penetrate 
the cell membrane and bind only a relatively small amount of 
Triton, 

When isolated with the nonionic detergent Lubrol, (Na*+ 
K*)ATPase is a dimer by ultracentrifugal studies****; in the 
same detergent Ca’*-ATPase is a tetramer® but this may result 
from nonspecific aggregation as the tetramer can be dissociated 
into monomers by greater amounts of nonionic detergent 


C-type oligomers 





Fig. 1 Protein oligomers with n-fold rotational symmetry axis 
consisting of 2, 3 and 4 identical subunits. The repeating interfaces 
between the subunits are designated k and I. 
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Table 1 Some oligomeric transmembrane proteins _ 
Molecular weight (x10°) Lo 
Protein Source Monomer Oligomer Type Evidence (ref.) 
ADP/ATP carrier Mitochondria: Inhibitor binding (21, 69) 
animal and 30 60 a Cross-linking (17, 69) 
Neurospora crassa 34 68 a Hydrodynamic (17) 
Uncoupling protein Brown adipose tissue 32 64 “ay Hydrodynamic (19) 
(mammalian) 
(Na +K“)ATPase Plasma membrane, for —_ 330 (aß) Cross-linking (7) 
example, shark rectal gland (aB2)2 Hydrodynamic (24, 25) 
Ca’*-ATPase Sarcoplasmic reticulum 100 400 a4 
Anion carrier (band IT) Erythrocytes 90 180 a Cross-linking (5) 
Glucose carrier Erythrocytes 55 100 a Freeze-etching counts (33) 
Inhibitor binding (33, 70) 
Galactoside carrier E. coli 30, 44? _ a Cited in ref. 71 
Porin E. coli, outer membrane a7 — ay Electron diffraction (72) 
Bacteriorhodopsin Halobacterium 28 — (a3 Electron diffraction (28) 
Acetylcholine receptor Electric organ: Torpedo 250 500 (aß...) Hydrodynamic (73) 
Disulphide formation (74) 
Cytochrome b Mitochondria: 30 60 aa Hydrodynamic (10) 
animal and N. Crassa 
Cytochrome bc;-complex Mitochondria _ 420 (aß. . J2 Hydrodynamic (18, 22) 
Cytochrome oxidase Mitochondria 110 345 {aB...)2 Hydrodynamic (23) 





without loss of ATPase activity”. In contrast, rhodopsin occurs 
as a monomer both in the membranous and isolated states”. 
The diffusibility of this protein as part of its function is in 
agreement with its monomeric state. Bacteriorhodopsin, which 
forms a crystalline purple membrane lattice”, is also monomeric 
in detergent solution”, although electron diffraction indicates 
trimer formation in the membrane. 

Another fact which strongly supports dimeric structures 
comes from ligand binding studies, using highly specific inhibi- 
tors of translocators. The frequent result of such experiments is 
that only half a binding site exists per protein subunit: that is, a 
complete binding site requires at least a dimer of the protein 
subunits. Examples are the binding of ouabain to (Na*+ 
K*)ATPase” (see however ref, 31), the binding of atractylate or 
bongkrekate to ADP/ATP carrier’? and cytochalasin B bind- 
ing to the glucose carrier”. 

There is evidence that the dimeric structure in the isolated 
protein is the native one for the ADP/ATP carrier as it loses 
ligand binding affinity on forming monomers. Only in the 
dimeric form does the cytochrome bc, complex show succinate- 
cytochrome c reductase activity’. The (Na*+K*)ATPase is 
reconstitutionally active when isolated with nonionic detergent 
as a dimer”. 

To conclude, note that some oligomeric membrane proteins 
have a rather cryptic transport function for ions: for example, 
cytochrome complexes may pump H“ (ref. 35), various ATPases 
pump Ht, Na* or Ca**, the acetylcholine receptor has a Na* 
channel”, and the uncoupling protein of mitochondria catalyses 
anion transport”. 


Structural principles of oligomeric membrane 
proteins 


Further analysis of the implications and characteristics of the 
oligomeric structure of membrane proteins requires a brief 
resumé of some general principles of oligomer formation. Much 
has been published on the symmetry properties of oligomeric 
enzymes and their functional consequences??? therefore these 
problems will be discussed only with regard to the particular 
situation of membrane proteins. Figure 1 shows some oligomers 
with ‘C’-type symmetry. A closer look at the geometrical prin- 
ciple of association is important for understanding the charac- 
teristics of these structures. Dimeric and trimeric proteins can 
form only one type of symmetrical oligomer which is charac- 
terized by a C,- and C;-rotational axis. Tetramers can form 
several symmetrical structures; the oligomer with C, symmetry 
corresponds to those of the dimers and trimers. Higher sym- 
metry of the D, type is found in many soluble tetrameric 
proteins. For reasons discussed below, this arrangement is 


unlikely for tetrameric membrane proteins. Tetramers can also 
be visualized as being arranged in pseudo-C, symmetry and 
strict C; symmetry when two dimers associate to form a tetramer 
by retaining their original dimeric structure. 

One point of discussion concerning oligomeric structure is 
that of isologous versus heterologous association and the rela- 
tionship of this to cooperative effects between the subunits*'*?. 
Regarding this differentiation, only the dimer would be iso- 
logous whereas the C;-trimer and the (C,-tetramer are 
heterologous. This differentiation, however, can be dismissed in 
analysing the contact area between the subunits in these oli- 
gomers. Each subunit may be thought to have a k- and an 
l-surface separated by the symmetry axis; in all three cases the 
k-surface associates with the l-surface of the other subunit in an 
‘heterologous’ manner. This is true for the dimer in much the 
same way as for the trimer and tetramer. There is no particular 
distinction in the ‘isologous’ association of the dimer over those 
of the trimer and tetramer. In fact, one of the main advantages 
claimed for isologous as compared with heterologous asso- 
ciation, which applies to all three cases, is that a mutation which 
changes the interface will be effective on both sides of the C-axis 
in the oligomer. 


Oligomer membrane proteins and 
phospholipid bilayer 


Membrane proteins are generally assumed to have a hydro- 
phobic surface in those areas which make contact with the 
membrane lipid layer. The share of the hydrophobic surface 
should be particularly large in proteins deeply imbedded in the 
membrane, the most prominent example of which are carriers 
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Fig. 2 Interaction of a dimeric protein with the asymmetric 

phospholipid bilayer. The localization of a dimer with the 2-fold 
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such as those for ADP and ATP or glucose. The high amount of 
Triton binding to these proteins has been thought to reflect the 
extensive membrane contact area, However, the amount of 
detergent bound cannot be used as a measure of the hydro- 
phobic region because of the tendency of nonionic detergents to 
form micelles at these surfaces**. 

The ‘specific’ interaction between subunits should be 
contrasted with nonspecific association often encountered in 
membrane proteins resulting from the interaction of the hydro- 
phobic surfaces. This aggregation can occur if the isolated 
protein lacks sufficient detergent. The size of the aggregation 
may reach microscopic dimensions or it may be limited and even 
well defined, for example, in protein micelles with a hydro- 
phobic core. 

How are oligomeric membrane proteins arranged in the 
membrane? Biomembranes are topologically asymmetric for 
the obvious reason that they separate spaces of different 
composition. There is a prominent asymmetry between both 
leafiets of the lipid bilayer caused by asymmetric distribution 
of membrane phospholipid**. The asymmetric assembly of 
the membrane can also include the membrane proteins. 
For the oligomeric transmembrane protein an arrangement with 
the rotational axis normal to the membrane is the obvious 
choice. This arrangement might be stabilized by interaction with 
the asymmetric bilayer, particularly by the different phos- 
pholipid head groups which can interact with the membrane 
protein through ionic forces. 

Due to the interaction between phospholipids and protein, a 
transmembrane axial arrangement is energetically more 
favourable than the symmetrical arrangement with the axis 
within the membrane plane. This can be illustrated (Fig. 2) by 
summing up the free energy changes associated with the inter- 
action of specific protein surfaces and phospholipid regions of 
the asymmetric bilayer. The free energy change for the trans- 
membrane axial case (AG) can be described as being equivalent 
to (np +mq) x 2 (see Fig. 2 legend for explanation of symbols) 
whereas the free energy change for the parallel axis would be 
AGp=np+mq+nq+mp. Assuming that np+qm is the pre- 
ferred interaction (a free energy minimum), for example, np+ 
qm >nq+mp, it follows that AG; > AG». These arguments are 
valid only for oligomeric proteins and we can conclude that the 
asymmetric transmembrane axial arrangement provides the 
membrane proteins not only with maximum interaction forces 
with phospholipids but also with additional stabilization of their 
quaternary structure. 

After solubilization of membrane proteins in detergent, the 
asymmetric environment is abolished. By replacing the phos- 
pholipid bilayer, nonionic detergents form a micelle around the 
protein®*. In general the detergent will be asymmetrically dis- 
tributed around the protein, but the uniform detergent does not 
allow a differential binding of molecules to different parts of the 
protein. The absence of this differentiation may contribute to 
the relative instability of detergent-solubilized proteins. 


Membrane multicomponent complexes 


A clear example of a C,-transmembrane arrangement of a 
dimeric membrane protein is the (Na~ + K*)-pump (see also ref. 
46). The sections responsible for ATP hydrolysis in both 
subunits must be directed towards the cytosolic face and 
electronmicroscopy shows that (Na*+K*)ATPase (and Ca’*- 
ATPase*’) bulge only towards the inner side of the cell. Each 
large subunit of the (Na* + K*)ATPase binds a minimum of one 
53,000 molecular weight (M,) glycoprotein which faces the 
extracellular space*'**, 

In C,-transmembrane multicomponent proteins the subunits 
can be expected to be attached asymmetrically to the 
membrane, because identical intersubunit binding sites follow 
the transmembrane axis. Thus, in membrane-bound multi- 
enzyme complexes, subunits will be aligned in such a way that 
they form a C,-symmetric complex. Often only one or two of the 
peptides are imbedded in the membrane, the other subunits 


being attached to the surfaces protruding from the membrane, 
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Fig. 3 Common central or separate channels and the binding 
centres in dimeric transport proteins. 


for example in the ATP-synthase of mitochondria. Conversely, 
the existence of detachable subunits on one side of a membrane 
protein can be considered as evidence for C-type symmetry. For 
oligomeric membrane-bound glycoproteins, a transmembrane 
asymmetry is obligatory as the glycoside moiety is always direc- 
ted towards the outer surface of the organelle membrane. This is 
the case, for example, with the anion channel of erythrocytes 
which is a dimer of two identical transmembrane glycoprotein 
subunits“, Glycophorin may also form a transmembrane 
dimer in the erythrocyte, although no clear evidence has been 
reported”, 


Oligomeric structure and transport 


So far we have seen that membrane proteins may acquire certain 
structural advantages unavailable to soluble proteins by forming 
oligomers in their hydrophobic environment. Do they also 
derive functional benefits from the oligomeric, axial trans- 
membrane arrangement? 

Translocation of hydrophobic molecules through the 
membrane requires a hydrophilic channel. Relatively rigid 
channels extending through the membrane exist in permanent 
forms to allow, for example, the nonspecific passage of solutes. 
Closely related to such pores are the gated channels through 
which, when open, many molecules or ions may diffuse. For the 
usual carrier-mediated transport, however, the channel should 
close or open during each turnover when one molecule or a 
defined set of ions is being moved through the membrane. In this 
case, the channels are highly flexible and gated so that at no 
instance do they freely extend across the whole membrane. 

Binding forces between subunits are at a minimum along the 
symmetry axis because identical amino acid residues oppose 
each other. This should facilitate formation of a straight channel 
along the symmetry axis and corresponding pores have indeed 
been observed at atomic resolution for dimeric and tetrameric 
enzymes, With a transmembrane arrangement of the symmetry 
axis, a channel across the membrane could be formed in an 
oligomeric membrane protein (Fig. 3). Furthermore, this chan- 
nel might have a hydrophilic surface as in membrane proteins a 
hydrophilic subunit interface may be energetically more 
favoured in the formation of oligomers, in view of the hydro- 
phobic outer surface. 

It has been tempting to suppose that membrane-bound car- 
riers use the intersubunit channel as a translocation path for the 
substrate***? but experimental evidence in favour of such a 
model has only recently been obtained. The gated pore model 
was suggested from studies on the dimeric ADP/ATP carrier”, 
as will be discussed below. The alternative view has been that 
each subunit forms a separate channel. These channels could run 


either inside each subunit or at the interface (Fig. 3). However, 
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outside the symmetry axis, a priori, no straight path can be 
expected to occur. 

Experimental data from exchange type systems”? suggest an 
intersubunit translocation path. (This is rather surprising 
because a priori, a reciprocating or ‘flip-flop’ mechanism of the 
two subunits would be the more obvious.) Two cooperating 
parallel channels are required for the simultaneous release and 
uptake of the exchange molecules. A dimeric carrier seems to be 
an obvious choice for this although alternatively the exchange 
could function in a sequential manner, often denoted as a 
‘ping-pong’ mechanism. Each channel operates by facilitating, 
in turn, the uptake and release of a substrate molecule. The 
ping-pong performance is controlled by the gates in the channel. 
This exchange system differs from the unidirectional transport in 
that the gate can function only when the substrate is present. 
Either the common channel or the separate channels in a dimer 
could function by this process. Experimental evidence is largely 
in favour of this mechanism as opposed to the reciprocating 
model****, 


Binding sites and gates of the carrier 


The translocation apparatus requires, besides the channel, a 
binding site for the substrate and a closely linked gate. It is the 
study of the binding sites that has so far produced the most 
valuable information concerning carrier mechanisms, for it is the 
binding sites of carriers which determine the high specificity of 
transport. It becomes abundantly clear from specificity studies 
that the binding of the transported molecule immediately 
triggers the transport reactions, presumably by means of con- 
formation changes which open the channel gates. Substrate 
analogues or ‘inhibitors’ may bind with even higher affinity but 
have little or no triggering power. 

In dimeric carriers, the two binding sites may be separated 
(Fig. 3), in which case the separate translocation paths would be 
imbedded within the subunits. With a central channel, the 
binding sites would directly face each other at the C,-axis and as 
a result, binding of one ligand should prevent that of the other. 
In fact, as shown above, in several dimeric carriers, binding of 
ordy one substrate or inhibitor per dimer has been cbserved. 

The behaviour of some dimeric or tetrameric enzymes, in 
which negative cooperativity between the subunits controls 
binding and catalytic activity’**°, has been called ‘half-site’ 
reactivity’’*’. Is the observed ‘half-site’ binding of carriers due 
to a similar effect? If so, little would be gained for dimeric 
carriers with separate channels, except for a decrease in trans- 
port activity. However, for the counter-exchange, ‘half-site’ 
reactivity would have a purpose if it generated a reciprocating 
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Fig. 4 Alternative ‘gated pore’ models of membrane carriers. 

With a single central channel the binding centre opens either to the 

outside (e-side) or inside (i-side) primarily by repositioning of the 

two subunits. For separate channels the gating requires intra- 
subunit conformational change. 


transport, which would be analogous to the flip-flop activity 
elaborated in detail for some half-site enzymes’’. The two 
binding sites are directed to opposite membrane sides and thus 
alternate between binding and releasing substrate to opposite 
sides. A flip-flop model has been discussed in detail for the 
(Na*+K*)ATPase*®. Most of the evidence for (Na*+ 
K~)ATPase, however, is against counterflow and in favour of a 
sequential (Na* + K*)-exchange. 

In the central channel model half-site reactivity becomes a 
trivial sterical consequence as the two binding sites face each 
other. Binding of one substrate molecule would sterically 
prevent binding to the second site, particularly if the substrate is 
relatively large. As a result, functional asymmetry between both 
subunits is induced, which may further generate some con- 
formational asymmetry. 


The translocation process 


The actual translocation process can be accommodated by 
assuming an alternating gating of the channel around the bind- 
ing site such that the binding site is opened either to the internal 
surface of the membrane, when the carrier is said to be in the ‘i’ 
state, or to the external surface, when the carrier is in the ‘e’ 
state. In the case of an axial binding centre, the states are 
distinguished by a positional shift between the two subunits such 
that gates are closed or opened at the interface. With separate 
channels, a conformational change inside each subunit during 
the transition would be required and the gating can be thought of 
as being caused by positional shifts between the protein lobes 
around the channel or by discrete shifts of only one or two amino 
acid residues. 

Evidence at the molecular level for the two translocational 
states of the carrier was first deduced by studying the binding site 
of the ADP/ATP carrier”. The transition between the ʻe’ and ‘i’ 
state (in that instance, ‘c’ = cytosolic state and ‘m’ = matrix state) 
had a strict requirement for substrate binding and as predicted, 
the binding centre was shown never to face both sides of the 
membrane simultaneously. These conclusions were fully cor- 
roborated with the solubilized, purified ADP/ATP carrier”. 

The radical change in specificity for the inhibitors of the 
binding centre on the transition between the ‘c’ and ‘m’ state has 
been interpreted, as illustrated in Fig. 5, to reflect the existence 
of a fixed rather than a rotational carrier™*. With the former an 
asymmetric substrate should, on entering the binding centre 
from one side, interact with the protein through a different face 
than on leaving from the opposite side. By contrast, with a 
rotational carrier the relative position of substrate to carrier 
should not be changed; ina stationary carrier the binding surface 
of the protein state should differ from that in the ‘e’ state so that 
there is a drastic difference in specificity. That is precisely what is 
seen with the ADP/ATP carrier which specifically binds atrac- 
tylate in the ‘c’ state but bongkrekate in the ‘m’ state, whereas 
the affinity for the substrates remains largely unchanged“. 
Similarly, the glucose carrier in erythrocytes binds cytochalasin 
B only from inside®’ and binds various steroids asymmetrically 
from inside and out®’; the Na*-dependent glucose carrier has a 
different ordered binding sequence for Na” and glucose on the 
sides°’; and the (Na* +K*)ATPase exhibits affinity changes for 
Na” and K“ in the E, and E, state (although here the super- 
imposition of an ATP-driven transition complicates the same 
principle). 

The model of Fig. 5 requires that a single binding site changes 
its specificity between the ‘i’ and ‘e’ states of the carrier. Alter- 
natively there are two different binding sites in series along the 
channel, either axial or intrasubunit, with the substrate migrat- 
ing between the two sites (Fig. 4). The different specificity would 
then result from the dissimilar configuration of the ‘i’ and ‘e’ site 
located in dissimilar regions of protein. However, from a 
comparative viewpoint this seems improbable because enzymes 
generally contain only one binding centre per subunit, with 
second centres being regulatory. 

A configurational change in a binding site between the ‘i’ and 
ʻe’ state implies that a partially different set of amino acid 
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Fig. S The difference in flexibility of the binding centre in a 
rotational and fixed carrier®’. 


residues participates in the binding in the two states; the 
consequential change of affinity for the substrates could be 
beneficial in unidirectional transport. On the other hand, in 
counter-exchange, the binding affinities for the substrate would 
need to be well balanced, with energy-driven transport perhaps 
being achieved by a superimposed imbalance of the binding 
affinities in the two states. Evidence for the ADP/ATP carrier 
indicates that energy, as exerted by a membrane potential, does 


not change affinities but rather the distribution between the ‘i’ 


and ʻe’ states? 64, 


In trying to distinguish between the various models for trans- 
location shown in Fig. 4, perhaps the best evidence for several 
dimeric carriers is that they bind only one molecule of substrate 
or inhibitor. Although this is still compatible with the existence 
of two separate channels in which the second site is inhibited by 
negative cooperativity, it seems unlikely because it has not been 
possible to increase binding at the ADP/ATP carrier by abol- 
ishing negative cooperativity, for example by monomerization 
of the carrier. 

Another important observation is the conformational change 
on transition between the ‘i’ and ‘e’ state. This is most compati- 
ble with the central channel model where both subunits change 
conformation between the ‘i’ and ʻe’ state in parallel. More 
complicated assumptions must be made for the two-channel 
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model: conflicting cooperativity is required, a negative one to 
lock the other binding centre, and a positive one to synchronize 
the conformational transition between the binding and non- 
binding subunits. Furthermore, the reciprocating (flip-flop) 
model can be discounted because it requires that one subunit 
always exists in the ‘i’ state and the other in the ‘e’ state. 

Most of these constraints are abolished if there are indepen- 
dent separate channels. In that case both binding sites of dimeric 
carriers should be active. Evidence for that exists for the 
anion carrier of erythrocytes®’ and the galactoside carrier of 
Escherichia coli“ but has yet to be confirmed for the purified 
native protein. 

Dimeric membrane proteins with other than transport 
functions, such as cytochrome complexes in mitochondria, also 
seem to show half-site reactivity. For example, cytochrome b, 
being a dimer in the cytochrome bc, complex, reacts as if there 
are two different species of cytochrome b. An anti-cooperativity 
between two identical cytochrome b molecules has been 
invoked for an alternating H -pumping activity of cytochrome b 
in the redox cycle*’. A similar suggestion has been derived by 
Wikstrém™ for the cytochrome oxidase complex. Note, 
however, that another H*-pump, bacteriorhodopsin, seems to 
operate with independent channels in each subunit. This can be 
reconciled with the fact that interaction between bacterio- 
rhodopsin trimers in the hexagonal crystalline arrangement of 
the purple membrane is rather weak. 


Conclusions 


Oligomeric structures seem to be particularly well suited to 
integral membrane proteins which have carrier functions. The 
obvious role in transport of many integral proteins requires 
channels extending through the protein either along the n-fold 
axis or inside each subunit. The channels may be gated during 
each substrate turnover as in typical carrier-mediated transport. 
The catalytic binding centre in the channel of a number of 
dimeric carriers exhibits half-site reactivity which can be inter- 
preted either as negative cooperativity for separate channels or 
as sterical overlap in a common axial channel. Gating, as trig- 
gered by substrate binding, opens the site to the inside and 
outside, in turn. As a result the specificity of the carrier to 
inhibitor ligands is drastically changed in accordance with the 
direction in which transport is proceeding, for a stationary 
carrier. The parallel conformational change of both subunits 
between the ‘e’ and ‘i’ state, together with the half-site binding, 
can best be explained in terms of a single centre axial channel. 
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Editor’s Note: An article by Dr Jack Kyte of the University 
of California, San Diego, in which are presented some 


alternative views on the mechanistic role of membrane 
proteins in active transport, will be published shortly in 
Nature. 
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The ‘braided’ F-ring of Saturn 


Stanley F. Dermott 
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The larger of the two satellites which bound the F-ring of Saturn could have only one first-order resonance within the ring. If 
such a resonance exists, then a wave pattern of equally spaced loops which co-rotate with the satellite will be excited. This 


pattern could account for the braided appearance of the ring. 





GOLDREICH AND TREMAINE’ consider that particles in the 
narrow rings of Uranus are confined by tidal torques exerted on 
their orbits by small, unseen, satellites. The recent discovery by 
Voyager 1 of two small satellites, $13 and $14, which bound the 
narrow F-ring of Saturn’, seems to confirm this view. However, 
the structure of the F-ring is complex and quite unlike that of the 
e ring of Uranus. Some of the images of the F-ring show two 
bright rings which appear to be intertwined or braided. These 
two rings are closely associated with a third, but this is very 
diffuse (see Fig. 1)°. We show here how gravitational pertur- 
bation of the ring particle orbits by $13 and $14 may not only 
account for the confinement of the ring particles but may also 
explain some of the ‘braided’ structure of the F-ring. 


Tidal torques 


The tidal torque exerted on a narrow ring of particles of total 
mass m, by a nearby satellite of mass m can be estimated from 
the scattering angle 6 in Fig. 25 (ref. 4). 





2Gm 
~ xU” (1) 
where the relative velocity U is given by 
U = +3nx (2) 


G is the gravitational constant, n is the mean motion of the ring 
particles and x is the separation of the satellite and the ring. 
Since the tangential component of the relative velocity is 
reduced from U to U cos ô, angular momentum is exchanged 
with the net result that the ring experiences a torque 


2 
T= sS ni (3) 


The sign of the torque depends on whether the satellite is on the 
inside or the outside of the ring and is such that the satellites 
repel the ring particles’. 

If a ring is bounded by two satellites, then its width will be 


reduced until the confining torques just counteract the tendency 
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of the ring to spread due to particle collisions. The equilibrium 
width of the ring is 
3 if2 3/2 
wa @) G ® 


4 r m 


where M is the mass of the planet, r is the radius of the ring and d 
is the characteristic diameter of those particles which determine 
the spreading rate’. r is not simply the optical depth of the ring, 
this is always determined by the number density of the smaller 
particles, but the optical depth that the ring would have if all 
particles of diameter <d were removed. For the F-ring of Saturn 
40 = mn) m/M (12% =) m 


TP W /\9xK10° X 
(m/M ~9x 107° corresponds to a satellite of diameter 200 km 
and density 1.2 gcm™*.) If Goldreich and Tremaine are right, 
then the F-ring must have a substantial population of large 
particles. However, we consider that equation (3) may overes- 
timate the magnitudes of the confining torques. 

When the ring is in equilibrium, the torques due to the 
satellites must be equal and opposite, hence, from equation (3), 


(5) 


ay (6) 


where subscripts o and i refer to the outer and inner satellite 
respectively. For the purposes of this article, it is sufficient to 
assume that the satellites and the ring particles move in 
coplanar, circular orbits. 


Standing waves 


Because x « r, the gravitational force on a ring particle due toa 
satellite is only effective at close encounters. During encounter, 
a particle initially moving in a circular orbit, acquires a radial 
velocity U sin ô and thereafter moves in a keplerian ellipse of 
eccentricity 


(7) 
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Fig.1 This image, taken at a range of 750,000 km by Voyager 1, 

shows the highly complex structure of Saturn's F-ring. Two narrow 

‘braided’ bright rings that trace distinct orbits are evident. Visible is 

a broader, very diffuse component, about 35 km wide. Also seen 

are ‘knots’ which are probably local clumps of ring material, but 
may be small satellites. Image courtesy JPL/NASA. 


(see Fig. 2). A more accurate calculation by Julian and Toomre* 
shows that the coefficient in this equation is 2.24 and not 4/3. 

In a frame co-rotating with the perturbing satellite, all parti- 
cles initially moving in circular orbits must follow identical paths 
after encounter. Thus each satellite generates a standing wave of 
amplitude 


A=er (8) 
and wavelength 


27rU 

| =— = 3rx (9) 

n 
(see Fig. 2). In the inertial frame, each particle moves in an 
independent keplerian ellipse, but the pericentres of these 
elliptical orbits and the phases of the particles on the orbits are 
such that the locus of the particles is a sinusoidal wave which 
moves through the ring with the angular velocity of the perturb- 

ing satellite. 

Because the tidal torques on the ring are equal, it follows from 
equations (6) and (8) that the amplitudes of the two waves are 

equal. For the F-ring of Saturn 





m/M \/1,000 km\? = 
)( km (10) 


ane sa|; x 107°, 


X 
and may be comparable with the width of the ring ( W = 30 km) 
(ref. 3). The interaction of these two waves, which probably have 
quite different wavelengths, could produce novel phenomena 
such as beats. 


Resonance 


Because W « x, the perturbations of the ring particle orbits will 
be highly coherent and although particle collisions will act to 
damp the waves, the process may be slow (and for this reason the 
magnitude of the torque given by equation (3) may be an 
overestimate). If the waves can survive from one encounter to 
the next, then we must consider the possibility of resonance. 
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This will occur if the ring circumference is an integral number of 
wavelengths, that is, if 


5 


—=p+1 (11) 
3x á 
where p is an integer. Consecutive perturbations will then be in 
phase and a wave of amplitude significantly greater than A may 
result, 
The exact resonance condition can also be written 
n’ + 
a a or a (12) 
n p+tq p 


where n'is the mean motion of the perturbing satellite and q = 1 
for the type of resonance (first-order) that we are considering. 
As p can take any integral value =1, a large number of 
resonances may occur. These are separated by a radial distance 
s, where 


3x° 
s= 5 p (13) 
For the satellites which bound the F-ring, 
Xo ~ 2,500 km (14) 
x; ~ 800 km (15) 
(ref. 2). Hence 
x s 
— 68( a, k 16 
i 2,500 km i 1193 
and 
Xi > 
5,~7(—_) kin (17) 
800 km 


These two sets of resonances will have quite different strengths. 
The amplitudes of the waves generated by a single encounter 
will be equal, but the larger satellite, which must be more distant 


Outer satellite 


‘Ne 







Fi Inner satellite 






(b) 
op Outer satellite 


U 


iis no 
~xg — —— a — — 


U cos ò l 


Fig. 2 Confinement of a narrow ring by two small satellites’. a, 

Angular velocity decreases with increasing distance from the 

planet. Thus ring particles leading the outer satellite and lagging 

the inner satellite will be forced to move in eccentric orbits. Waves 

are excited which co-rotate with the perturbing satellite. b, The 

amplitude of the waves can be estimated from the scattering angle 6 
(ref. 2). 


456 


Nature Vol. 290 9 April 1981 





from the ring than the smaller satellite (see equation (6)), will 
have the larger relative velocity U and the time between 
encounters will be correspondingly shorter. Thus one would 
expect the resonances associated with the larger, outer satellite 
to dominate the structure of the ring. But these resonances are 
separated by a distance which is greater than the width of the 
ring. Thus, this satellite could have one, but only one, first-order 
resonance within the ring. The other possibility is that the width 
of the ring is <7 km, and that a single first-order resonance 
associated with the smaller satellite exists within the ring. 

For particles close to the exact resonance, the resonance 
condition is 


pn—(p+1)n'+a =0 (18) 


where @ is the pericentre of a ring particle orbit. If the particle is 
locked in resonance, and the forced eccentricity is small, then 
the pericentres of the ring particle orbits are not aligned, rather 
w, © and the mean longitude, or phase, are such that con- 
junctions of a particle and the satellite always occur at an apse of 
that particle’s orbit®. The magnitude of the forced eccentricity, 
in the absence of damping, is given by” 


oe OO (19) 
(p+1)n'— pn 


Thus e increases markedly as the exact resonance is approached. 
At the exact resonance, the phase of the response changes by 
180°. Similar behaviour is observed in any driven harmonic 
oscillator. For particles outside the exact resonance conjunction 
always occurs at apocentre, whereas for particles on the inside of 
the exact resonance conjunction always occurs at pericentre. 
Thus, the satellite excites a wave pattern of equally spaced loops 
which co-rotate with the perturbing satellite (see Fig. 3). 

If p is large, then the inside width W; of a loop, that is, the 
maximum width of the gap generated in the ring, is given by’ 


m 1/2 

W, = 2.9625) r (20) 
Thus, the effect of a given first-order resonance is determined 
solely by the mass of the perturbing satellite and is independent 
of both p and x. For the F-ring of Saturn, 


m/M yo 
9x10 x 





W, = 39( (21) 
The magnitude of this gap should be compared with the ampli- 
tude A of the short-period perturbations (see equation (10)). 
Two regimes can be clearly identified. If A > 1/2W4, then loop 
formation will be forever frustrated by the large perturbations 
suffered by the ring particles at each passage of the perturbing 
satellites. However, if 1/2W, > A, then loop formation is 
inevitable. 

From equations (10) and (20), it follows that for 1/2W,>A, 
we must have 








9x 1074 
p <56( m/M (22) 
OT 
M 1/4 
x> 1,700( = 5) km (23) 


Thus, provided that the perturbing satellite is not so distant that 
first-order resonance is not possible, that is, provided that 


n’ 


fe e e 


Ta {n'<n) (24) 


then the more distant the perturbing satellite the more likely is 
loop formation. However, if the unperturbed width of the ring is 
W, then the probability P that a first-order resonance will exist 


Satellite 
© 





Ring particle paths in frame 
co-rotating with the satellite 


Fig. 3 Ring particle paths in a frame co-rotating with the 
perturbing satellite. Resonant gravitational interactions at radii in 
the ring where the ratio of the satellite and ring particle mean 
motions are close to p/p +1), where p is an integer, generate a 
system of waves which are stationary in the rotating frame. The 
waves on opposite sides of the exact resonance have a phase 
difference of 180°, hence the resultant wave pattern consists of 
p+1 equally spaced loops. This could account for the braided 
appearance of the F-ring of Saturn. 


within the ring is given by 





W 2rw 
aans J 
s 3x? 2) 
and for the F-ring of Saturn, 
W 1,700 km\? 
pie o) 
30 km x (9) 


This suggests that loop formation is both possible and likely 
for satellites more distant than 1,700 km but not more distant 
than, say 5,000 km. According to early Voyager 1 reports’, 
S13 orbits 2,500 km outside the F-ring, thus I consider that it 
is this satellite which is responsible for the ‘braiding’ of the 
F-ring. 

Resonance is necessary to produce the bifurcation of particle 
orbits which is the essence of loop formation. The resonance 
need not be in the middle of the ring, in which case the two 
‘braids’ will not necessarily be of equal brightness. Also, the 
short-period perturbations will not be negligible and, if the 
satellite orbits are not perfectly coplanar with the mean ring 
plane, waves both in the plane and out of the plane will be 
continuously excited by these satellites. The passage of these 
waves through the loops will give rise to shock phenomena 
associated with close-packing of ring particles’ and, possibly, 
because the ring is probably just outside Roche’s limit for 
satellite formation, the formation of temporary particle clumps. 
Furthermore, because of these waves, the length and shape of 
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the loops will continuously change, and the structure of the ring, 
although periodic, will be highly complex and variable. 

This theory cannot account for the third, diffuse ring. Perhaps 
this ring consists of small (micrometre-sized) particles which are 
generated in the main ring by erosion due to sputtering and 
meteoroid impacts and then removed by electromagnetic forces. 

This article was inspired by comments from P. Goldreich and 
S. Tremaine during the Voyage 1 Saturn encounter. I thank C. 
D. Murray, R. Farouki and T. Gold for useful contributions. The 
data are from early Voyager Bulletin Mission Status Reports 
and I thank the Voyager Imaging Team (leader B. A. Smith) for 
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their generosity in releasing this information before their own 
publication, This research was supported by NSF grant 
AST 79164-74-A01. 
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Sequence and organization of the 
human mitochondrial genome 


S. Anderson, A. T. Bankier, B. G. Barrell, M. H. L. de Bruijn, A. R. Coulson, 
J. Drouin’, I. C. Eperon, D. P. Nierlich’, B. A. Roe’, F. Sanger, P. H. Schreier’, 
A. J. H. Smith, R. Staden & I. G. Young’ 


MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK 


The complete sequence of the 16,569-base pair human mitochondrial genome is presented. The genes for the 128 and 16S 
rRNAS, 22 tRNAs, cytochrome c oxidase subunits 1, II and HI, ATPase subunit 6, cytochrome b and eight other predicted 
protein coding genes have been located. The sequence shows extreme economy in that the genes have none or only a few 
noncoding bases between them, and in many cases the termination codons are not coded in the DNA but are created 


post-transcriptionally by polyadenylation of the mRNAs. 


MITOCHONDRIA have a separate autonomously replicating 
DNA genome (for a review see ref. 1). Although most of the 
proteins present in the mitochondrion are encoded by nuclear 
DNA, a few are coded for by mitochondrial (mt) DNA and are 
synthesized by the separate mt translation system. The rRNAs 
and tRNAs of this system are mitochondrially encoded and it is 
likely that the other components, although nuclear coded, are 
distinct from those in the cytoplasmic translation system. The 
enzymes specific for the unique mitochondrial transcription and 
replication processes are probably also nuclear coded. We have 
recently shown that mammalian mitochondria have a different 
genetic code*” as have other mitochondria systems that have 
been studied*”’, and a different decoding mechanism’”. 
Replication of mammalian mtDNA proceeds by initiation of 
heavy (H) strand synthesis at a specific origin’™™ resulting in the 
formation of a displacement (D) loop with a newly synthesized H 
strand of ~680 bases known as 7S DNA. In mouse cells a large 
proportion of mtDNA exists in the D-loop form but only a few 
of these nascent H strands grow to full length. Initiation of light 
(L) strand synthesis is at a specific origin’? and does not occur 
until this region has been exposed by H-strand synthesis. 
Transcription of mammalian mtDNA is also unique in that 
both strands seem to be completely transcribed from promoters 
situated in the D-loop region'*''*. These primary transcripts are 
then processed to give the 12S and 16S rRNAs, tRNAs and a 
number of presumptive mRNAs, which are not capped but are 
polyadenylated'*. The small size of the ribosomal RNAs, the 
chloramphenicol sensitivity of mitochondrial protein synthesis 
and the use of formyl-methionine in initiation of translation 


*Present addresses: Department of Biochemistry and Biophysics, 
School of Medicine, University of California, San Francisco, California 
94143, USA U.D.); Department of Microbiology, College of Letters 
and Science, University of California, Los Angeles, California 90024, 
USA (D.P.N.); Chemistry Department, Kent State University, Kent, 
Ohio 44242, USA (B.A.R.); Institut für Genetik der Universitat, 5 Koln 
41, Weyertal 121, FRG (P.H.S.); Department of Biochemistry, John 
Curtin School of Medical Research, Australian National University, PO 
Box 334, Canberra City, ACT 2601, Australia (LG.Y.). 
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have led to the suggestion that the mitochondrial genetic system 
arose by endosymbiosis of primitive bacteria within a host cell. 
The sequence of the rRNA genes, however, shows only low 
homology with present-day prokaryotic rRNAs’®. 

To understand this genetic system more fully we have deter- 
mined the complete DNA sequence of both the human and the 
bovine mitochondrial genomes. We report here the sequence of 
human mtDNA and an interpretation of this sequence in terms 
of its coding capacity, gene arrangement and gene expression. 
The bovine sequence will be published elsewhere. 

In the accompanying articles Ojala et al.” and Montoya et 
al.’ report the sequence analysis of the stable polyadenylated 
RNAs. The comparison of the DNA and RNA sequences 
reveals the unique nature of the precise transcript processing in 
mammalian mitochondria. 


Organization of the genome 


The DNA sequence is shown in Fig. 1 along with the predicted 
coding sequences. This is presented schematically in Fig. 2. The 
identification of the genes and their precise location in the DNA 
sequence are based on several unique features, the evidence for 
which is discussed below and in the accompanying articles’. 
The sequence shows extreme economy of organization in that 
there are none or very few noncoding bases between adjacent 
genes except for the D-loop region where we have been unable 
to assign any coding function. The sequence shown is that of the 
L strand which we define as the main coding strand containing 
the sense sequence of the rRNAs and most of the tRNAs and 
mRNAs. Thus, these RNAs are transcribed from (and therefore 
hybridize to) the H strand. 


Origins of DNA replication 


The 4’ end of the major 7S DNA species found in the D-loop of 
HeLa cell mtDNA”? corresponds to nucleotide 191 of the DNA 
sequence. Other human 7S DNA species having different 5’ 
ends have also been reported''’*°, but the precise location of 
these termini in the sequence presented here is not known. The 
size of the 7S DNA (<680 nucleotides) and mapping data‘°'?° 
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Table 1 Human mitochondrial genetic code 








Phe UUU 77 Ser 32 
UUC 141 99 

Leu UUA 73 83 
UUG 16 7 

Leu 65 Pro 41 
167 119 

276 52 

45 7 

lle AUU 125 Thr 51 
AUC 196 155 

Met AUA 167 133 
AUG 40 10 

Val GUU 30 Ala 43 
GUC 49 124 

GUA 70 80 

GUG 18 8 


Tyr UAU 46 Cys UGU 5 
UAC 89 UGC 17 
Ter UAA - Trp UGA 93 
UAG - UGG 11 
His CAU 18 Arg CGU 7 
CAC 79 CGC 25 
Gin CAA 81 CGA 29 
CAG 9 CGG 2 
Asn AAU 33 Ser AGU 14 
AAC 131 AGC 39 
Lys AAA 85 Ter AGA - 
AAG 10 AGG ~ 
Asp GAU 15 Gly GGU 24 
GAC 51 GGC 88 
Glu GAA 64 GGA 67 
| GAG 24 GGG 34 





The genetic code of human mtDNA differs from the universal code in that UGA codes for tryptophan and not termination, AUA codes for methionine not isoleucine, and 
AGA and AGG are termination rather than arginine codons. In addition, AUA and possibly AUU are initiation codons as well as AUG. Boxes of four codons are each read 
by asingle tRNA with U in the first position of the anticodon; boxes of two codons are read by tRNAs with G:U wobble anticodons. The number of methionyl tRNAs and 
their codon response are unclear and discussed in the text. Also shown are the total number of each amino acid codon found in the genes and predicted genes shown in Figs 1 
and 2, Codons ending in A and C predominate (36.37 and 40.93%, respectively) and those ending in U and G are used less frequently (16.33 and 6.36%, respectively). 


indicate that the 7S DNA, and presumably the D-loop, do not 
extend into the tRNA’ gene. Although H-strand synthesis 
during replication initiates in the D-loop region, data from 
mouse cell mitochondria indicate that most of the 7S DNA 
molecules do not participate in DNA replication but rather are 
synthesized and then rapidly lost from the D-loop’’. 

The ~1,100-base pair region of the human mitochondrial 
genome between the tRNA” and tRNA*™ genes contains no 
large open reading frames in either strand. Furthermore, except 
for a small 7S RNA“, no large stable polyadenylated transcript 
has been found to map in this region. Unless RNA splicing is 
invoked it is extremely unlikely that this part of the genome 
codes for a major protein species. In the region covered by the 
D-loop, several blocks of nucleotide sequence homology exist 
between the human, bovine (S.A. etal., unpublished results) and 
rat mitochondrial genomes*’. However, the DNA separating 
these blocks is rather variable in length and exhibits no 
significant homology. The region between the 5’ end of the 7S 
DNA and the tRNA’ gene seems to be one of the least 
conserved regions of the entire genome. This was initially 
detected by electron microscopy of heteroduplexes of sheep and 
goat mtDNAs” and has been confirmed by the DNA sequence 
comparisons. Very little sequence homology between the 
human, rat?” or bovine mitochondrial genomes can be detected 
in this region. The size of the region also seems to vary much 


more than do intergenic spaces in other parts of the mtDNA, 
being 385 nucleotides in the human placenta, 291 nucleotides in 
rat liver and (based on alignment with the human and rat 
sequence) ~189 nucleotides in beef heart. This region may 
contain control signals for transcription of the mitochondrial 
genome. 

L-strand synthesis during mtDNA replication initiates two- 
thirds of the way around the genome from the region of H- 
strand synthesis’*. In mouse cell mitochondria the DNA 
sequence immediately surrounding the L-strand origin is a 
simple inverted repeat that may form a hairpin loop structure 
when the L-strand origin is exposed by H-strand displacement 
synthesis during DNA replication’’. An analogous and highly 
homologous presumptive L-strand origin exists in the human 
mtDNA sequence (nucleotides 5,730-5,763) within a cluster of 
five tRNA genes. Interestingly, the differences between the 
human and mouse inverted repeats occur symmetrically, so that 
if secondary structure did exist, full base-pairing in the stem 
region would be maintained. 


Ribosomal RNA genes 


Eperon et al.'° were able to align the DNA sequence with the 
sequences of the 5’ ends '*”° of the 12S and 16S rRNAs and to 
show that there were no noncoding bases between the tRNA™" 
gene and the 12S rRNA gene, and between the tRNA“ gene 


Fig.1 The DNA sequence of human mitochondria (pages 459-461}. The sequence of the L strand is numbered arbitrarily from the Mbo1-5/7 boundary” in the 
D-loop region. The sequence is displayed using the program TRANMT of Staden (unpublished) and shows the position of the genes for the tRNAs (boxed) and the 
rRNAs (underlined). The unidentified reading frames (URF 1-6) and identified protein coding genes are translated into the one-letter amino acid code (termination 
codons are denoted by an asterisk). The genes for cytochrome c oxidase subunits I-III] are abbreviated COI-IH and cyt b denotes the gene for cytochrome b. Which 
strand contains the sense sequence of the genes is denoted by -> {L strand) and +~ {H strand). The ends of the presumptive mRNAs transcribed from the H strand as 
determined by RNA sequence analysis’’'* are also shown below the sequence. The 5’ end of the nascent H-strand (‘78’) DNA found in the D-loop is at nucleotide 
191 (ref. 10). The origin of L-strand synthesis during DNA replication’? is indicated by overlining of the possible base-pairing regions. The DNA sequence was 
derived mainly from a single human placenta mtDNA preparetion®® but some regions were determined on HeLa cell mtDNA. Restriction enzyme fragments of 
placental mtDNA were cloned in pBR322°°. Single-stranded template DNA was prepared by the exonuclease IH procedure and by cloning in bacteriophage M13 
(refs 38-61), The DNA sequence was determined by the chain termination method of Sanger et al.***. The sequence was analysed using the computer programs of 
Staden (refs 31, 55, 64 and unpublished). Nucleotides 10, 934-5, 14,272 and 14,365 were ambiguous and their identity assumed to be the same as in the bovine 
mtDNA sequence (S.A., M.H.L.B., A.R.C., LCE., F.S., LG.Y., unpublished). The base composition of the L strand is 24.7% T, 31.2% C, 30.9% A and 13.1% G. 
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and the 16S rRNA gene. However, the 3’ ends of the rRNA 
genes could only be predicted to be very close to the 5’ ends of 
the flanking tRNA‘ and tRNA‘ genes. It has since been 
shown that the mouse small subunit rRNA gene abuts the 3’ 
tRNA” gene’? and alignment of a hamster large subunit 
rRNA sequence with the murine gene sequence suggests that 
there are also no noncoding bases between the large subunit 
rRNA gene and the 3’ tRNA‘ gene”, Thus, the 12S rRNA and 
16S rRNA and the flanking tRNAs in a primary transcript could 
be released by cleavage precisely at the 5° and 3’ ends of the 
tRNAs without the need for further processing. 

The high concentration of nascent transcripts from this region 
of the genome has led to the suggestion that there is a tran- 


scription attenuator in this region’’. This is supported by the 


observation that the hamster large subunit rRNA ends and is 
polyadenylated at any of four nucleotides within the last five 
nucleotides of the gene”, which contrasts with the precise 
termini of the 12S rRNA and mRNAs?” which are presumed 
to be generated by processing of a primary transcript. It is 
possible that the 12S rRNA is also adenylated at the 3’ terminus 
after transcription and processing: a single addition has been 
proposed for the hamster small subunit rRNA by comparison 
with the murine gene sequence”’. 

The sequences of the rRNA genes were interpreted to provide 
support for a model in which mt ribosomes did not have 
sequence-dependent signals for recognition of the correct initi- 
ation codon but rather initiated at the first initiation cocon in the 
mRNA”, This is consistent with the known 5'-end sequences of 
the mRNAs” although not with the observation of single tran- 
scripts covering the URF A6L/ATPase 6 and URF 4L/URF 4 
reading frames (Fig. 2) if the expected proteins are expressed. 


The tRNA genes 


Twenty-two tRNA genes have been identified in the human 
mtDNA sequence either by visual inspection or using the pro- 
gram TRNA”. Equivalent genes have been located in the 
bovine mtDNA sequence and most of these have been 
confirmed by direct sequencing of bovine mitochondrial tRNAs 
(B. A. Roe, E. Y. Chen, P. W. Armstrong and J. F. E. Wong, 
unpublished). We have been unable to substantiate a previous 
report" which tentatively identified a gene for tRNA™". Apart 
from the tRNAM*, these 22 tRNAs are sufficient to read all 
codons using a mechanism unique to mitochondrial systems’. 
No mammalian mt tRNAs have been shown to be imported 
from the cytoplasm (ref. 32 and B. A. Roe and E. Y. Chen, 
unpublished results). It had previously been assumed that the 
minimum number of tRNAs required to read all codoms would 
be 32 for the ‘universal’ genetic code using G:U or 1: A/C/U 
wobble*’. In human mitochondria the tRNAs for the two-codon 
families, that is, those genetic code boxes with two codons for 
one amino acid, have G:U wobble anticodons. However, only 
one tRNA is found for each of the four-codon families? (see 
Table 1). These tRNAs have a U in the first position of the 
anticodon although each must read all four codons in its respec- 
tive family. This is probably accomplished by U:N wobble®, 
although a two-out-of-three mechanism might operate’. 
Although the modification pattern of the U in the first position 
of the anticodon of mammalian mt tRNAs is now known, it is 
likely that a similar situation exists to that found in Neurospora 
mitochondria’, whereby the tRNAs for the four-codon families 
have an unmodified U, but when the U is required for reading 
the two-codon families it is modified. This modification 
presumably prevents such tRNAs from reading codons ending 
in U or C. 

Two species of mammalian mt methionyl tRNAs have been 
identified, a tRNA; and a tRNAM* (refs 32, 35). Hybridiza- 
tion of these tRNAs to mtDNA showed partial aGditivity, 
indicating the existence of two separate genes”. In the DNA 
sequences we have only been able to identify one tRNA™ gene, 
presumably coding for the initiator tRNA, based on its anti- 
codon sequence CAT and the close homology of its anticodon 
arm with other initiator tRNAs (see ref. 36). The tRNA anti- 
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codon sequence CAU shouid normally be specific for AUG but 
as discussed below we believe that AUA and possibly AUU are 
also initiation codons in mammalian mitochondria. To recognize 
AUA (and AUU?) as well as AUG, the C in the first position of 
the anticodon would probably have to be modified. The AUA- 
specific tRNA” of Escherichia coli and of bacteriophage T4 
have modified C residues in the first position of the anti- 
codon*’”*, and hence represent examples of specific recognition 
of AUA by atRNA with a CAU anticodon. Although potential 
tRNA like structures are found in the human and bovine 
sequences, none of these is particularly convincing nor are they 
conserved in the corresponding sequence. Also, extensive 
sequence analysis of the bovine mt tRNAs has not revealed any 
candidate for a tRNAN* (B. A. Roe, E. Y. Chen, P. W. 
Armstrong and J. F. H. Wong, personal communication). If the 
gene exists in the mt genome it may have an unusual structure 
that is preventing its detection, for example, like that of 
tRNA XSu/c which completely lacks the D arm”. The other 
possibility is that one gene can give rise to both atRNA™ and a 
tRNA" by differential modification, although the hybridiza- 
tion data of Aujame and Freeman” suggest otherwise. We are 
at present trying to clarify this problem by hybridization of 
labelled methionyl tRNA to restriction fragments of mtDNA. 

The sequences of the mammalian mt tRNAs are unusual in 
that all, except tRNA Gür, lack some or all of the following 
features found in other tRNAs: (1) the universal sequence 
G-T-~-C-R-A, (2) the constant seven-base length of the 
‘TyC’ loop which in mammalian mt tRNAs varies between 
three and nine bases, and (3) the constant bases A44, G4; and 
GigGyo and the connections with Us and Uys (yeast tRNA?" 
numbering system, see ref. 40). Thus, the mt tRNAs are 
apparently stabilized by fewer tertiary interactions. The most 
extreme case is that of tRNA%Gu,c, which lacks the D arm”. 
Also, considering the similarity of homologous cytoplasmic 
tRNA species from different animals it is surprising that 
substantial variations are found when specific tRNAs from 
human and bovine mitochondria are compared. A compilation 
and comparison of these tRNAs will be published elsewhere. 
These missing or different tertiary interactions may mean that 
the mammalian mitochondrial tRNAs have more freedom than 
cytoplasmic tRNAs to evolve in certain areas, perhaps reflecting 
a different interaction with the ribosome. The role of the tRNAs 
in processing of the primary transcript is discussed below. 





Table 2 Characteristics of human mt genes and comparison with 
bovine mt genes 





% Amino Initiation and 
acid termination codons 
Protein Molecular conser- 

Gene length weight vation Human Bovine 
URF1 318 35,600 75.79 ATA $ ATG * 
URF? 347 38,900 62.82 ATT h ATA * 
COI 513 57,000 91.23 ATG AGA ATG TAA 
Col 227 25,500 72.69 ATG TAG ATG TAA 


URF A6L 68 7,900 51.52 ATG TAG? ATG TAA? 
ATPase 6 226 24,800 77.88 ATG k ATG ” 


Com 261 30,000 86.97 ATG * ATG ý 
URF3 115 13,200 73.91 ATA aj ATA a 

URF 4L 98 10,700 73.47 ATG TAA? ATG TAA? 
URF4 459 51,400 74.07 ATG 7 ATG ä 
URFS 603 66,600 69.49 ATA TAA ATA TAA 
URF6 174 18,600 


62.64 ATG AGG ATG TAA 
Cytochrome 6 380 42,700 78.10 ATG - ATG AGA 
mmaa rena a r a 

The predicted length and molecular weight of the expected products of the 
human mt genes and unidentified reading frames were calculated from the DNA 
sequence using the computer programs of Staden (ref. 55 and unpublished results). 
Also shown is the percentage identical amino acids conserved between the human 
and bovine sequences calculated using the program AACHAN (R. Staden, 
unpublished). The predicted initiation and termination codons of the human and 
bovine genes are shown; * indicates that the termination codon is created post- 
transcriptionally by polyadenylation (see text). 


Protein coding genes 


Thirteen significant reading frames have been identified in the 
human mtDNA sequence, of which five have been assigned to 
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SR am ee a Nee nae rtp reenact cale al ye 


Fig.2 Organization of the genome. A schematic repre- 
sentation of the sequence shown in Fig. 1. The tRNA 
genes are identified by the one-letter amino acid code L 
and their sense sequence by either — (L strand) or —(H 
strand), Unidentified reading frames 1-5 (URF1-5) 
_ and the identified protein genes for cytochrome c oxi- 
dase subunits I-II (COI-IID, ATPase 6 and cyto- 
chrome 6 (cyt b) all have their sense sequence on the L 
strand; URF6, however, is H-strand coded. The number 
of noncoding bases between genes is given below the 
junctions of the genes. A minus number denotes an 
overlap and an asterisk indicates that there are no 
noncoding bases at that point and that the termination 
codon for the preceding gene is created in the mRNA by 
polyadenylation (see text). The numbered RNAs are the 
presumptive mRNAs transcribed from the H strand 
which were aligned with the DNA sequence by hybri- 
dization to restriction fragments and by sequence 
analysis of their Y and 3° ends (see accompanying 
articles'’'* for a more detailed transcription map show- 
ing the positions of the L-strand transcripts and the 
precursors to the H-strand transcripts), 
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L strand gruan 


& ATPase 6 
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known mitochondrially synthesized proteins. Only reading 
frames of at least 40 amino acids conserved with at least 50% 
amino acid homology in the bovine sequence were considered. 
The gene for cytochrome c oxidase subunit I (COI) was 
identified from an N-terminal amino acid sequence of the bovine 
protein (J. E. Walker, personal communication) and confirmed 
by comparison with the yeast mt COI gene. COII was identified 
from the complete amino acid sequence of the bovine protein’ 
and COIH by homology with the yeast gene** and by an N- 
terminal sequence of the bovine protein (G. Buse, personal 
communication). The genes for ATPase 6 and cytochrome b 
were identified by homology with the corresponding yeast 
genes*’** and also by amino acid sequences of bovine cytoch- 
rome $ (W. Machleidt, personal communication). We have 
found no homology between the bovine amino acid sequence of 
ATPase 9 (E. Wachter, personal communication) and any of the 
reading frames, so that, as in Neurospora*”, this protein must be 
nuclear coded; in yeast it is mitochondrially coded***”, 

In regions representing identified genes the respective human 
and bovine sequences are highly homologous. As shown in 
Table 2, there is ~80% amino acid conservation, which is 5% 
higher than the nucleotide conservation, reflecting the 
degeneracy of the genetic code. Over half the codons for the 
conserved amino acids are different in the third (degenerate) 
position or, in the case of the leucine codons UUR and CUN, in 
the first and third positions. 

We have found eight unidentified reading frames (URFs) that 
are conserved in human and bovine mtDNA. On average, these 
show ~70% nucleotide and amino acid conservation (Table 2), 
again with approximately half of the conserved amino acids 
having changed codons. This type of homology is unlikely to 
have occurred by chance: for example, if the reading frames are 
compared out of phase in the +1 and +2 frames, the amino acid 
homology, including all the termination codons, is 35.4% and 
the percentage of conserved amino acids with changed codons 
drops to 4.5%. Therefore, we believe that most, if not all, of 
these reading frames represent genes for mammalian mito- 
chondrial proteins. Further evidence in support of this is pro- 
vided by the mapping and sequence analysis of the poly- 
adenylated presumptive mRNAs reported in the accompanying 
articles'’’*. These RNAs correspond exactly to the reading 
frames of URF1, URF2, COI, COI, URF A6L and ATPase 6, 
CONT, URF3, URF 4L and URF4, URFS and the antisense of 
URF6, and cytochrome b as shown in Figs 1 and 2. In addition, 
there are large L-strand transcripts covering the H-strand- 
coded URF6, and the number and sizes of these reading frames 
are in fairly good agreement with the band pattern obtained by 


* 
| 


gel electrophoresis of HeLa cell mt proteins produced in the 
presence of emetine, an inhibitor of cytoplasmic protein 
synthesis (J. E. Walker, personal communication). 

Two of the H-strand transcripts contain more than one read- 
ing frame, RNA14 (URF A6L and ATPase 6) and RNA7 
(URF 4L and URF4). These present an anomaly and it is not 
known whether the reading frames are separated by a further 
processing event of these RNAs. The same organization is found 
in bovine mtDNA, making it unlikely that the breaks in the 
reading frames are due to sequence errors. A possible explana- 
tion is that these frames contain short intervening sequences 
which, when excised, leave only a single reading frame. 
However, using nuclease S, protein experiments, Ojala et al.** 
found no evidence for intervening sequences in the mtDNA 
regions coding for the polyadenylated RNAs. 


Initiation codons 


Although all the identified genes (except ATPase 6) and some of 
the URFs have an AUG initiation codon within the first six bases 
of their mRNA start, others do not. The first ATG in bovine 
URF? is 320 codons downstream from the RNA start in a 
reading frame of 347 codons. Also, in human and bovine URF3 
the first AUG is, respectively, 89 and 87 codons downstream ina 
reading frame of 115 codons. Ignoring the cases of ATPase 6 
and URF4, which are the second reading frames in their 
presumptive mRNAs, and also the case of human URF2, which 
is discussed separately below, all reading frames that do not have 
an AUG near the 5’ end of the RNAs have an AUA in an 
equivalent position. Thus, if these reading frames are translated 
completely, as their homology suggests they are, AUA must 
function as an initiation codon as well as AUG. AUA has 
already been shown to code for internal methionine as well as 
AUG’”. In the case of human URF2 there is an AUU in the 
same position as the AUA in bovine URF2. Thus, to translate 
completely this reading frame we must argue that, like AUA, 
AUU can also be an initiation codon in mitochondrial genes. 


Termination of translation 


Over half of the presumptive mRNAs do not have UAA or 
UAG termination codons at the end of the reading frame 
(Table 2). In three cases, human COI and URF6 and bovine 
cytochrome b, termination probably occurs at AGA and AGG 
codons. These have been predicted to be termination codons 
and not arginine codons as in the universal genetic code’. This is 
based on the observation that only CGN arginine codons are 
used in all the reading frames, and AGA and AGG are only 
found at the ends of reading frames at the junction with the next 
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URF 1 T AA RNa" 
URE? TAG RNa? 
URF 3 TIG RNa’ 
URF 4 TIT tRNA 
Cyt b T [aG tRNA” 
col TAC tRNA” 
ATPase 6 TAIATG CO 
| 
Transcribe Cleave and polyadenyiate 
t 
URF 1 AAAA, 
URE 2 UAAI|AAA, 
URF 3 UA AIA AA, 
URF 4 UA AIA A A, 
Cyt b . UA AIA A An 
con U AAJA A A, 
AT Passeg UA AJA AAA, 


Fig. 3 The transcriptional processing and polyadenylation model for 
termination of translation. 


gene or where the reading frame continues into the next gene. 
Also, no gene coding for atRNA that could translate the codons 
AGA/G has been found. Finally, the composition of a C- 
terminal peptide fragment of bovine cytochrome b (W. 
Machleidt, personal communication) agrees with the prediction 
from the DNA sequence that this gene terminates in AGA. 
To explain the lack of termination codons in most of the 
reading frames, we have proposed a model for the post-tran- 
scriptional creation of UAA termination codons in the 
mRNAs’*’. This model was based on the observation that if the 
tRNAs were precisely cleaved out of a primary transcript by an 
RNase P type enzyme(s)*’*’, mRNAs from those reading 
frames with no termination codon would be left with either a U 
or UA at their 3’ ends in phase with the reading frame. Thus, if 
these RNAs were then polyadenylated, a UAA termination 
codon would be created in-phase as shown in Fig. 3. Ojala et 
al.’’, in the accompanying article, have confirmed this hypoth- 
esis by sequence analysis of the 3’ ends of these mRNAs. This 
mechanism also provides the termination codon for ATPase 6. 
ATPase 6 and COII have overlapping termination and initia- 
tion codons, that is UAAUG, and because the cleavage site is 
between the two A residues’? the termination codon is 
destroyed by RNA processing of the primary transcript (Figs 
1, 2). However, as there is no tRNA gene in this region, the 
signal in the RNA sequence for processing is not known. 


Transcriptional processing 


As discussed above, comparisons of the human DNA sequence 
with the polyadenylated RNA sequences’ ”’* confirm the earlier 
predictions that the tRNA coding regions are involved in 
processing of the primary transcripts'*'°*?°?**. It is now clear 
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that in the case of L-strand-coded tRNA genes the H-strand 
transcript is cleaved precisely at the 5’ and 3’ termini of the 
tRNA genes. Cleavage also seems to occur where the H-strand 
transcript has antisense, that is, H-strand-coded, tRNA genes. 
For example, cleavage of the H-strand transcript occurs 
between the antisense tRNA“ gene and the cytochrome b gene 
(see Figs 1, 2). In both cases the cleavage point is a few bases 
downstream from the antisense tRNA gene. An additional 
cleavage point is between the ATPase 6 and COII genes, where 
there is no known tRNA structure. Thus, except for this latter 
case it is reasonable to assume that in the primary H-strand 
transcript L-strand-coded tRNA sequences can fold up and be 
recognized by an RNase P-like activity. Antisense (H-strand- 
coded) tRNA coding regions also seem to be recognized by the 
RNA processing enzymes, although cleavage points have only 
been found on the 3’ side. With the exception the 12S rRNA and 
the tRNAs, the RNAs are then polyadenylated as discussed 
above; the tRNAs are matured by addition of CCA at their 3' 
terminus. At some stage base modification of the rRNAs and 
tRNAs must also occur. It is likely that the H-strand-coded 
genes in the L-strand primary transcript are similarly processed 
but this has been less well studied. 


Mitochondrial origins 


In conclusion, it is now clear that the mammalian mitochondrial 
genetic system cannot generally be classified as either prokary- 
ote-like or eukaryote-like. The mammalian mt genetic code is 
different from the so-called universal genetic code and is read in 
a unique fashion by a minimal set of mitochondrial tRNAs. The 
mt tRNAs generally lack a number of features previously found 
to be invariant among tRNAs from all other sources, and the 
mammalian mt rRNAs have distinctive structures only distantly 
related to all previously determined rRNA sequences’®. 
Similarly, the economy with which the large initial mitochon- 
drial H-strand transcripts seem to be processed is unprece- 
dented. It is also striking that mammalian mitochondria are very 
different from other mitochondria. In yeast mitochondria, for 
example, not only is there a slightly different genetic code, but 
also, the genes are widely spaced and in a different order, and in 
some cases they contain intervening sequences****. These radi- 
cal differences make it difficult to draw conclusions regarding 
mitochondrial evolution. Some form of endosymbiosis, involv- 
ing the colonization of a primitive eukaryotic cell by a respiring 
bacteria-like organism, is an attractive hypothesis to explain the 
origins of mitochondria. However, the endosymbiont may have 
been no more closely related to current prokaryotes than to 
eukaryotes. It must also be borne in mind when making 
comparisons that the mechanism of selection and the selective 
pressures experienced by a captive cellular organelle may be 
guite different from those that affect a free-living organism. 
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Distinctive features of the 5’-terminal sequences 
of the human mitochondrial mRNAs 
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The $'-end proximal sequences of all the putative mRNAs coded for by the heavy strand of HeLa cell mitochondrial DNA 
have been determined and aligned with the DNA sequence. All these mRNAs start directly at, or very near to, an AUG or 
AUA triplet, with the exception of one which starts at an AUU. The available evidence indicates that the terminal or 
subterminal AUGs and AUAs, and possibly also the terminal AUU, are initiator codons for the corresponding 
polypeptides. In most cases, the individual mRNA coding sequences are flanked on their 5' side by a tRNA gene, without 


any intervening nucleotide. 
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RECENT sequence analysis of human mitochondrial DNA 
(mtDNA) has revealed an extremely high degree of packing of 
genetic information in this DNA (ref. 1 and accompanying paper 
(ref. 26)}. In agreement with these observations, a detailed 
transcription mapping study of HeLa cell mtDNA by the S, 
protection technique has shown that the sequences of the heavy 
(FD strand are almost completely saturated by the rRNAs, 
poly(A}-containing RNAs and tRNAs coded for by this 
strand’. A particularly intriguing feature of the human mito- 
chondrial gene organization is the frequent juxtaposition, or 
close proximity, of the individual protein-coding sequences, on 
their 5’ side, with a tRNA gene or another reading frame. Thus, 
the gene for subunit H of cytochrome c oxidase (COI) has been 
shown to be immediately contiguous to a tRNA“* gene without 
any intervening nucleotide’. This unusual gene organization has 
raised the question of whether these putative mitochondrial 
mRNAs have, as all eukaryotic mRNA so far analysed’, a 5’ 
non-coding stretch, which may thus overlap the contiguous 
tRNA gene or reading frame, or whether they lack completely a 
leader sequence on their 5’ side. 

As a first approach to this question, the 5’-end proximal 
region of the putative COU mRNA has recently been sequenced 
and the sequence thus determined, aligned with the COI gene 
sequence’. The results clearly showed that the 5‘ end of the COHN 
mRNA corresponds precisely with the first nucleotide of the 
COI coding sequence. These experiments left open the ques- 
tion of whether the complete lack of 5‘ non-coding nucleotides is 
a general feature of human mitochondrial mRNAs, reflecting 
stringent constraints in the initiation of mitochondrial protein 
synthesis or specific rules of RNA processing, or whether, on the 
contrary, the position of the initiator codon relative to the 5’ end 
may vary in different mRNAs, possibly depending on the posi- 
tion of the adjacent tRNA gene or reading frame. We report 
here information bearing on these questions, obtained by 
sequencing a 5’-end proximal segment of all the H strand-coded, 
polysome-associated, poly(A)-containing RNAs, which are 





presumably specific mRNAs, and by aligning the RNA 
sequences with the mtDNA sequence. 


Isolation and 5’-end labelling of 


mitochondrial mRNAs 


To isolate HeLa cell mitochondrial poly(A)-containing RNAs in 
adequate amounts for sequencing analysis, the micrococcal 
nuclease procedure for the purification of mitochondrial RNA? 
was scaled up as previously described’. Figure la shows the 
electrophoretic pattern in a 1.4% agarose-CH,HgOH slab gel, 
after ethidium bromide staining, of a large-scale preparation of 
mitochondrial oligo(dT)-bound RNA from micrococcal 
nuclease-treated organelles (from ~ 30 g of cells). One clearly 
recognizes the characteristic set of components previously 


Table 1 5’-Terminal nucleotide analysis of in vitro labelled 
mitochondrial poly(A)-containing RNA species 
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Poly(A)-containing % Of total ”P radioactivity* 


RNA species AMP CMP GMP UMP 
S 52.5 8.1 27.6 Li? 

7 43.8 2:1 7.8 47.1 

9 12.4 0.9 2.0 4.5 

1] 81.1 3.0 10.2 5.5 

12 78.9 R3 12.7 5.9 

13 81.4 2.4 10.0 6.0 

l4 91.0 3.1 22 3.5 

is 95.9 0.3 1.6 2.1 

17 To 2.5 6.4 {7.2 


The 5'-terminal nucleotide was determined by exhaustive digestion of 
the in vitro labelled RNAs with nuclease P, (ref. 12, Calbiochem) and 
fractionation of the products on polyethyleneimine impregnated-cellu- 
lose TLC plates, as previously described®, 

* The values refer to the radioactivity which migrated from the origin. 
The % of the input radioactivity recovered from the origin varied 
between 0.1 and 5%. 
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Fig. 1 Isolation and 5’-end labelling of mitochondrial poly(A)- 
containing RNA species. Lane a, electrophoretic pattern after 
ethidium bromide staining of the oligo(dT)-bound mitochondrial 
RNA fraction from 30 gof HeLa cells run through a 1.4% agarose- 
CH,HgOH slab gel. Lanes b and c, RNA species 13 was eluted 
from several gel tracks similar to those shown in lane a, treated with 
RNase-free DNase and re-run on a gel in the same conditions (b), 
then eluted again, labelled at its 5’ end with [y-**PJATP and 
polynucleotide kinase after bacterial alkaline phosphatase treat- 
ment and re-run (c). Lanes d and e, re-run of RNA species 14 plus 
15 (d) or 7 plus 9 (e) on 2% agarose-CH;HgOH gels after elution 
from the gel track shown in lane a and treatment with DNase. 
Large-scale preparation of mitochondrial RNA by the micrococcal 
nuclease procedure’, subsequent isolation and fractionation by 
1.4% agarose-CH,HgOH slab gel electrophoresis of the 
oligo(dT)-cellulose-bound RNA, elution, DNase treatment and 
re-run on agarose~-CH,HgOH slab gels of the individual 
components’, and 5’ end labelling of the purified RNA species“ 
were as previously reported. 


detected in **P-jabelled preparations from HeLa cells’, with the 
exception of RNA species 1, which is extremely short-lived and 
present in mitochondria in very small amounts'"'''. Because of 
their relative abundance, their enrichment in partially purified 
polysomal structures” and their relatively long half life’? "', 
RNA species 5, 7, 9 and 11-17 in this set are probably specific 
mitochondrial mRNAs. Correlation of RNA sequence data, or 
of reading frames in mtDNA, with protein sequence data and 
with genetically characterized yeast gene sequences strongly 
supports the mRNA nature of several of these species’”. 
However, no direct in vitro demonstration of the messenger 
activity of these RNAs is available yet. Each of the putative 
mRNAs was eluted from the gel, treated with RNase-free 
DNase (to eliminate any contaminating DNA fragments deriv- 
ing from the micrococcal nuclease treatment of the crude mito- 
chondrial fraction) and re-run on a gel in the same conditions. 
As shown in Fig. 1b for RNA 13, a sharp band was observed at 
the expected position, and the RNA in this band was eluted. 
RNAs 7 and 9, and also RNAs 14 and 15, which were not 
separated from each other in the first electrophoretic run, could 
be resolved in a re-run ona 2% agarose~-CH,HgOH gel (Fig. ld, 
e). Material purified as described above, from 40-250 g of cells, 
depending on the RNA species, was finally labelled at its 5’ end 
with [y-*°-P]ATP and polynucleotide kinase after dephos- 
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phorylation with bacterial alkaline phosphatase, re-run on a 
CH,HgOH-agarose gel (Fig. ic) and eluted for the sequencing 
reactions. 


RNA sequence analysis 


The 5’ termini of the isolated in vitro labelled RNA species were 
characterized first. As shown in Table 1, the distribution of 
radioactivity among the 5’ mononucleotides indicated the 
adequate degree of purity of all the RNA species, with the 
exception of RNAs 5 and 7. RNA 5, which was the least 
abundant RNA species analysed, had slightly more than half of 
its radioactivity associated with pA, whereas RNA 7 seemed to 
consist of two components approximately equal in amount, one 
terminating in pA and the other in pU. 

Sequencing of the 5’ end proximal segments of the poly(A)- 
containing RNAs was performed by the methods of Donis- 
Keller etal. and Simoncsits et al.'*, using cleavage of the RNAs 
by RNases T, (G-specific), A (C+U-specific) and U, (A- 
specific), followed by electrophoresis on polyacrylamide/urea 
gels*. The essential features of these RNA sequencing methods, 
which had been previously reported”*'*:'", were also observed 
here (Figs 2, 3, 4). RNases T, and U, were found to cleave 
regularly and exclusively after G and A, although with varying 
efficiency, probably depending on the surrounding sequence. 
RNase A cleaved exclusively after pyrimidines, but, as described 
previously, failed to cleave after some, especially when these 
were part of pyrimidine stretches. Accordingly, the absence of a 
band in any given position, after digestion with RNase A or U, 
or T,, was tentatively interpreted as reflecting the presence at 
that position of a pyrimidine if the data indicated that this 
putative pyrimidine was part of a stretch of pyrimidines (two or 
more); in such a situation, the slowest moving among the 
pyrimidine-terminated oligonucleotides corresponding to the 
pyrimidine stretch was always clearly visible, with one or more 
of the other products being sometimes visible as fainter bands. 

In most cases, a single band was observed at any given ladder 
position in the gel track, supporting the idea that a predominant 
RNA species was being analysed. In some cases, however, a 
definitely weaker band was observed at the same position as the 
predominant band, and disregarded as a contaminant (these 
weaker bands were often also present in the untreated RNA 
control). In a few cases, no band was seen in any of the lanes at a 
position corresponding to a ladder step, or two bands of 
comparable intensity were observed at the same position; in 
these cases, no conclusive identification was made. 

Interpretation of the results was complicated by the presence 
of extra bands in the gel pattern, especially in the region 
corresponding to the smaller oligonucleotides. These extra 
bands were in general less strong than the bona fide specific 
RNase cleavage products. Because of this and because they did 
not correspond with bands visible in the ladder or corresponded 
with obviously abnormal steps of the ladder, these extra bands 
could usually be recognized as spurious. The nature of these 
extra bands is not clear. They may be due to the presence during 
the 5’-end-labelling reaction of contaminating RNA species or 
DNA fragments (deriving from DNA degradation during the 
DNase treatment step) in the RNA preparation, or they could 
reflect the formation, during the enzymatic or chemical cleavage 
of the RNA, of oligonucleotides with different phosphate end- 
groups (2’, 3'-cyclic phosphate, 2’ and 3’ phosphate). The latter 
explanation seems the most likely to account for the fact that, in 
some sequencing analyses (RNAs 5, 7 and 17), both the specific 
RNase cleavage products and the chemical cleavage products 
gave doublets instead of single bands. 

In each experiment, an untreated RNA sample was run in 
parallel with the RNase or chemically treated samples. Usually 
this control ('-Enz’) did not show bands or exhibited them only in 
the region of the larger oligonucleotides. 

The interpretation of the sequence of RNA 7 (Fig. 4) offered 
some difficulties because of the repetition of each band at the 
next position in the ladder. A similar observation had been made 
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Fig.2 Sequencing gels of mitochondrial poly(A)-containing RNA species 13, 12 and 9, a, b, RNA 13,25% polyacrylamide /urea gel. Shown at 
the top of the gel are the cleavage specificities: RNase A (C + U), alkaline ladder (L a), RNase U, (A), RNase T, (G) and RNA incubated without 
enzyme (~Enz). Y indicates a pyrimidine band. c, d, RNA 12, digested and analysed as indicated for RNA 13. The two left lanes inc show the 
digests obtained with decreasing amounts of RNase A. Lp indicates a formamide ladder. The horizontal ticks without a letter desi gnation indicate 
ladder positions for which no nucleotide assignment has been made. e-g, RNA 9, digested as indicated for RNA 13 and analysed on a 25% (e, f) 
or, for the sequencing of residues from ~ 20 to 60, a 10% (g) polyacrylamide/urea gel. Details of the base-specific enzymatic cleavage 
reactions ”'*"" and the conditions of electrophoretric analysis”* are described elsewhere. In some experiments, to visualize a pyrimidine band in 
the first or second position of the sequence, the amount of RNase A used (per ~ 30 ng RNA and 3 yg yeast tRNA carrier) was increased to 20 n g. 


previously for 12S rRNA” and interpreted to reflect the exis- 
tence of two species of 12S rRNA differing in molecular size by 
one nucleotide at the 5’end. With RNA 7, in agreement with the 
P, digestion data (Table 1), analysis of the sequencing gel 
showed that it could be interpreted as resulting from the elec- 
trophoretic separation of the products of RNase digestion of two 
species, one starting with AUG and the other with UG; 
comparison with the DNA sequence (see below) confirmed the 
validity of this interpretation. RNA 5 is present in HeLa cells in 
minute amounts, and only a partial purification could be 
obtained even after two electrophoretic runs through 
CH;HgOH-agarose slab gels, as revealed by the P, digestion 
data (Table 1). Therefore, only partial sequence data could be 
obtained for this RNA species. However, we could identify with 
reasonable confidence the first two nucleotides (AY), the sixth 
(Y) and the ninth (G) (not shown). 


Most mRNAs start at or very near an AUG 
or AUA triplet 


Using the criteria described above, a stretch of 10-54 nucleo- 
tides, depending on the RNA species, could be read in the 
sequence of all the poly(A)-containing RNAs analysed here 
(except RNA 5). The sequences thus obtained are shown in Fig. 
5; the corresponding DNA sequences (refs 4, 15 and 26 
(accompanying paper)) are also reported to show their perfect 
alignment with the RNA sequences. Comparison of the RNA 





and DNA sequences clearly indicates that all the AYG and 
AYA triplets underlined in the RNA sequences are indeed 
AUG and AUA codons. The partial sequence data for RNA 5 
are consistent with the first triplet being an AUA. Thus, the 
striking results of this analysis are that, with one possible 
exception (RNA 12), all the putative human mitochondrial 
mRNAs start directly with an AUG or AUA triplet (which is a 
methionine codon in human mitochondria') or have a few 
nucleotides (1-3) preceding the first AUG or AUA. Sequencing 
data of human’ and bovine cytochrome c oxidase subunits | 
(COI) and II'* and comparison with the sequences of the yeast 
cytochrome b (A. Tzagoloff, personal communication) and 
cytochrome c oxidase subunit HI (COIII)"’ genes have indicated 
that the first AUGs of RNA 9 (COI mRNA), RNA 16 (COTI 
mRNA), RNA 15 (COII mRNA) and RNA 11 (cytochrome 4 
mRNA) are initiator codons for the corresponding poly- 
peptides. Thus, it seems reasonable to extrapolate from these 
results and interpret the 5’-proximakAUGs of the other mRNAs 
likewise as initiator codons. The mtDNA sequencing data 
suggest that AUA may function as an initiator codon in human 
mitochondria‘, and the data presented here support this. If the 
first AUA of RNA 13 is indeed the initiator codon, then, with 
the exception of RNA 12, all putative mitochondrial mRNAs 
have the initiator codon within the first six nucleotides. RNA 12 
may also follow this rule. In fact, in bovine mtDNA, the first 
triplet of the reading frame corresponding to RNA 12 is AUA, 
instead of AUU as in human mtDNA; this observation sugges- 
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Fig.3 Sequencing gels of mitochondrial poly(A)-containing RNA species 14, 15 and 17. a, b, RNA 14, 25% polyacrylamide/urea gel. c, d, 
RNA 15, digested as shown for RNA 14, and analysed on a 25% (cj) ora 10% (d) polyacrylamide /urea gel. e, f, RNA 17, digested and analysed as 
described for RNA 14. 


ted that AUU may function as initiator codon for the poly- 
peptide coded for by RNA 12 (ref. 1). If the 5’-end hetero- 
geneity observed in RNA 7 is an in vivo phenomenon, and nota 
consequence of degradation during the preparation and in vitro 
labelling of the RNA, and if the molecules starting with UG also 
function as mRNAs, the first initiator codon which could be used 
in these molecules would be the AUA occurring 14-nucleotides 
downstream from the 5' end. 


How do ribosomes attach to mitochondrial 
mRNAs? 


The finding that most mitochondrial mRNAs either start 
directly at the initiator codon or have only a few nucleotides 
(1-8) preceding this codon poses interesting questions concern- 
ing the mechanism whereby mitochondrial ribosomes attach 
themselves to these messengers. Both in eukaryotic and pro- 
karyotic mRNAs, there is a stretch of variable length preceding 
the initiator codon*®. In prokaryotic mRNAs there is good 
evidence that this stretch contains a ribosome-binding site, 
which includes a properly positioned sequence complementary 
to the 3’ end of 16S rRNA'*'”. A single exception to this rule is 
that of the A repressor MRNA involved in repressor main- 
tenance, which starts directly at the translation initiator codon””. 
In this case, the low efficiency of translation of the mRNA was 
attributed to the lack of a strong ribosome-binding site. The 
observation that, in the 5‘ non-coding region of some eukaryotic 
mRNAs, there is considerable complementarity with a purine- 





rich sequence near the 3’ end of 18S rRNA® has suggested 
that specific mRNA-rRNA base pairing may also help the 
positioning of eukaryotic ribosomes on the mRNAs; how- 
ever, the variability in the position of the pyrimidine-rich 
sequence within the mRNA molecules and even the lack of 
these sequences in some mRNAs questions the generality 
of this mechanism’. 

Sequencing analysis of a variety of eukaryotic (cellular and 
viral) mRNAs has shown that in most, if not all these mRNAs, 
translation starts at the AUG closest to the 5’ end, apparently 
independently of the length of the 5’ non-coding region (varying 
in the known cases between 11 and over 200 nucleotides) and of 
its nucleotide sequence®”'. No minimum distance between the 
initiator codon and 5’ end of the mRNA, which would allow 
proper initiation, has yet been defined for cellular or viral 
mRNAs; however, in the case of Sindbis virus RNA, there is 
evidence suggesting that the AUG immediately adjacent to the 
cap? is not used for initiation®; this would imply that cytoplas- 
mic ribosomes cannot recognize an initiator codon in such a 
location. To explain why initiation of translation is limited to the 
most 5’-proximal AUG, a ‘scanning’ mechanism has been pro- 
posed, whereby a 40S ribosomal subunit would attach initially 
to the 5S’ end of an RNA chain and subsequently migrate towards 
the interior of the RNA, stopping when the first AUG is 
encountered; at this point the 60S subunit would join and 
translation start. In this model, the cap structure would enhance 
the binding of the 40S subunits to the 5’ end of the mRNA, but 
would not be required. It is interesting that HeLa cell, and in 
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Fig. 4 Sequencing gels of mitochondrial 
poly(A)-containing RNA species 7 and 11. 
a,b, RNA 7, 25% polyacrylamide/urea gel. 
The capital and lower case letters indicate, 
respectively, the nucleotide assignments of 
the presumptively longer RNA species and 
of a species differing from this one by the 
lack of the 5'-terminal nucleotide at the 
time of labelling. c-e, RNA 11, digested 
as indicated for RNA 7, and analysed 
on a 25% (e, d) or a 10% (e) poly- 
acrylamide/urea gel. 
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general, presumably mammalian, mitochondrial mRNAs are 
not capped’?. 

The terminal or subterminal position of the initiator codon in 
human mitochondrial mRNAs may eliminate the need for a 
scanning process, at least an extensive one. A plausible 
mechanism wouid involve attachment of the ribosome at or near 
the 5’ end of the mRNA with recognition of the initiator codon 
either directly or after a fine adjustment. The secondary struc- 
ture of mitochondrial mRNAs may be such that it would exclude 
all internal sites containing AUG or AUA codons, exposing 
only the terminal or subterminal one. It is also conceivable that 
the special features of mammalian mitochondrial ribosomes or 
some initiation factor would make the ribosomes suitable for 
recognizing the terminal or subterminal initiator codons. 
Analysis of the potential secondary structures of human mito- 
chondrial mRNAs and binding studies with mitochondrial or 
other ribosomes should elucidate the mechanisms operating in 
the initiation of translation in human mitochondria. 


The 5’ ends of most mRNA coding sequences 
are immediately adjacent to tRNA genes 


The complete absence or minimal length of the 5’ non-coding 
stretch in human mitochondrial mRNAs may represent the 
vestige of a primitive organization, or may reflect, with other 
traits (for example, the relatively small size of the rRNA and 
tRNA species), an evolutionary trend to simplicity and economy 
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tRNA punctuation model of RNA processing 


in human mitochondria 
Deanna Ojala, Julio Montoya & Giuseppe Attardi 


Division of Biology, California Institute of Technology, Pasadena, California 91125, USA 


A 3'-end proximal segment of most of the putative mRNAs encoded in the heavy strand of HeLa cell mtDNA has been 
partially sequenced and aligned with the DNA sequence. In all cases, the 3’-end nucleotide of the individual mRNA coding 
sequences has been found to be immediately contiguous to a tRNA gene or another mRNA coding sequence. These and 
previous results indicate that the heavy (H) strand sequences coding for the rRNA, poly(A)-containing RNA and tRNA 
species form a continuum extending over almost the entire length of this strand. We propose that the H strand is transcribed 
into a single polycistronic RNA molecule, which is processed later into mature species by precise endonucleolytic cleavages 


which occur, in most cases, immediately before and after a tRNA sequence. 


RECENT transcription mapping analysis of HeLa cell mito- 
chondrial DNA (mtDNA) has revealed that the H-strand 
sequences specifying the rRNA and poly(A)-containing RNA 
species (which are probably specific mRNAs or their precursors) 
are flanked on one side, and often on both sides, by a tRNA 
gene’ (Fig. 1). In agreement with these observations, the 
alignment with the mtDNA sequence (refs 3-5 and 37) of a 
5'-end proximal sequence of all H strand-coded putative 
mRNAs has shown that the sequences complementary to these 
mRNAs are almost always immediately adjacent, without any 
intervening nucleotide, to a tRNA gene or an mRNA coding 
sequence’ 
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Here, we report that each of the eight mRNAs analysed is 
immediately contiguous, on its 3’ side, to a tRNA gene or an 
mRNA coding sequence. On the basis of these and previous 
results’*°*, we propose a model of H-strand gene expression 
which involves transcription of almost the entire length of this 
strand in the form of a single polycistronic RNA molecule and its 
subsequent processing directed by the tRNA sequences. 


Isolation and 3’-end sequencing analysis of 
mitochondrial mRNAs 


The putative mRNAs were isolated from the poly(A)-contain- 
ing RNA fraction of micrococcal nuclease-treated mitochondria 
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Fig. 1 Transcription map © = 20 40 
of HeLa cell mtDNA. 6 l ; l 


The two mtDNA strands 

have been linearized at 

the origin of replication 

(0). The position and iden- 

tities of the tRNA genes 

on the H strand (@) and 
onthe L strand (O) were |8 
sequence (refs 16 and 

37). The solid and hatched 

bars indicate the H-strand 

and L-strand transcripts, 
respectively; numbers 

refer to the various Phe vol 
poly(A -containing RNA i 
species according to the ji 
classification of Amalricet © 
al.” . The upper and lower 
arrows indicate the direc- 

tion of L- and H-strand ESES 
transcription, respec- 
tively. kbp, Kilobase pairs. 
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by electrophoresis through an agarose-CH,HgOH slab gel, 
elution of the individual species from the gel, treatment with 
RNase-free DNase and re-run of each species on a separate gel 
of the same type, as described elsewhere’. 

Partial sequence analysis of the mRNAs was carried out by an 
adaptation of the minus sequencing method using ‘phased’ oligo 
(dT) primers and reverse transcriptase’”’'’, as described in Fig. 2 
legend. In the transcriptase reaction, labelled primers and 
unlabelled dNTPs'' were used rather than unlabelled primers 
and [a-**P]dNTPs, as in the usual procedures; in the latter 
approach, the probable presence of contaminating oligonucleo- 
tides resulting from the DNase treatment (which could function 
as primers) was expected to complicate considerably the inter- 

-pretation of the results. 

To determine the correct primer to be used with the RNA 
being investigated (and thus the identity of the nucleotide 
adjacent to the poly(A) tail) each of three 5’-end-labelled 
primers [p(dT),-dA, p(dT)g-dC and p(dT),-dG] was tested for 
its ability to prime cDNA synthesis using the RNA as a template. 
As shown previously”’’’, the presence of a specific nucleotide at 
the 3’ end of the oligo(dT) stretch ensured that only the primer 
molecules hybridized with the RNA in phase (that is, those 
base-paired with the eight most 5’-proximal residues of the 
poly(A) tail and the first nucleotide on the 5’ side of this tail) 
would promote extension synthesis by the reverse transcriptase. 
The band pattern formed by the products of this synthesis 
showed a highly variable intensity of the individual bands, and 
was very typical and highly reproducible for each RNA, thus 
providing a diagnostic test of a positive result; only limited 
extension synthesis was observed when the two other, non- 
specific primers were tested with the same RNA. 

The correct oligo(dT)-dN primer identified for each RNA was 
incubated with the corresponding RNA, dNTPs and reverse 
transcriptase in four incubation mixtures, each lacking one of 
the four dNTPs. Figure 2 shows representative results obtained 
with some of the various putative mRNAs analysed. In general, 
in each ‘minus’ reaction mixture, a prominent band can be 
observed which corresponds to a specific ladder position. This 
band represents the oligo(dT) primer extended by the reverse 
transcriptase up to the position preceding, in the cDNA 
sequence, the nucleotide missing from the reaction mixture. For 
example, in the experiment using RNA 13, the ‘~A’ lane shows 
a band at ladder position 15, the ‘—C’ lane a band at position 25, 
and the ‘—T’ lane a band at position 11. Therefore, the identities 
of the nucleotides at positions 16, 26 and 12 in the cDNA can be 
interpreted as A, C and T, respectively, and those of the 
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corresponding nucleotides in the RNA template U, G and A. 
The ‘—-G’ lane shows no band above the primer, which indicates 
the presence of a C residue at the position in the RNA sequence 
corresponding to step 10 of the ladder. The other RNA species 
gave results similar to those obtained for RNA 13. However, in 
some cases, an unambiguous identification of the stop positions 
corresponding to all four nucleotides could not be made. In 
particular, RNA 12 did not produce the expected band at 
position 10. Recent experiments suggest that this is probably 
due to the melting of the short extended primer (10 nucleotides 
long, comprising Ts and As) from the RNA template during the 
chromatography step. In the case of RNA 7, the strong signal 
from the band of the primer (position 9) prevented the recog- 
nition of the band at position 10, In these cases, a positive 
identification could not be made for position 10 or 11 in the 
cDNA. A faint second band was observed in some cases at a 
position higher up than that of the first band (see the ‘—G’ lane 
for RNA 12 and the ‘~A’ lane for RNA 16). This second band 
was tentatively interpreted to be due to partial readthrough by 
the transcriptase past the first stop position (presumably because 
of the presence of contaminating nucleotides in the reaction 
mixture) and arrest at the next stop position dictated by the 
sequence. In some experiments, multiple prominent bands were 
observed in an individual lane at positions below the stop band; 
these generally correlated with prominent ladder bands (for 
example, the ‘-C’ lane for RNA 12), and were interpreted as 
reflecting pauses in the transcriptase progression, as previously 
observed'’, and were thus disregarded. 


mRNA coding sequences are immediately 
adjacent at their 3’ end to tRNA 
genes or other mRNA coding sequences 


The partial sequencing data determined for the 3'-end proximal 
segments of the putative mRNAs are shown in Fig. 3. The 
corresponding DNA sequences (refs 3-5 and 37) are also repor- 
ted to show their alignment with the nucleotides identified in the 
RNAs. Our experimental data allowed unambiguous matching 
of the RNA and DNA sequences. The only discrepancy obser- 
ved is at a residue in RNA 11 corresponding to ladder position 
13, where A was found instead of G. This may reflect a sequence 
difference between human placenta mtDNA (used for DNA 
sequencing) and HeLa mtDNA ; such sequence differences have 
been previously observed at other positions’. It is interesting 
that the base substitution mentioned above does not change the 
codon assignment at that position (tryptophan). It is clear from 
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oligo(dT) primers and 
poly(A)-containing RNAs 
13, 12, 9 and 16. Partial 
sequence analysis of the 
3'-end proximal segment 
of each RNA species was 
done by an adaptation of 
the ‘minus’ sequencing 
method using ‘phased’ 
oligo(dT) primers and 
reverse transcriptase” 
which will be described in 
detail elsewhere. Briefly, 
the p(dT)g-dA, p(dT)g-dC 
and p(dT)g-dG primers 
were 5’-end labelled with 
[y- P]ATP (8,000 Ci 
mmol’) and T4 poly- 
nucleotide kinase, after 
dephosphorylation with 
bacterial alkaline phos- 
phatase, then run on a 
15% polyacrylamide slab gel in Tris-borate-EDTA. After autoradiography, the band corresponding to nonanucleotides i in each lane, which 
contained most of the radioactivity, was eluted; the final specific activity of the labelled primers was 5-10 x 107c. p.m. pg `. To determine the 
nucleotide adjacent to the poly(A) tail in the RNAs to be analysed, each RNA species (0.05-0.10 pmol) was mixed at 4 °C with a 100-fold molar 
excess of each of the 5’-end-labelled primers and 50 mM of each of the four dNTPs in 20 yz] of of 0.05 M Tris, pH 8.0 (25 °C), 0.05 M KCI, 0.005 
M MgCl, and 0.01 M dithiothreitol. After addition of AMV reverse transcriptase (4 U}, the reaction mixtures were incubated for 3 min at 39 °C. 
In some experiments, to facilitate the hybridization of the primer with the RNA, the mixtures were incubated for 5 min at 75 °C and then cooled 
for 15 min at 4 °C, before addition of the reverse transcriptase; however, no difference in results was observed. After stopping the reaction by 
cooling and addition of 0.01 M EDTA, the reaction products were precipitated with ethanol in the presence of 0.3 M NaCl and carrier yeast 
tRNA, the precipitates washed with ethanol, dissolved in 0.001 M Tris-EDTA, mixed with an equal volume of 10 M urea, heated for 2 min at 
90°C, then run on a thin (0.5 mm) 10% polyacrylamide/7 M urea sequencing gel for 3.5 h at 1,000 V. The correct oligo(dT) primer for each 
RNA, identified from the electrophoretic pattern of the products (see text: p(dT)g-dA for RNAs 13 and 12, p(dT).-dG for RNAs 9 and 16), was 
incubated as described above with the corresponding RNA, dNTPs and reverse transcriptase in four reaction mixtures, each lacking one of the 
four dNTPs. In addition, a ‘ladder’ (L) reaction was performed in which all the four dNTPs were present. After stopping the reaction by quick 
cooling and addition of EDTA, excess primer was separated from the RNA-DNA hybrid by passage through a Sephadex G50 column 
equilibrated with 0.3 M NaCl, 0.01 M Tris, pH 7.4, in the presence of yeast tRNA carrier. The material in the void volume was 
ethanol-precipitated and then run on a 10% polyacrylamide/7 M urea sequencing gel. Arrows indicate the bands interpreted as corresponding to 
stop positions in the reverse transcriptase reaction. The numbering of the ladder steps indicates the molecular length (number of nucleotides) of 





the extended primers, starting from the 5’-end nucleotide. 


Fig. 3 that the most 3'-proximal nucleotide identified directly in 
the RNA sequence either corresponds in the DNA to a residue 
immediately adjacent to the 5' end of a tRNA gene (RNAs 12, 
16, 15, 7 and 11), or is separated from it by one to three As 
(RNAs 13 and 9). The most 3'-end proximal nucleotide 
identified in RNA 14 corresponds in the DNA to a residue 
separated by one A from the initiator codon (AUG) of the 
flanking RNA 15 coding sequence. Our experimental approach 
to the 3’-end sequence analysis did not allow discrimination 
between any 3’-terminal A encoded in the DNA and the As of 
the poly(A) tail. However, as in most of the mRNAs analysed, 
the most 3’-proximal nucleotide different from A corresponds to 
a nucleotide in the DNA immediately contiguous to a tRNA 
gene, it seems reasonable to extrapolate from these results and 
to assume that, in the other mRNA also, where one to three As 
separate this nucleotide from a tRNA gene or an mRNA coding 
sequence, these As are similarly transcribed from the DNA. 
Comparison of the 3’-end proximal sequence of the small 
mitochondrial rRNA from hamster cells’* with the sequence of 
the corresponding segment of the human 12S rRNA gene‘ 
shows a high degree of homology, with the most 3'-proximal 
nucleotide of the hamster RNA missing in the human mtDNA 
sequence which just precedes the tRNA” gene (Fig. 3). There- 
fore, it seems very likely that, as in mouse mtDNA“, the human 
12S rRNA gene extends to the tRNA“ gene, thus following the 
same rule described for the mRNA coding sequences. No direct 
information about the 3’-end proximal sequence of human 16S 
rRNA is available; however, comparison of the length of this 
RNA determined from S, protection data (~ 1,600 nucleotide) 
with the length of the interval between the tRNA and the 
tRNA" genes (1,559 nucleotides)“ strongly suggests that the 3’ 


end of the 16S rRNA corresponds to a residue in DNA 
immediately adjacent, or very close, to the tRNA‘ gene. 

In view of the exceedingly small amount of material available, 
no 3’-end sequence information was obtained for either RNA 5 
or 17. However, the almost perfect correspondence between the 
molecular size of RNA 17, as estimated from S, protection data 
(340 nucleotides), and the length of the DNA sequence between 
tRNA°” and tRNA*® (346 nucleotides)’, and the previously 
demonstrated juxtaposition of the tRNA®” gene with the 5’ end 
of the RNA 17 coding sequence’ strongly suggest that the 3’ end 
of the sequence specifying RNA 17 is immediately adjacent to 
the tRNA*"™ gene. Similarly, the mapping contiguity of the 
sequences coding for RNAs 5 and 11 (ref. 2) probably reflects 
their immediate juxtaposition at the nucleotide level. 


Most mitochondrial mRNAs terminate 
with U or UA 


Most of the 3’-end proximal sequences of the mitochondrial 
mRNAs terminate with U or UA (Fig. 3). The significance of this 
observation has been clarified by the analysis of the human 
mtDNA sequence (refs 16 and 37). It has been found that many 
reading frames, including those corresponding to the mRNAs 
mentioned above, lack a stop codon, and that, in these cases, a T 
or TA follows the last sense codon and immediately precedes a 
tRNA gene or another reading frame. This observation has led 
to the suggestion that poly(A) addition to the 3'-terminal U or 
UA of the transcripts of these reading frames may create the 
missing stop codon. The 3’-end proximal sequences determined 
here for the mitochondrial mRNAs strongly support this model 
for polypeptide chain termination in human mitochondria. The 
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reading frames corresponding to RNAs 9 and 16 have stop 
codons AGA and UAG, respectively*’ (AGA is probably a stop 
codon in human mitochondria’’). The observation that in these 
mRNAs there is a 3’ noncoding stretch extending to the 5’ end of 
the flanking tRNA gene indicates that, as in the case of the 5’ 
terminus of the human mitochondrial mRNAs’, the rule dictat- 
ing the possible presence and length of a 3'-end segment flanking 
the polypeptide coding sequence is the position of the tRNA 
genes in the DNA sequence. 


The tRNA punctuation model of H-strand 
gene expression 


The sequence data discussed above and in the accompanying 
paper’ and the results of previous work*® indicate that the 
H-strand sequences coding for the rRNAs, poly(A)-containing 
RNAs and tRNAs are immediately contiguous to each other, 
extending continuously from coordinate 2/100 to coordinate 
95/100 (relative to the origin 0/100), This arrangement is 
consistent with a model of transcription of the H strand in the 
form of a single molecule which is processed by precise 
endonucleolytic .cleavages before and after each tRNA 
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sequence to yield the mature products or, in some cases, 
processing intermediates, like the putative precursor of the 
rRNAs (RNA 4) and the precursor of RNA 9 (ref, 2). 

Recent work has indicated a concentration of H-strand 
nascent transcripts in the quadrant of the mtDNA Hpall map 
which is adjacent to the origin of replication in the direction of 
H-strand transcription’® (Fig. 4a). These results strongly 
suggest that the region of mtDNA around the origin of repli- 
cation contains an initiation site for H-strand transcription— 
such a site may thus represent the promoter of the single 
transcript postulated here. Furthermore, the failure to detect 
any giant-size H-strand transcripts either associated with tran- 
scription complexes’ or as discrete species”””, in contrast to the 
occurrence of discrete giant-size L-strand transcripts, points to 
the possibility that the processing of the H-strand transcripts 
proceeds while they still reside on the mtDNA transcription 
complexes. These results taken together support a model in 
which transcription of the H strand starts near the origin of 
replication and proceeds uninterruptedly at least up to the distal 
end of the D-loop, while the growing chains are processed to 
yield the mature rRNAs, poly(A)-containing RNAs and tRNAs 
(Fig. 4b). 


> CGTATTTACCCTATAGCACCCCCTCTACCCCCTCTAGAGCCEACTGTAAA 
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Fig. 4 Proposed model for mtDNA H-strand transcription. a, 
Distribution in the mtDNA H strand of the hybrids formed with 
rascent RNA chains isolated from transcription complexes 
(modified from ref. 18), Each tick marks the position in the HpaI 
map (not shown) of one end of each hybrid, while the other end is 
arbitrarily localized at the closest, origin-proximal HpaI site; long 
and short ticks refer to abundant and rare hybrids, respectively. 6, 
Diagrammatic representation of the processing of nascent mito- 
chondrial RNA chains in the transcription complexes: @, tRNA 
gene; O, mature tRNA. 


In the processing of the primary transcripts, the secondary 
structure of the tRNA sequences may represent the main 
recognition signal, providing the punctuation in the reading of 
mtDNA information’. In fact, these sequences may acquire a 
clover-leaf configuration while they are still a part of the nascent 
transcripts, and the processing enzyme(s) may recognize this 
structure or a portion of it. It is interesting that the Escherichia 
coli RNase P***? and a similar in vitro enzymatic activity from 
Bombyx mori** catalyse, in the tRNA precursors, precise 
endonucleolytic cleavages at the 5’ terminus of the mature 
tRNAs, while the production of the 3’ terminus of mature 
tRNAs in E. coli™” and B. mori” involves a 3' > 5’ exonuclease 
activity, following an endonucleolytic event at some distance 
from the 3’ end. There is good evidence to indicate that the 
RNase P recognizes some aspect of the structural conformation 
of the tRNA rather than the nucleotide sequence at its cleavage 
sites in the tRNA precursors’°”’. It is possible that two enzy- 
matic activities analogous to RNase P, but with different 
specificities for the 5’ and 3’ terminus of the tRNAs, are involved 
in the processing of the H-strand primary transcripts in human 
mitochondria. 

There are a few processing sites in the H-strand transcripts 
where no tRNA sequences have been found (see Fig. 1)—at such 
positions, it is conceivable that the processing enzyme(s) recog- 
nizes, On one or the other side of the cleavage point, a stem-and- 
loop structure resembling a portion of a tRNA configuration. 


Polyadenylation occurs at endonucleolytic 
cleavage sites of primary transcripts 


One interesting observation is that all the RNA species other 
than tRNAs which derive from the primary processing of the 
nascent H-strand transcripts are polyadenylated. This suggests 
that polyadenylation may be linked in some way to the process- 
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ing step that releases the 3’ end of these RNA products from the 
flanking tRNA sequences, independently of the functional role 
of the products. This interpretation may account for the poly- 
adenylation of the presumptive rRNA precursor’**. The small 
fraction of 16S rRNA which binds to oligo(dT)-cellulose*”” 
probably represents incompletely processed 165 rRNA mole- 
cules with residual poly(A) tails. It is interesting to note that, in 
nuclear RNA (both cellular and viral), addition of poly(A) to the 
3’ ends is a rapid event which seems to precede splicing’””™*’; 
furthermore, at least in most of the transcripts in adenovirus 2 
and SV40 infection, the acceptor sites for polyadenylation are 
generated by endonucleolytic cleavages of larger primary tran- 
s cripts?™?”?, 


Implications for mitochondrial RNA 
metabolism 


A recent estimation of the steady-state amounts of the mito- 
chondrial mature RNA species has indicated that the molar 
amount of 12S rRNA is about 60 times higher than that of the 
most abundant mRNA, RNA 16, with moderate variations in 
the amounts of the different H strand-coded mRNAs”. 
Because the half life of the 12S rRNA is only 2-5 times longer 
than that of the mRNAs,” a difference in the rate of synthesis 
must be the main factor determining the large difference in 
amount between the rRNA and mRNA species. In fact, a 
50~-100-fold higher rate of synthesis has been estimated for 12S 
rRNA as compared with the mMRNAs*”*. Such a difference in 
rate of synthesis between rRNA and mRNA species could 
suggest the existence of more than one promoter for H-strand 
transcription. However, in view of the regular butt-jointing of 
the sequences coding for all the H-strand transcripts, a more 
plausible interpretation is that the H strand is in fact transcribed 
in the form of a single molecule, but that not all transcripts are 
completed before being released from the template. Premature 
termination of the transcripts beyond the rRNA cistrons would 
in fact give a larger molar yield of the rRNA species relative to 
that of the mRNAs or most of the tRNAs’. Late in adenovirus 2 
infection, a premature termination of transcription, which 
produces a four- to six-fold greater molar amount of RNA 
synthesized from the first 2,000 nucleotides of the transcrip- 
tional unit than from any other region, has been previously well 
documented’, and recent evidence has strongly suggested 
premature termination in heterogeneous nuclear RNA 
synthesis’’. It is attractive to think that the location of the 
mitochondrial rRNA cistrons close to the initiation point of 
H-strand transcription in animal cell mt DNA, as has emerged in 
the course of evolution, may have been advantageous to the cell 
as one which gave the rRNA cistrons a transcription advantage. 
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Analyses of DNA and RNA from avian leukosis virus (AL V)-induced lymphomas have provided strong evidence that, in 
most tumours, AL V induces neoplastic disease by activating the c-myc gene, the cellular counterpart of the transforming 
gene of MC29 virus. The data indicate that, as a rare event, the AL V provirus integrates adjacent to the c-myc gene and that 
transcription, initiating from a viral promoter, causes enhanced expression of c-myc, leading to neoplastic transformation. 





RNA TUMOUR VIRUSES include acute transforming viruses 
(sarcoma and acute leukaemia viruses) and slow transforming 
viruses (for example, AL Vs and murine leukaemia viruses). The 
mechanism by which the slow transforming viruses induce neo- 
plastic disease has, until recently, remained obscure. These 
viruses differ from the acute transforming viruses in three 
important properties: (1) they induce macroscopic neoplasms in 
infected animals only after a latent period of 4-12 months, 
compared with 2-3 weeks for the acute viruses; (2) they do not 
induce morphological transformation at detectable frequency in 
tissue culture cells; and (3) they do not seem to contain a 
transforming gene. 

ALVs cause B-cell lymphomas and occasionally fibrosar- 
comas, nephroblastomas, erythroblastosis, osteopetrosis, and 
anaemia. Recent evidence suggests that these viruses cause neo- 
plastic transformation by activating a normal cellular gene(s). (1) 
Many ALV-induced lymphomas do not contain viral 35S 
and/or 218 mRNAs’” and many of the integrated proviruses in 
these tumours are defective'*. Thus it seems unlikely that a viral 
gene product is required for maintenance of neoplastic trans- 
formation. (2) The oncogenic potential of ALV seems to reside 
within the 3’ portion of the viral genome—within ~500 nucleo- 
tides from the poly (A) tract* °—a region which does not seem to 
encode a viral protein’. (3) ALV-induced lymphomas contain 
proviruses integrated at one or more sites. However, at least 
some proviral information in each tumour is found integrated at 
one of a limited number of common sites! ?. As proviral 
integration is known to occur at a large number of sites on the 
host chromosome, possibly at random*"*, this apparent 
specificity of integration in lymphomas suggests that neoplastic 
transformation requires integration adjacent to a specific 
gene(s). (4) Primary and metastatic tumours are clonal >? 
Metastases in the same bird contain similar or identical patterns 
of proviral integration, based on restriction analyses of cellular 
DNA, thus, transformation is a rare event which generally 
occurs Only once in each animal. (5) ALV-induced lymphomas 
and lymphoma-derived cell lines contain new tumour-specific 
RNAs consisting of viral 5'-terminal sequences covalently 
linked to cellular sequences’*. These RNAs fall into a limited 
number of size classes’. (6) The tumour-specific RNAs are 
expressed at moderately high levels (100-300 copies per cell)’. 

Based on certain structural features of the integrated ALV 
provirus, we''’* and others***'? have suggested a model for 
oncogenesis consistent with all the above observations, which 
we have termed oncogenesis by promoter insertion (see Fig. 1). 
Studies in many laboratories have shown that the integrated 
provirus consists of the viral structural genes flanked by 
sequences of ~350 nucleotides, termed long terminal repeats 
(LTRs) >. The LTR contains a putative promoter 
sequence’’*'°?°. Initiation of normal viral RNA synthesis 
occurs within the left LTR. Because this sequence is repeated at 
the right end of the provirus, initiation could also occur within 


the right LTR. If the provirus integrated adjacent to a poten- 
tially oncogenic cellular gene, transcription initiated from the 
viral promoter could generate an RNA molecule such as those 
found in ALV-induced lymphomas, containing both viral and 
cellular sequences (see Fig. 1). The resultant enhanced expres- 
sion of this cellular gene would lead to neoplastic trans- 
formation. Identification of the putative cellular gene activated 
by this mechanism would be strong evidence in support of this 
model. 

Over 10 different ‘transforming genes’ have been identified in 
the genomes of acute transforming retroviruses of avian and 
mammalian origin” 7 —each of these viral onc (v-onc) genes 
has a normal cellular counterpart (cellular onc, or c-onc)**?""*, 
These normal cellular genes are presumably the progenitors of 
the v-onc genes and are generally expressed at low levels in 
normal, uninfected cells’”’*~**, although they may be expressed 
at higher levels during certain stages of development". As they 
are highly conserved in vertebrate evolution??? these normal 
cellular genes probably have some essential role in cellular 
growth, differentiation and/or development. 

It seemed possible that the normal cellular gene(s) activated 
by promoter insertion might be one of the cellular counterparts 
of a v-onc gene. Here we report our efforts to identify the 
putative c-onc gene(s) involved in ALV-induced lymphomas, 
using CDNA probes specific for five v-onc genes of avian acute 
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Fig. 1 Structure and transcriptional products of the integrated ALV pro- 
virus. The integrated provirus is flanked by sequences of ~350 nucleotides 
termed long terminal repeats (LTRs'*"'*). The LTRs, shown greatly enlar- 
ged to emphasize structural details, are composed of sequences derived from 
the 5S’ (U5) and 3' (U3) ends of genomic RNA, and a short sequence {R) of 
~20 nucleotides, present at both ends of genomic RNA. Synthesis of normal 
viral RNA (genomic RNA and mRNAs) initiates within the left LTR. 
Initiation within the right LTR would generate a molecule containing viral 5’ 
sequences {R + U5) plus cellular information encoded in the adjacent cellu- 
lar DNA. If, as shown, the provirus integrated upstream from a potentially 
oncogenic cellular gene (designated c-onc), initiation within the right LTR 
could cause elevated expression of the c-one gene. 
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transforming viruses. We used three criteria to identify such a 
gene, based on predictions of the model for oncogenesis 
described above: (1) the c-onc gene should be expressed at 
elevated levels in ALV-induced lymphomas; (2) the c-onc 
sequences should be encoded in the tumour-specific RNAs, 
covalently linked to viral sequences; (3) proviruses in ALV- 
induced lymphomas should be integrated adjacent to the c-onc 
gene. Based on all three criteria, the data strongly suggest that 
most of the ALV-induced lymphomas studied result from 
activation of the c-myc gene, the cellular counterpart of the 
transforming gene of MC29 virus, by a promoter insertion 
mechanism. i 


Expression of c-onc genes in normal 
and neoplastic tissues 


RNA from normal tissues and ALV-induced lymphomas was 
analysed by nucleic acid hybridization to cDNA probes specific 
for the following v-onc genes: src (Rous sarcoma virus), erb 
(avian erythroblastosis virus), myb (avian myeloblastosis virus), 
fps (Fujinami sarcoma virus) and myc (myelocytomatosis virus- 
29, or MC29). The cellular homologues of the five onc genes 
were expressed at low but detectable levels (1-4 copies per cell) 
in normal tissues from 3-4-month-old uninfected birds (Table 
1). With one exception (see below), the cellular src, erb, myb and 
fps genes were expressed at similarly low levels in lymphoma- 
tous tissues. 

In contrast, levels of myc-specific RNA were 30-100-fold 
higher in ALV-induced lymphomas (90-330 copies per cell). 
These data suggest that c-myc is the cellular gene responsible for 
ALV-induced neoplastic transformation in these tumours. An 
even higher level of myc RNA was found in RP9 (1,000 copies 
per cell), a cell line derived from an ALV-induced lymphoma. In 
RPS cells, myb-specific RNA was also elevated, but to a much 
lesser extent (40 copies per cell); the significance of this is 
unclear. 

A more extensive analysis of myc gene expression involving a 
larger number of normal tissues and ALV-induced lymphomas 
is shown in Table 2. Each tissue was also analysed for expression 
of virus-specific information by hybridization to a probe 
representative of the entire viral genome (cDNA,.,), and to a 
probe corresponding to the 5'-terminal 101 nucleotides of viral 
RNA (cDNAs); the latter would detect 5'-terminal (R + U5) 
sequences of RNAs initiated from either the left or the right 
LTR (see Fig. 1). As 5'-terminal sequences comprise only ~ 1% 
of the viral genome, the presence of viral 5’ sequences alone 
would not be detected by cDNA,.,. For detection by cDNA,.,, 
an RNA molecule must contain other viral genetic information. 

Six main points can be drawn from the data in Table 2: (1) 12 
of 14 ALV-induced lymphomas (including the lymphoma cell 
line RP9) contained elevated levels of myc RNA (at least 80 
copies per cell). One additional lymphoma (29L) contained a 
slightly elevated level (9 copies per cell), whereas sample 25L 
contained only normal levels of myc RNA (2 copies per cell). (2) 
Uninfected chicken embryo fibroblasts and bursal and muscle 
tissues from 3-6-month-old uninfected birds contained low 
levels of myc-specific RNA (2-5 copies per cell). (3) In infected, 
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Fig. 2 myc-specific and viral 5’-specific RNAs in 
ALV-induced lymphomas. Poly(A)-containing RNAs 
(2-5 ug per lane) were glyoxylated, size~fractionated 
on 1% agarose gels, and transferred to aminophenyl- 
thioether paper by the procedure of Alwine er al.**, as 
modified by B. Seed (personal communication). 
Details of this procedure have been described else- 
where’. RNAs containing viral 5’-specific and myc- 
specific sequences were identified by hybridization to 
32D Jabelled cDNA, (5') and cDNA my (m) (specific 
activity ~2-4 x 10° c.p.m. per pg). The blot was first 
hybridized to cDNA, and exposed to X-ray film, it 
was then washed in denaturing conditions to remove 
the cDNA probe, and re-hybridized to CDNA mye 
Positions of viral 358 (8.4 kilobases) and 215 (3.5 
kilobases) RNAs are indicated by open arrows, 2,5- 
and 2.9-kilobase myc-specific RNAs are indicated by 
closed arrows. Tissues are designated as in Tables | 
and 2. kb, Kilobase. 


but non-neoplastic tissues (5B, 6B, 19M, 23M), myc-specific 
RNA levels were similar to those in tissues from uninfected 
birds. Viral RNA is present at elevated levels in these tissues. 
Thus it is clear that viral infection and/or expression of viral 
genes alone is not sufficient to induce myc expression. (4) Viral 
gene expression is not necessary for maintenance of neoplastic 
transformation. In ~50% of the tumours, cDNA,.,-specific 
RNA was present at levels (one to six copies per cell) only 
slightly higher than those of the endogenous provirus ev1°" in 
normal cells*’. (Most uninfected chicken cells contain genetic 
information homologous to the replicative genes of RNA 
tumour viruses. These ‘endogenous proviruses’ (ev} segregate as 
defined genetic loci.) (5) In each of the samples containing low 
amounts of RNA homologous to cDNA,., (7K, 10B, 23L, 25L, 
35L, 36B, 36L), viral 5'-specific sequences were present at 
elevated levels. In all these tumours (except 25L, in which myc 
gene expression is not elevated) the level of 5’-specific RNA was 
similar to that of myc-specific RNA. This is consistent with the 
interpretation that S’ and c-myc sequences are present on the 
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RNA (copies per cell) 


Sample ice ag Ba ele atl 
no. Tissue sre ips erb myb mye 
12B Uninfected 3 ] 2 3 3 
3IL Uninfected 2 1 4 1 2 
7K Lymphoma 4 | 6 5 110 
11B Lymphoma 3 2 2 4 180 
23L Lymphoma 5 i 2 3 330 
9B Lymphoma 3 l 4 2 230 
22L Lymphoma 4 2 ND 5 90 
RP9 Lymphoma cell line 3 i 3 40 1000 





Sample designations indicate the animal number and the source of the tissue: B, 
bursa; L, liver; K, kidney. RP9 is a continuous cell line derived from a RAV-2- 
induced lymphoma (provided by Dr W. Okazaki). Lymphomas were removed 
from leukotic birds 4-6 months after infection with ALY. Birds were injected with 
10*-10’ plaque-forming units (PFU) of virus, 2-7 days after hatching, Virus strains 
used in this and other experiments included Rous-associated virus-1 (RAV-1), 
RAV-2 and transformation-defective (td) mutants of Schmidt-Ruppin Rous 
sarcoma virus-A (td107A, td103 and td109), No virus strain-specific differences 
were observed in any of the experiments described here. Normal tissues were 
taken from uninfected 3-6-month-old birds. Hybridizations were performed in 
liquid as described elsewhere**, using -~Smgmi"' of cellular RNA. Hybrid 
reactions were stopped at various time intervals, corresponding to Cf values of 
~ 10~10° mol-s 17'. RNA concentrations were calculated from C, values (see ref, 
35), assuming that a C,f value of 4x 10* mol-s 1°? is equivalent to one copy per 
cell. Because of variations in the RNA content of cells from different tissues, the 
values shown are not precise but the error introduced is no more than a factor of 
2-3, and thus does not affect any of the conclusions drawn. Radiolabelled cDNA 
probes correspond to the unique (putative transforming) sequences of the follow- 
ing acute transforming viruses**?"°'*: Rous sarcoma virus (src gene), Fujinami 
sarcoma virus (fps), avian erythroblastosis virus (erb), avian myeloblastosis virus 
(myb), and myelocytomatosis virus-29 (myc). Probes were prepared as previously 
described for cDNA,,. (ref. 35), except that cDNA was synthesized from purified 
viral RNA and reverse transcriptase, using random DNA primer"? Sequences 
unique to each of the acute transforming viruses were selected by removing 
sequences common to ALV (by hybridization to a mixture of ALV RNAs fram 
RAV-1, RAV-2, RAV-61, plus erythroblastosis-associated virus for cDNA op and 
myeloblastosis-associated viruses-1 and -2 for cDNA mod The probes demon- 
strated no cross-homology, and did not hybridize (<2%) with any of the ALV 
RNAs used for their selection, or to ribosomal RNA. ND, not determined. 
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same RNA molecules in ALV-induced lymphomas. (6) c-myc- 
specific RNA in normal cells does not contain viral 5’ 
sequences—the latter were undetectable (less than 0.1 copy per 
cell) in tissues from an ev-negative bird (37L and 37B)”, 
whereas myc-specific RNA was present at 2 and 5 copies per 
cell, respectively. 


Tumour-specific RNAs have myc -specific 
sequences and viral 5’ sequences 


To test directly whether the myc-specific sequences and viral 
5'-sequences are encoded on the same RNA transcript, poly(A)- 
containing RNA from ALV-induced lymphomas was analysed 
by the ‘Northern’ transfer technique*’, using cDNA. and 
cDNA,,,. as probes. Previous studies showed that almost all 
tumours synthesize discrete new tumour-specific RNAs 
containing viral 5’ sequences plus other information, presum- 
ably derived from the cell’. In most tumours, the size of these 
RNAs was ~2.5 kilobases, although a few contained RNA of 
~2.9 kilobases. None of these RNAs contained sequences 
detectable with cDNA,,,. In a few tumours, larger RNAs of 5-6 
kilobases were detected with cDNA,. These RNAs also 
contained information detectable with cDNA,,,. 

Six of the seven samples shown in Fig. 2 contained a single 
major myc-specific RNA. In each case, this RNA corresponded 
to a species detectable with cDNAs suggesting that the myc 
sequences and viral 5’ sequences are present on the same RNA 
transcript. As reported previously’, these RNAs are not detec- 
ted with cDNA,,,. In five tumours, the size of this RNA was 2.5 
kilobases, whereas in a sixth (23L), it was rather heterogeneous, 
with a size of ~2.9 kilobases. A 2.9 kilobase RNA was also 
found in RP9 cells, which also contained four additional myc- 
specific RNA species, each of which corresponded to a 5'- 
containing RNA. The three larger of these, with sizes of 7-8.5 
kilobases, were rather obscured in the cDNA,-specific analyses 
by the presence of normal viral 35S RNA, but were seen clearly 
in short exposures of the blots. The high degree of specificity of 
the cDNA mye probe can be seen from the fact that this probe did 
not hybridize to the 35S viral RNA in tumour 34L, although this 
species is much more abundant than the 2.5-kilobase RNA 
detected with cDNA, and cDNA mye RP9 and 34L also contain 
several smaller RNAs that hybridize with cDNAs and cDNA,., 
(ref. 1) but not with cDNA,,,.; these RNAs are presumably 
aberrant viral transcripts. 

myc-specific RNA was not detected in normal cells under the 
conditions used in these experiments (data not shown). Sheiness 
et al.™* have identified c-myc RNA in uninfected cells using 
larger amounts of cellular RNA. These workers reported a size 
of 2.8 kilobases, slightly larger than that of the most frequently 
observed myc-specific RNA found in ALV-induced 
lymphomas. 


Genetic content of tumour-specific RNAs 


The data described above are consistent with the interpretation 
that the myc-specific RNAs in ALV-induced lymphomas have 
the structure illustrated in Fig. 1 (that is, they contain only ~100 
nucleotides of virus-coded information). The failure to detect 
these RNAs with cDNA,., (ref. 1) suggests that they contain 
little or no viral information other than the 5’-terminal 
sequences detected with cDNAs. As analysis with cDNA,., 
does not provide a sensitive assay for possible short stretches of 
viral information, RNA from ALV lymphomas was tested 
further by liquid hybridization, using probes specific for portions 
of the viral genome. 

The low level of normal viral mRNAs in some of the tumours 
allowed us to examine the genetic content of the myc-specific 
RNA in these tissues. Two tumours, 7K and 23L, in which 
myc-specific RNA was at least 50-fold more abundant than viral 
mRNA (Table 2), were chosen. RNA from these tumours was 
hybridized to cDNA,,,. (Fig. 3, broken lines) and to probes 
specific for the viral gag, pol, and env genes, the 500 nucleotides 
adjacent to the poly(A) tract at the 3’ end of the viral genome 


(cDNA), and cDNA, (solid lines). With both tumours, 
cDNA mye hybridized to a plateau level of ~85%, indicating 
extensive homology between the myc probe and the c-myc 
sequences encoded in the tumour-specific RNA of ALV- 
induced lymphomas. A plateau value of ~90% hybridization 
was obtained with RNA from normal cells, when hybridization 
was carried out to very high C,r values (data not shown). 

Of the virus-specific probes, only cDNA; hybridized with 
kinetics similar to those obtained with cDNA „my. Some hybri- 
dization was obtained with the other probes at much higher C.r 
values. This could reflect the presence of small amounts of viral 
mRNA. However, in no case were the hybridization patterns 
consistent with the presence of any viral sequences, other than 
5'-specific sequences, in the myc-specific RNA transcript. Thus 
we conclude that, within the limits of this assay (probably ~5% 
of the genetic content of each probe), no viral information other 
than 5’ sequences is present in the myc-specific transcripts of 
tumours 7K and 23L. Hybridizations of gene-specific probes to 
the ‘Northern’ blots similarly failed to detect other viral 
sequences on the 2.5- and 2.9-kilobase myc-specific RNAs (data 
not shown), 


ALV provirus is integrated adjacen: to c-myc 
in ALV-induced lymphomas 


In our previous studies’, analysis of lymphoma DNA was per- 
formed by digestion with the restriction endonwlease EcoRI, 
which cuts at several sites within the provirus’ **, The most 
useful restriction fragment generated by this dzestion is the 
right-end ‘junction fragment’, which contains ~ 140 nucleotides 
of viral information, plus adjacent downstream celular DNA. If 
the ALV provirus is integrated adjacent to c-myc,this junction 





Table 2 myc-specific and virus-specific RNA in norma! and noplastic tissues 





RNA (cogs per cell} 
Sample 
no, Tissue myc : rep 
2928F = Normal (uninfected) 2 8 0.7 
31L Normal (uninfected) 2 (6 05 
12B Normal (uninfected) 3 07 0.7 
37L Normal (uninfected) 2 <Ol* <0 1* 
37B Normal (uninfected) § <0.* <Q,1* 
19M Normal (infected) 2 1,50 1,300 
23M Normal (infected) 3 150 1200 
5B Normal (infected) 3 145 160 
6B Normal (infected) 2 200 280 
3B Pre-neoplastic bursa 10 7 0.4 
7K Lymphoma 110 100 2 
9B Lymphoma 230 1,300 1,100 
10B Lymphoma 100 90 2 
11B Lymphoma 180 2,500 2,000 
19L Lymphoma 85 1,900 1,300 
22L Lymphoma 90 300 300 
23L Lymphoma 330 300 5 
25L Lymphoma 2 90 2 
29L Lymphoma 9 1,700 1,300 
34L Lymphoma 105 1,000 800 
35L Lymphoma 80 80 6 
36B Lymphoma 100 100 2 
36L Lymphoma 140 120 3 
RP9 Lymphoma cell line 1,000 4,000 600 





Sample designations are as in Table 1; F, fibroblasts (chicken embryo); L liver; 
B, bursa; M, muscle; K, kidney. Tissues were taken from 3~6-month-oldunin- 
fected birds, or from leukotic infected chickens 4-6 months after infecti (see 
Table 1 for details). RNA concentrations were determined as in Table 1. RNA was 
detected with cDNA „ne or with virus-specific probes corresponding to 5'-teminal 
sequences (R+ U5) of genomic RNA {(cDNA,.) or to the entire viral ge:ome 
(cDNA mp) CDNA, (‘strong-stop DNA‘*) was synthesized from RAV?2 as 
described elsewhere’; cDNA,,, was synthesized from RAV-2 RNA, using raniom 
DNA primer®’. cDNA, detects RNA transcripts initiating either from the let or 
right LTR (see Fig. 1), whereas cDNA,,,, detects only viral RNA contahing 
substantial portions of the viral coding sequences (presumably initiating fromthe 
left LTR). 

* No virus-specific RNA was detected with either cDNA, or CDNA, o m 
conditions that would have detected 0.1 copies per cell, These samples were ten 
from a chicken (no. 37) which lacks endogenous proviruses*’, . 

* RNA from tumour 9B hybridized with kinetics suggesting two components, 
with levels of 25 and 1,100 copies per cell. Other experiments demonstrated the 
presence in this tumour of an abundant 5.5-kilobase RNA species containing gag 
and 3’ viral sequences, and portions of poi. 





Per cent cDNA hybridized 


Cot (mol-s 1°") 


Fig. 3 Genetic content of myc-specific RNAs in two ALV-induced 
lymphomas. Total cellular RNA from tumours 7K and 23 L was extracted 
with proteinase K~phenol-chloroform”’, and precipitated two or three times 
with 2 M LiCl te remove cellular DNA, RNA was hybridized to cDNA „myc 
(broken line) and to cDNA probes specific for different portions of the ALV 
genome (solid ines). The following virus-specific probes were used: A, 
cDNA,,,; V, DNA por X, CDNA,,,; @ cDNA, and +, CDNA. CONA poi 
was prepared fom RAV-O, and corresponds to the deletion in ev3 RNA”, 
which includes : large portion of the pol gene, and the 3' portion of gag. All 
other probes wire prepared from RAV-2. cDNA pag represents the 5° 2,500 
nucleotides of genomic RNA, and overlaps somewhat with cDNA por 
cDNA., corrépands to the env deletion of Bryan strain of Rous sarcoma 
virus, and cDNA, corresponds to the 3’ 500-600 nucleotides (‘common’ or 
‘ct region) of gnomic RNA. cDNA, is described in Table 2 legend. Probes 
were prepared and hybridizations performed as described elsewhere’**?. 


fragment shuld contain myc-specific sequences, and thus be 
detected witt both cDNA, and cDNA mye 

Restrictio: analyses of DNA from normal tissue and from 
three ALV-nduced lymphomas are shown in Fig. 4. In normal 
cells, c-mycsequences were contained almost entirely within a 
single EcoR restriction fragment of ~14 kilobases, consistent 
with the reort of Sheiness et al.**. (We also found a second, 
‘minor banc at ~2 kilobases which has not been further charac- 
terized.) 

Lymphana DNAs contained a new myc-specific restriction 
fragment iot present in normal cells (Fig. 4). In each case, this 
new fragnent corresponded to a junction fragment detected 
with cDNAs. This presumably represents integration of an 
ALV provirus adjacent to the c-myc gene. In a larger sampling 
of lymptomas, we found that 31 out of 37 lymphoma DNAs 
contained proviral information integrated adjacent to c-myc“. 
Those simples that did not contain elevated levels of myc- 
specific l NA also did not contain proviruses integrated adjacent 
to c-mvc. The 14- (and 2-) kilobase myc-specific EcoRI frag- 
ments Dund in normal cells were also found in the lymphomas. 
This wuld be expected because integration presumably occurs 
adjaceat to only one of the copies of c-myc present in the diploid 
chicka genome. 

Wehave recently succeeded in cloning the EcoRI junction 
fragnents from two ALV-induced lymphomas (B.G.N. et al., 
unpwlished results). The cloned DNAs contain both viral 5' 
infornation and myc-specific information, thus providing direct 
evidince that the viral and c-myc sequences are covalently 
linked in these tumours. 


Discussion 


Fron the above data we conclude that, in almost all ALV- 
indiced lymphomas, neoplastic transformation results from 
actvation of the cellular gene c-myc. This process seems to 
involve integration of the provirus upstream from the c-myc 
gene, and transcriptional activation of this gene due to the 
insertion of the ‘strong’ viral promoter. The resultant RNA 
transcript contains both viral and c-myc information, and is 
present at levels 30-100-fold higher than that of c-myc RNA in 
normal tissues. 

Integration of the provirus at a site which could activate the 
c-myc gene would presumably be a rare event, because integra- 
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tion is known to occur at many sites (possibly at random) in the 
host genome*”’. Thus, this mechanism can explain, at least in 
part, the long latent period required for development of 
lymphomas in ALV-infected birds, and the failure to detect 
transformation in ALV-infected tissue culture cells, 

We have previously observed that ALV-induced lymphomas 
contained proviruses integrated at a limited number of discrete 
sites, as judged by restriction analysis. The junction fragments of 
different size observed in the earlier experiments could 
represent ALV integrations adjacent to different cellular genes. 
However, our data (see Fig. 4 and ref. 46) indicate that most 
proviruses are integrated adjacent to the same gene, c-myc. 
Apparently, integration at several locations upstream from 
c-myc can lead to activation of this gene. Many tumours that 
have junction fragments of different sizes (for example, 34L and 
35L) synthesize myc-specific RNAs of the same size (2.5 kilo- 
bases). This could be explained if the 2.5-kilobase RNAs arose 
by splicing events, with removal of varying lengths of interven- 
ing sequences, 

It is unclear why c-myc should be involved in such a large 
percentage (~85%) of lymphomas. Over 10 transforming genes 
(v-onc), each of which has a cellular counterpart that is highly 
conserved in all vertebrates, have been identified in different 
avian and mammalian retroviruses’’**—others undoubtedly 
exist. Although some v-onc genes may show tissue specificity, 
this alone cannot explain the preferential involvement of c-myc 
in B-cell lymphomas. MC29, an acute transforming virus which 
contains the myc gene, causes myelocytomatosis, fibrosarcomas 
and carcinomas in infected birds*’. No examples of B-cell 
lymphomas have been reported. In tissue culture, MC29 trans- 
forms both haematopoietic cells“? and fibroblasts*’**. However, 
other viruses (for example, AMV and AEV) also transform 
haematopoietic cells in vivo and in vitro”. Nevertheless, the 
cellular counterparts of these v-onc genes are not activated by 
ALV in a large percentage of ALV-induced lymphomas. 

Breindl et al.*’ have suggested that proviruses integrate pref- 
erentially into transcriptionally active regions of chromosomes. 
If c-myc is in a transcriptionally active conformation at some 
stage of B-cell differentiation, integration within this region 
might occur with a higher than random frequency. Alter- 
natively, c-myc may be more readily activated by the promoter 
insertion mechanism, due to some structural feature(s) of this 
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Fig. 4 Restriction analysis of myc-specific and viral 5 -specific sequences in 
DNA from norma! cells and ALV-induced lymphomas. DNA was extracted 
from normal brain (N) from bird no. 34, and from three ALV-induced 
lymphomas (designated as in Tabies 1 and 2). DNA was digested with 
restriction endonuclease EcoRI, size-fractionated on agarose gels and 
transferred to nitrocellulose paper by the technique of Southern®* Experi- 
mental details have been described elsewhere'*’. Duplicate samples from 
each tissue were analysed in parallel experiments by hybridization to 
cDNA, (5') or cDNA my (m). Two myc-specific restriction fragments—a 
major species of 14 kilobases (open arrows) and a minor species of 2 
kilobases—-were detected in all DNAs from both normal and neoplastic 
tissues. myc-specific fragments of 2.9 and 2.7 kilobases (solid arrows}, also 
detected with cDNA,., were found only in tumour DNAs. cDNA, -specific 
restriction fragments of the endogenous provirus ev] 4 (indicated in the left 
lane by solid circles) were present in both normal and transformed tissues. 
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gene. As discussed above, integration at several sites upstream 
from c-myc can apparently result in its activation. This multi- 
plicity of potentially ‘productive’ sites might increase the prob- 
ability of activating this gene over other c-onc genes, which 
might only be activated by integration at a more limited number 
of sites. 

It is possible that other c-onc genes are activated by promoter 
insertion in the ALV-induced lymphomas that do not show 
enhanced myc expression. We are currently attempting to iden- 
tify the cellular gene(s) induced in these tumours. 

We could find no evidence for the participation or generation 
of an acute transforming virus in ALV-induced lymphomas; no 
virus capable of transforming fibroblasts was recovered from 
any of the lymphomas tested (data not shown). (MC29 trans- 
forms fibroblasts in tissue culture with high efficiency.) Virus 
from one sample, RP9, was further tested by injection into 
1-7-day-old chicks. Lymphomas appeared after a long latent 
period (>4 months), but no acutely developing neoplasia was 
observed. In addition, the structure of the myc-specific RNAs in 
lymphomas was not consistent with that of a viral genome. All 
known defective transforming viruses contain viral sequences at 
the 5’ and 3’ ends of their genome. Sequences at the 3’ end 
encode recognition signals for reverse transcription of viral 
RNA, integration of proviral DNA and synthesis of viral 
mRNA. Analyses of RNA from two ALV-induced lymphomas 
(Fig. 3) revealed no viral 3’ information. Furthermore, 
sequences thought to be involved in RNA packaging”, located 
in the region from ~ 100-350 nucleotides from the 5’ end*', do 
not seem to be present in the tumour-specific RNAs. 

Cooper and Neiman”? using a transfection assay, recently 
demonstrated that DNA from ALV-induced lymphomas 
causes transformation of NIH/3T3 cells with high efficiency. 
Surprisingly, the transformants did not contain any detectable 
viral DNA sequences (including the LTR), nor apparently did 
they contain myc-specific sequences derived from the 
lymphoma DNAs. However, these investigators have recently 
found that the lymphomas from which the DNA was derived do 
contain ALV proviruses integrated adjacent to c-myc (G. 
Cooper and P. Neiman, personal communication). The trans- 
fection assay is apparently detecting another genetic change in 
lymphomas which may be a direct or indirect consequence of 
enhanced c-myc expression. It is possible that c-myc activation, 
and the activity detected in the transfection assay, represent 
different steps in a multistage process leading to neoplastic 
transformation. 

The onc gene of MC29 virus™™™?, and those of many other 
acute transforming viruses’°, are expressed as gag—onc fusion 
proteins. Our data indicate that the gag-encoded portion of this 
protein is not required for the transforming activity of the myc 
gene product at least in B cells. We could detect no viral 
sequences other than the S’-terminal 100 nucleotides in myc- 
specific RNA from these tumours; thus the predicted translation 
product of this RNA would lack gag sequences. 
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Earlier work had suggested that normal cellular information 
might be potentially oncogenic. Hanafusa et al.” generated 
acute transforming viruses (recovered avian sarcoma viruses, 
rASVs), by injecting transformation-defective viruses which 
lack most, but not all, of the src gene, into chickens. The rASVs 
have acquired most of their src information from the cell by 
recombination with c-src**-°°, These experiments suggested 
that c-sre, without substantial modification, is capable of induc- 
ing cell transformation when expressed at high levels as a 
consequence of its incorporation into the viral genome. 
Recently, Oskarsson et al.” have shown that c-mos, the cellular 
counterpart of the transforming gene of Moloney murine 
sarcoma virus, can induce transformation of NIH/3T3 cells if 
the LTR is linked to cloned c-mos DNA. The resultant structure 
is similar to that found in ALV-induced lymphomas. No viral 
sequences other than the LTR are required for this activity 
(G. Vande Woude, personal communication). 

It seems likely, therefore, that the role of both acute and slow 
RNA tumour viruses in neoplastic transformation is simply to 
provide a means for constitutively expressing a cellular gene that 
is normally expressed at low levels. These viruses accomplish 
this in slightly different ways. In the acute viruses, a cellular gene 
has been inserted into the viral genome (by recombination), 
where it comes under the control of the viral promoter. With 
slow transforming viruses such as ALV, the viral promoter is 
inserted into (or adjacent to) the cellular gene. 

The data presented here show, for the first time, that a 
carcinogenic agent (ALV) acts by altering the expression of a 
normal cellular gene. These findings raise the interesting possi- 
bility that activation of a c-onc gene may be the common 
initiation event in neoplastic transformation by both viral and 
non-viral agents. Radiation and nearly all chemical carcinogens 
are potent mutagens—these might induce elevated expression 
of a c-onc gene by altering regulatory sequences (by point 
mutation or DNA modification), and/or by causing trans- 
locations that join c-onc coding sequences to transcriptionally 
active elements. The different types of cancer may reflect the 
particular c-onc gene activated, and the type of cell in which 
activation occurs. The availability of molecular probes for the 
known onc genes should allow screening for enhanced expres- 
sion of these genes in a large number of tumours of. unknown 
origin. Thus it should be possible to test the general validity of 
this model. | 
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Although some quasistellar objects (QSOs) are known to be 
members of small groups of galaxies (see refs 1-3), there is no 
known case of a QSO in a rich cluster of galaxies’. Whether this 
has important implications for the nature of QSOs, or is simply a 
reflection of the difficulty of observing high-redshift clusters, is 
unclear. Here we report the discovery of a new QSO which 
provides perhaps the strongest evidence to date for quasar 
membership in a rich cluster. 

The QSO was discovered during a programme aimed at the 
identification of optical counterparts of X-ray sources observed 
serendipitously by the Einstein Observatory. The detector used, 
the imaging proportional counter’, yields positional accuracies 
of the order of 1 arc min, typically restricting optical candidates 
for the X-ray source to only a few objects. These candidates 
were then each examined spectroscopically. So far we have 
identified more than 40 previously uncatalogued QSOs using 
this technique, and preliminary results on the objects as a class 
are reported elsewhere’. During X-ray observations of quasar 
3C345, a serendipitous X-ray source located 8 arc min north- 
east of the quasar was discovered, in addition to emission from 
3C345 itself. The observed flux from the new source 1s 3.2 x 
107" erg cm™* s~ in the 0.5--4.5-keV band. This flux, which is 
roughly 7% of that observed from 3C345 (ref. 7), is typical of the 
serendipitous sources in our sample. Three separate obser- 
vations during a 6-month period in 1979-80 showed no evi- 
dence for intensity variability of the new source in excess of the 
+ 20% statistical uncertainty in the count rate. There was also 
no evidence for X-ray variability in 3C345 during this period. 

Spectroscopic observations of optical candidates in the X-ray 
field were obtained on 16 May 1980, using the Robinson- 
Wampler image tube scanner® at the Lick Observatory 3-m 
Shane reflector; the grating yields 20 A spectral resolution in the 
3,500-8,500 A range. The X-ray source was readily identified 
with a previously unreported faint QSO, which we designate 
1641 +3998. The coordinates of the object are a(1950)= 16h 
41min 54.1 s, 6=+39°59'17". Based on calibrations of the 
image diameter of the object on the Palomar Observatory Sky 
Survey’, we estimate the magnitude of the object at the epoch of 
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those plates as B= 18.7+0.5. Both the Sky Survey and our 
spectrophotometry show the QSO to be quite blue. As stressed 
in ref. 6, the probability of a chance coincidence of a random 
QSO with the X-ray source is negligible, so the identification of 
the quasar with the source is secure. The finding chart for the 
object in Fig. 1 is reproduced from a 4-m Mayall telescope plate 
obtained in 1973; also shown is 3C345. 

The spectrum of the newly discovered QSO is of particular 
interest, and is shown in Fig. 2. Despite the modest signal-to- 
noise ratio, four strong emission lines are clearly visible at 
AA 4,450, 6,912, 7,750, and 7,980 A. We identify these features 
as Mg II A2,800, Hy, H8 and [O 111] 5,007, respectively, and 
derive a galactocentric redshift z = 0.594+0.001, where the 
uncertainty is dominated by the breadths of the permitted 
emission lines. The galactocentric redshift of 3C345 (see refs 10, 
11) is z = 0.595, where again we estimate a formal uncertainty of 
at least + 0.001 due to emission line widths. Thus to within the 
measurement errors, the redshifts of these two quasars are 
identical. The spectra of the objects are at least superficially 
similar in appearance, although this is perhaps not surprising in 
view of the limited variety in the emission lines which are 
typically seen in QSOs at this redshift. 

We may estimate the probability that the remarkable redshift 
agreement of the two objects is a chance coincidence of two 
randomly distributed, unrelated QSOs. Our X-ray observa- 
tions’ yield 0.6 serendipitous sources per square degree, and we 
identify about half of these as QSOs with z = 1. Thus we expect 
to observe =6x10° QSOs before finding one with a 
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Fig.1 A blue plate (Ha0 + GG385) of the field of the two quasars, 

obtained by Kinman with the Mayall 4-m telescope on 3 June 

1973. The newly discovered quasar, 1641 +3998, is the fainter of 

the two flagged objects, near the north-east of the field; 3C345 is 
the brighter object marked 8 arc min to the south-west. 
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‘companion’ as close in position (0.06 deg’) and redshift (107°) 
as the current example is to 3C345. In fact only about 100 QSOs 
had been observed’ when 1641+3998 was discovered, so the 
probability of a chance coincidence is ~0.002. Therefore, 
tempered by the hazards of a posteriori probability calculations, 
we conclude that the association of 3C345 and 1641 +3998 is 
statistically significant and unlikely to be accidental. 

If we accept the physical association of our two quasars, the 
explanations for such a situation are limited. We have briefly 
considered the extraordinary possibility that 1641 +3998 could 
be a gravitationally focused image of 3C345, similar to the two 
currently known examples of this effect’*’*. The very large 
angular separation of the images compared with the previous 
cases would imply an unusual mass and/or mass distribution for 
the focusing matter. Remarkably this situation cannot be 
immediately dismissed, as a cluster of galaxies at z = 0.01 with 
mass 2 x 10'* Mo could create such an image. However, such a 
cluster must have a very extreme mass-to-luminosity ratio to 
avoid obvious detection. A more awkward difficulty with this 
hypothesis is that the ratio of fluxes of the two QSOs should be 
independent of wavelength. Although the optical and X-ray flux 
ratios of the two objects do agree well (within 3 orders of 
magnitude), 3C345 is an intense radio source (11 Jy at 178 
MHz) leading to the prediction of an easily detectable radio flux 
from 1641+3998, barring long differential time delays. Maps 
which subtract the side lobes of 3C345 (ref. 14) do not show such 
a source, to limits of 10 mJy. The agreement of the ratio of 
optical and X-ray fluxes is thus probably simply a manifestation 
of the relative constancy of this parameter previously noted in 
large samples of radio-selected’> as well as X-ray selected® 
QSOs. 

The alternative hypothesis, which we favour, is that the 
redshift agreement of these two QSOs indicates their common 
membership in a cluster of galaxies. The projected separation of 
several Mpc would then indicate this to be a rich cluster, the first 
such example of a cluster with QSOs. Although theoretical 
calculations of cluster diameter evolution with redshift'® 
indicate that distant rich clusters should be smaller than at the 
current epoch, this poses no difficulty in the present case as these 
evolutionary effects‘ become noticeable only at larger redshift. 
As the velocity dispersion in rich clusters of galaxies is as large as 
1,500 kms’, one might worry that the observed small limit on 
the velocity difference between 3C345 and 1641+ 3998 (= 300 
km s~') implies a cluster velocity dispersion grossly inconsistent 
with this norm. However, this proves not to be the case. If for 
simplicity, the radial velocities of the cluster galaxies are 
assumed to have a gaussian distribution, then we can convert the 
observed difference between two members into 90% confidence 
limits on the actual dispersion. A 300 kms‘ difference between 
two cluster members implies a cluster dispersion in the range 
100~3,000 km s™* (90% confidence). Thus, perhaps surpris- 
ingly, the small observed velocity difference is not an awkward 
constraint on this model. The virial mass implied for the cluster 
by this allowed range of dispersions is in the range 10'*°~ 
10°°°M,, again, not restrictive, but consistent with the 
parameters of known rich clusters. 

Our failure to detect X-ray emission from this putative cluster 
is not necessarily surprising, but means that the cluster has an 
X-ray luminosity less than about half that of the Coma cluster 
(the X-ray bright core of which would appear point-like at this 
distance). However, Einstein observations (F. Abramopoulos, 
personal communication) indicate this is not unusual even for 
rich clusters. In addition, if 3C345 lies close to the centre of the 
cluster, then the possibility of source confusion implies that the 
cluster will be even more difficult to detect in X rays. 

Our hypothesis can be tested in that the normal galaxies in this 
putative cluster are expected to appear at V =22-23 and thus 
be directly observable. Good quality 4-m plates of the field 
obtained by Kinman do show numerous faint galaxies nearby. 
However, the space density of clusters at this faint apparent 
magnitude is large enough that two or three such clusters are 
expected on every high latitude 4-m plate’’. Thus the prob- 
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Fig.2 The spectrum of the quasar 1641 +3998, obtained with the 

Lick 3-m Shane reflector, with 20-A spectral resolution. The data 

have been converted to relative fluxes above the atmosphere 

through observation of spectrophotometric standard stars, and the 
most prominent emission features are identified. 
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ability of a chance superposition of a faint, unrelated cluster on 
this pair of QSOs is not negligible, and radial velocities of the 
galaxies will be necessary to verify the proposed association. 

Attention has recently been drawn to other close groupings of 
QSOs with similar redshifts’***, and diverse interpretations 
involving clusters, superclusters and non-cosmological redshifts 
have been advanced. Whether these pairs, including the one 
discussed here, represent clusters or superclusters is of secon- 
dary importance to the broader conclusion that QSOs exhibit 
similar clustering characteristics as galaxies. The pair discussed 
here, being at low redshift, should be suitable for future 
research. 
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Random alignment of quasars 


M. G. Edmunds & G. H. George 


Department of Applied Mathematics and Astronomy, 
University College, PO Box 78, Cardiff CF1 1XL, UK 


Arp and Hazard’ have reported several peculiar alignments of 
quasars, alignments which are exact to the limit of resolution on 
a Schmidt plate (2 arc s). We report here our investigation of the 
claim that the probability of such alignments occurring purely by 
chance is exceedingly small. Because the correct statistical 
analysis is not immediately obvious, we have performed a series 
of computer experiments to investigate how often such align- 
ments will occur by chance. 
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Several trials were made in which 300 quasars were placed at 
random in two cartesian coordinates on a square, and each 
triplet of points whose overall linear extent did not exceed 1 /Tof 
the square side was examined for a possible alignment. Values of 
P, the deviation of the intermediate quasar from the line joining 
the other two members of the triplet, were determined. An 
example of the peculiar configurations that can arise by chance is 
shown in Fig. 1, taken from one of the trials. 

The scale on the square depends entirely on the assumed 
density of quasars. Observational estimates’ suggest that the 
density of quasars down to the twentieth magnitude is between 5 
and 10 quasars per square degree. We have chosen a (possibly 
conservative) estimate of 6 quasars per square degree, (the value 
assumed by Arp and Hazard). On this scale, the whole square 
corresponds to approximately 50 square degrees of sky. 

As the positions of all the quasars on the square (once placed) 
are known to very high accuracy, P is also known to high 
accuracy (corresponding to a resolution of a fraction of an arcs). 
In observations on a Schmidt plate, however, each image can be 
resolved only to 2 arc s, resulting in an uncertainty in alignment 
of somewhat more than 2 arcs. We have therefore chosen 2.4 
arcs as a limit for P, below which we regard an alignment to be 
good. The number of alignments found (classified into various 
ranges of the value P up to 6 arc s) are shown in Table 1, the size 
al a a ta te atm Sea ciate E 
Table 1 The distribution of P (the displacement of the intermediate 
quasar of each triplet from a perfect alignment) for outer quasar 

separations < 1° 





Largest no. Smallest no. 
P Mean of in a singie in a single 
(arcs) 16 runs run run 
0-0.24 1.6 4 0 
0.24-1.20 7.4 15 4 
1.20-2.40 7.9 14 4 
2.40-3.60 7.4 19 2 
3.60-4.80 9.4 16 5 
4.80-6.00 8.2 12 5 
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limit on allowed alignments corresponding to 1°. Table 2 shows 
the number of alignments P<6 arcs as a function of the 
separation d of the outer quasars of the alignment. x’-tests 
indicate that these distributions are consistent with a uniform 
distribution in P, and a cubic distribution in d. Certain random 
alignments would, of course, run off the edge of the square, and 
thus be lost. This edge effect also occurs on Schmidt plates, but 
we believe that the proportion of alignments lost by this effect 
does not vary by more than about 10% between the square 
(7° = 7°) and a typical Schmidt plate (6° x 6°). 

An estimate of alignment probabilities can be made by the 
following simple argument, although experience of Bertrand’s 
paradox’ warns that such an estimate may only be correct to an 
order of magnitude. Let the number density of quasars be n per 
unit area, and consider any one quasar. Between a distance x 
and x + dx of this quasar will lie 2arnx dx other quasars. A line 
between the first quasar and any one of these others will be of 
length x, and any quasars which will form triplets with distance P 
or less away from this line must lie within a rectangular area 2xP, 
and the number of such quasars will be 2xnP. Thus the number 
of alignments with the original quasar at one end is 


d 
| 4rx°n?P dx = a ep 
o 3 
where d is the largest outer quasar separation we consider. For a 
plate of area A, the total number of quasars is nA, so neglecting 
edge effects and with a factor of } to avoid counting each 
alignment twice, the total number of alignments N where the 
third quasar lies within a distance P of the line joining the other 
two is 


2 | 
N= = Ad*n*P 
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Table 2 The distribution of d (the separation of the outer two quasars 
of any alignment) for which P< 6.0 arc s 





Largest no. Smallest no. 
d Mean of in a single in a single 

(arc min) 16 runs run run 
0-10 0.4 2 0 
10-20 1.3 3 0 
20-30 3.9 7 2 
30-40 7.6 13 3 
40-50 11.5 17 5 
50-60 17.3 27 12 
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For comparison with the computer simulation we note N œc P 
and N œ d° (as found); and if A = 50 square degrees, n =6 per 
square degree, P=2.4 arcs=6.7°x 10, d =1° we gain N = 
15, in excellent agreement with Table 1. 

We have not considered the redshifts of the quasars. To do so 


‘would require detailed knowledge of the redshift frequency 


distribution, which is not well determined. Also, the cosmologi- 
cal interpretation of the quasar phenomenon allows for the 
redshift distribution to be quite independent of the distribution 
of quasars in the sky. Hence we could superimpose the redshifts 
on the existing data once the redshift distribution is sufficiently 
well known. Of course, one might expect one-third of the 
alignments to have the central quasar of lower redshift than the 
two outer ones. Also important may be observational selection 
of a central quasar on the basis of a bright magnitude, which 
would affect comparison with alignment probability estimates. 
However, for the present purposes we neglect magnitude effects 
(which are difficult to quantify and will be correlated with the 
redshift distribution). . 

Our computed results give an indication of how many good 
alignments might be expected on 50 square degrees of sky, and 
hence we would expect 11 alignments good to 2.4 arcs and of 
overall size less than a degree to appear on a typical Schmidt 
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Fig. 1 An interesting square of sky (from random distribution of 

quasars). A, B and C are aligned to less than 0.2 are s and B, D and 

E to 1.0 arcs. Also note that F, G, D and H, E, J form very good 
alignments (to within 2.0 arcs). 
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plate. It is debatable whether these are too loose criteria, and 
comparison with Arp and Hazard’s configuration depends 
critically on the assumed values of n, d and P. It is particularly 
difficult to quantify d, the overall separation of triplets searched 
for. We therefore also consider a more restrictive case, and take 
the largest alignment found as d. Their four quoted alignments 
have d < 30 arc min, and should it be found that P < 1 arc s, then 
for n= 6 per degree we estimate an expected number of align- 
ments N = 0.5 per Schmidt plate, somewhat relaxed to N = 2.5 
ifn = 10. Arp and Hazard’s find of four alignments (albeit on an 
incomplete search) lies between our loose and restrictive esti- 
mates and is anyway not too great a fluctuation difference from 
the restrictive one. We suggest that the evidence is not strong 
enough to require a ballistic theory to explain their observed 
configuration, it could well have arisen by chance. A posteriori 
Statistics on a single configuration is never satisfactory, and a 
more definitive test might be made by identifying all probable 
quasars on the plate and testing the properties of their mutual 
alignments against the statistics for random distribution 
developed above. 

We thank the director and staff of University College 
Computing Centre for computing facilities, Professor J. V. 
Narlikar for discussion, and particularly Dr B. F. Schutz for 
originally suggesting the use of random maps. 
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Data on the isotropic extragalactic X-ray background (>3 keV) 
obtained with the HEAO 1 A2 instrument! yield a spectrum 
over the energy band of maximum flux that is well described bya 
thermal model involving an optically thin hot plasma at a 
temperature of a half-billion degrees (kT = 40+5 keV). The 
spectra for known strong X-ray sources in the present epoch 
(active galaxies, clusters of galaxies) obtained with the same 
HEAO 1 instrument’ indicate that such objects at high 
redshifts cannot account for most of this background. On the 
other hand, deep-field exposures to soft X rays (<3 keV) with 
the HEAO 2 Einstein Observatory’ suggest that discrete 
sources could be a sufficient explanation. This implies either (1) 
that these dim sources are generally unrelated to relatively 
bright nearby objects or (2) that they represent an earlier stage 
in their evolution. Short-lived thermal X-ray emission by galac- 
tic winds peculiar to an earlier epoch has been suggested’ as an 
explanation of the first kind, but the need for postulating new 
sources can be obviated if, as Leiter has argued‘, prolific X-ray 
sources evolve in connection with active galactic nuclei involving 
massive compact objects. Here, we pursue the suggestion by 
Carr’ that most of the cosmic X-ray background (CXB) arises 
from thermal X-ray emission associated with black hole 
accretion disks for compact objects formed before galaxies but 
we favour a model where the onset of significant X-rays takes 
place within the epoch of galaxy formation at z<4, when 
accretion disks are created by the interaction between massive 
black holes of pregalactic origin and young galaxies. 

The spectral characteristics of the composite X-ray flux asso- 
ciated with the extragalactic sky is shown in Fig. 1. An 
extrapolation of power law (B) to the y-ray regime (>4 MeV) 
suggests that such sources could well account for most of the 
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observed cosmic y-ray background®”. But, as shown in Fig. 1, 
they can account for a relatively small part of the CXB. 

For a survey limit of 2.6 10°' erg em”? s~? (1-3 keV), the 
deep exposures with HEAO 2 Einstein Observatory* yield 
19 + 8 extragalactic sources deg *, comparable with the number 
of quasars"” brighter than B = 20 mag. Assuming that these 
sources have power-law X-ray spectra of energy index a = 0.7 
and that the slope a of the log N-log S relation at the survey 
limit and above is greater than unity, then these observed 
sources account for a percentage of the CXB which, at 3 keV, is 
given by (a/(a ~ 1))(7.142.9)%. In Fig. 1, a = 1.5 (see ref, 4) A 
subsequent direct determination’? of the log N~log S relation 
for these dim sources with HEAO 2, however, indicates that the 
slope is steeper and could be closer toa = 2. Yet, the log N--logS 
relation for quasars must flatten’? as the number brighter than 
B = 22.5 mag is =50 deg °. The assumption that most of the 
CXB arises from quasars apparently gives a paradox for the 
required source count. Extrapolating the HEAO 2 source count 
through a log N-log S relation of constant slope a, for objects 
dimmer than the survey limit, we obtain that the number of 
sources required to account fully for the background is ~2 x 10° 
sources deg™* for a = 1.5 and ~10° sources deg”? for a =2. 
These estimates are an order of magnitude larger than the 
number of usual quasars considered which suggests that the 
onset of thermal X-rays precedes the formation of non-thermal 
radiating components. 

The thermal-type spectrum observed for the CXB can be 
associated with two kinds of black-hole accretion disk radiation 
mechanisms: (1) bremsstrahlung from an optically thin hot 
plasma of the disk’'’; (2) unsaturated Comptonization" of soft 
photons by hot thermal electrons in the inner region of the disk, 
optically thin to absorption, where e*e” pair production coolin g 
effects'> can limit the electron temperature (T.) to T,= 
2x 10° K for a source luminosity close to the Eddington limit. 
The consistency of our model requires that the main sources of 
the CXB radiate at a level close to the Eddington luminosity 
limit. As case (1) is constrained to luminosities <1% of this 
limit'*, we concentrate on case (2). For reasonable sizes of the 
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condition applies to case (1) as the Gaynt factor for optically thin 
thermal bremsstrahlung emission at kT = 0.2 MeV would fail to 
provide an acceptable fit to the CXB spectrum observed (R. 
Shafer, personal communication). This suggests that there is no 
accretion disk during a black-hole accretion phase earlier than 
that corresponding to z = 4. For photon energies much less than 
the observed redshifted value of kT ~ 40 keV the CXB exhibits 
an effective energy spectral index’? a = 0.4. In this restricted 
regime, the CXB spectrum may be synthesized by a super- 
position of sources having power-law spectra with a = 0.4+0.1 
(G. DeZotti, personal communication}. For a source tempera- 
ture fivefold higher than that observed for the CXB (that is, 
(1 +z) 40 keV = 200 keV), case (2) provides acceptable spectral 
indices for values of the Kompaneets parameter (y = 1-2) 
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Table 1 PAG sources of the CXB 
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Central mass Mo © 1 (M y= 10°°M/M.) 
Black-hole specific angular momentum 0<a/M < 0.998 (a =J/M) 
Luminosity (10°7 erg s` ') (0.4-1.3) My 
Number (4-8) x 107 
Thermal characteristics 

Temperature: 2 x 10° K | 

Size: $107 GM/c* = (2x 101° Ma) cm 

Emission mechanism: unsaturated comptonization 

(with Kompaneets parameter y = 1-2) 

Redshift z = 4; Az = 0.3(qọ = 0.01) or Az = 0.4 (gp = 0.5) 
Composite luminosity (10°* erg s”')* = 1.4 (gy = 0.01) or 0.3 (go = 6.5) 
Co-moving density (10°? Mpc “*)* = I(gy = 0.01) or 7 (gg = 0.5) 
a a a ee 





and go = deceleration parameter. 
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characteristic of the model'*. For photon energies E ~kT, all 
these power-law spectra are modified by the required exponen- 
tial tail-off: exp (—E/kT). 

We start with Carr’s suggestion that black holes are generated 
and evolve towards masses up to ~ 10° M o by pregalactic pro- 
cesses beginning at z > 100. However, the thermostat associated 
with the temperature observed for the CXB would imply that 
these black holes develop significant accretion disks at z < 4. 
Before the formation of these disks, random pregalactic pro- 
cesses which involve spherical accretion are not expected to be 
efficient for X-radiation’®. Therefore, the X-radiation asso- 
ciated with accretion must be relatively unimportant until galaxy 
formation processes supply the matter associated with an ample 
accretion disk. Furthermore, pregalactic processes associated 
with random accretion should not cause appreciable spin-up of 
the black holes because the capture cross-section for negative 
angular momentum particles (opposite to the hole’s spin) is 
greater than that for positive angular momentum’’. Beginning 
at z <4, within the epoch of galaxy formation, these massive 
black holes acquire significant accretion disks for the first time 
and become the ‘seeds’ which distinguish precursor active 
galaxies (PAG) from galaxies which will evolve normally. These 
PAG sources of the CXB postulated here are characterized in 
Table 1. In this model, these PAG objects would be the thermal 
sources of the sort required for the CXB, but necessarily cooler 
than previously considered (kT <0.2 MeV). In the process of 
disk accretion on a time scale of ~10* yr, however, the central 
massive black hole of a PAG could increase in mass by a factor of 
~ 1.5 and be spun-up’® to a ‘canonical Kerr hole’, By this time 
black hole ergospherically induced”? electron-positron 
injection®'’*? could trigger and surge electromagnetic disk- 
dynamo mechanisms*’”*. Furthermore, the efficiency for energy 
transfer to the relativistic particles required for non-thermal 
radiation processes (such as synchrotron) could by then begin to 
increase appreciably, as the size of the acceleration region 
crows****, Hence, during transition, there may be some young 
active galaxies which are not yet sufficiently luminous non- 
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Fig. 1 Spectral density for the surface brightness of the 
extragalactic X-ray sky as a function of photon energy. The ‘total 
flux’ curve is the best-fit thermal spectrum (kT = 40 keV) for the 
background measured by Marshall er al.'. The power-law A 
represents the composite flux due to sources detected above the 
survey limit in the HEAO 2 deep exposures by Giacconi et al.*. The 
power-law ‘B’ represents the composite flux from active galaxies 
with 2 < 1, based on the local luminosity function determined? with 
HEAO | A2 and assuming no evolution, with qo = 0. The dashed 
lines are extrapolations. 


thermal disk-dynamo synchrotron sources to be readily 
identified as such while their thermal disk X-ray emission is still 
large. 

The spin-up of a black hole due to a radiating accretion disk 
reaches an equilibrium ‘canonical’ value’® (a/M ~ 0.998) when 
the hole’s mass increases by ~1.5 M (initial). Assuming that the 
radiation efficiency (e ) is constant and that the luminosity (L) is 
proportional to the Eddington limit (Legga), this increase of mass 
is achieved in a time (Af) after the formation of the accretion 
disk, given by 


(At)=4x108e(1-e) R! yr (1) 


where R =L/Legq. In such conditions the black hole mass and 
size increase exponentially with a characteristic growth time 
given by equation (1). More realistically, e changes during the 
accretion process. Initially, when e ~0.06, this growth time 
could be as short as 3X10’ yr (for R=1). At spin-up’, 
however, e = 0.3 and the characteristic time for further growth 
would be at least an order of magnitude longer (with R < 1). If 
the accretion rate is then ‘starved’ by a high angular momentum 
configuration of remaining gas, such as in a spiral galaxy, we 
might expect R « 1 and that any further growth within a Hubble 
time (~ 10?” yr) is relatively minor. The amorphous nature of the 
spiral galaxies associated with Seyfert nuclei may well be caused 
by a process which slowly feeds material from outer regions into 
the centre”. 

By the time of spin-up, given by equation (1), the innermost 
stable orbit of the accretion disk has amply penetrated the 
ergosphere’’, and electron—positron injection processes” asso- 
ciated with a canonical Kerr black hole are ‘switched on’. The 
time (Ar) to reach this state is the effective lifetime of the PAG 
phase. This canonical state of spin is insensitive to small (<10%) 
fluctuations in the matter accretion rate and the counter-torques 
due to radiation'®. In this context, the evolution of a PAG into a 
system involving a massive canonical Kerr hole may be viewed 
as an essentially irreversible process. Such behaviour is of the 
type needed for describing the observed evolution?’ whereby 
the sources of the CXB (for example, PAG objects at z < 4) lead 
directly to the active galaxies observed at later epochs. As a 
broad band of non-thermal radiation can eventually be 
generated at a relatively high efficiency*® (at the expense of 
weakened thermal disk emission*'’*), the thermal disk 
component could be masked for many of the brightest active 
galaxies, but might sometimes be observable. In this connection, 
the spectrum measured for the quasar 3C273 is consistent” with 
a substantial contribution from a thermal X-ray component at 
T=10°K, while the broad-band X-ray spectrum of QSO 
0241+622 is incompatible with such a feature*’. The PAG 
objects associated with Seyfert nuclei might involve galaxies 
where the amount of gas available for accretion from a low 
angular momentum configuration (for example, in a central 
bulge) is not large compared with that of the initial black hole. In 
this situation (such as one involving a spiral galaxy) we expect 
that a luminosity as high as 10*’ ergss~' (Eddington limit for 
10° M.) could not last much beyond spin-up. For appreciably 
longer time scales we assume R « 1; the resulting active galaxies 
could thereby survive to be observed in the present epoch (for 
example, as Seyfert galaxies) with much lower luminosities but 
with non-thermal spectra extending well into the y-ray band. 

The thermal component of the CXB corresponds to a surface 
brightness of 2.0x10 erg (cm*ssr)"'. For a Friedman 
cosmology with qo<0.5, Hy=100h kms™' Mpc™ and with 
most sources of the CXB at z =~ 4, the bolometric luminosity for 
the sum of all these sources, in their proper frame, is 2L > 
8x 10°h ergs’. The number of sources required for the 
CXB is N(CXB)=(4-8)x10’, so the implied average 
bolometric luminosity per source(L > 10*° h~? erg s“') is readily 
associated with the PAG objects postulated here as the limit 
R >0.3 is required to constrain the PAG lifetime from being 
much greater than ~10° yr (see equation (1)). If the central 
black hole were initially much less massive than ~ 10’ M e, then 
it would take substantially more than 10* yr (beyond spin-up) to 
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grow towards a mass where the luminosity could reach the level 
required here for sources at z ~ 4. Hence, such objects would 
not qualify as PAG sources of the CXB. 

The total number of PAG objects N(PAG) making up the 
CXB is fixed by the model in terms of the local density of active 
galaxies. A fundamental aspect of this model is that the density 
of PAG objects in co-moving coordinates remains constant 
during the time (Ar) of spin-up and that the co-moving density of 
active galaxies after production equals that of the associated 
PAG objects. Assuming that the PAG population is produced at 
a look-back time corresponding to z = 4, N(PAG) is given by 


N (PAG) = (1.4-8.9) x 10° Arh? (2) 


where the limits indicated correspond to qo = 0.5 and qo = 0.01 
respectively, Av (units of age of the universe) is the look-back 
temporal interval of the PAG phase, and $ is the co-moving 
density of PAG objects (in units of 10°* Mpc™?, the value 
measured”* for the local density of Seyfert galaxies and consis- 
tent with the local luminosity function for X-ray active galaxies“ 
in the luminosity range ~10%-10* ergs”! (3-50 keV)). For 
$ 21 and Ar ~10~ (corresponding to ~10° yr) equation (2) 
indicates that the number of PAG objects could well match the 
number of sources required for the CXB: N(CXB)=(4- 
8) 10’. The total mass involved in all the pregalactic black 
holes that precipitated these sources would be less than 107? of 
the known mass in galaxies. When most PAG objects are within 
Ar = 107 at z =4 then Az <8x 10°7(1+z), ensuring that the 
fractional spread in observed temperatures due to redshift 
would be <8%, compatible with the CXB spectral data. 

We conclude that most of the CXB could be generated by 
distant sources that are not usual active galaxies or quasars, and 
that they must have a relatively low ratio of optical to X-ray 
luminosity (that is dominantly X-ray objects). PAG objects at 
z <4 involving a massive (© 10° M o) black hole surrounded by a 
hot optically thin accretion disk radiating near the Eddington 
luminosity limit with an effective temperature ~2 x 10” K would 
meet this condition and yield the correct CXB spectrum and 
intensity. Furthermore, this model has the advantage of provi- 
ding an evolutionary track which links both the CXB and the 
non-thermal y-ray background directly to active galaxies, 
implying that massive (<10° M o) black holes are indeed asso- 
ciated with their internal dynamics (as suggested by X-ray 
observations?’ involving temporal variability). While the PAG 
sources of the CXB postulated here would have low optical 
continuum emission relative to quasars, strong emission lines 
comparable with those of quasars generated from a broad-line 
region photoionized”* by the central X-ray source could lead to 
a direct identification of these objects. As the average X-ray flux 
expected from a PAG is an order of magnitude below the survey 
limit for the HEAO 2 Einstein Observatory, they would not be 
well represented in the ‘complete’ sub-sample observed, but 
some of the dimmest unidentified objects detected should be 
considered candidates. 

We thank Richard Mushotzky for valuable discussions. D.L. 
is a NAS-NRC research associate. 
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Measurement of ionospheric winter 
anomaly in Southern Hemisphere 


Brian G. Ferguson 
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Environment, PO Box 702, Darlinghurst, 2010 Sydney, Australia 


The unexpectedly high ionospheric radio-wave absorption that 
occurs during winter at temperate latitudes is referred to as the 
‘winter anomaly’. These variations have been attributed to 
increases in the concentration of the minor atmospheric species 
NO and O,('A,), themselves important in the formation of the 
D-region. This anomaly involves an order of magnitude increase 
of the electron number density which, in turn, leads to an 
increase in the absorption experienced by radio waves propa- 
gating in the D-region. The phenomenon occurs between 75 and 
95 km, with the maximum enhancement near 80-83 km (ref. 1). 
We describe here a period of anomalous absorption observed at 
Camden, Australia (34°S, 151°E), during 15-17 June 1980. 
This anomalous event is significant because previous obser- 
vations of the winter anomaly have, in general, been restricted to 
the Northern Hemisphere, especially Europe and because our 
observation was made at a lower latitude than those suggested?” 
as the low-latitude boundary of the winter absorption anoma y: 
Previous measurements in the Northern Hemispher : 
placed the low-latitude boundary at about 37°N (for the 1968- 













69 winter?) and 35°N (for the 1971-72 winter’). The second 
measurement suggested an increase of 1dB per degree | oe 


latitude above the boundary. The magnitude of the anomalous 
absorption in our measurements, at 34°S, was 10 dB. The 
magnitude of this absorption suggests either that this event was 
very large or that the ionospheric response is different in the two 
hemispheres. 

The Al (or pulse amplitude) method for measuring iono- 
spheric absorption involves the measurement of the 
amplitude of radio-wave pulses reflected vertically from the 
ionosphere. An automatic Al system, which uses a micro- 
processor for both the various system control functions and the 
signal processing has been described elsewhere”. The equipment 
was installed at Camden, New South Wales, in December 1979 
and operates on a frequency of 1.91 MHz. A sample of the 
amplitude data (3-min medians) for 20 June 1980 is plotted in 
Fig. 1 as a function of local time (GMT + 10 h) between 08.00 
and 16.00 h. 

A convenient technique for characterizing the diurnal varia- 
tion in the amplitude data is to fit a second-degree polynomial 
(quadratic) to the observations by using least-square methods. 
For instance, the quadratic which best fits the observations for 
20 June between 08.00 and 16.00h is shown in Fig. 1. The 
scatter of points about this (solid) curve is attributed mainly to 
either non-dissipative amplitude fluctuations (fading) or to 
variations in the reflection mode. In addition, solar X-ray events 
can cause the data points to depart significantly (by >10 dB) 
from the quadratic curve describing the normal daily variation in 
the amplitude data. The ionospheric response to X rays of short 
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Fig.1 Al amplitude data (3-min medians) for the period 08.00- 
16.00 h, 20 June 1980. The full curve represents the second-order 
polynomial of best fit through the data points. 


wavelengths (<10 A) is to increase the concentration of elec- 
trons in the D-region through ionization of the neutral atmos- 
phere. This is accompanied by an increase in the absorption 
suffered by radio waves as they travel through the region of 
enhanced electron density. 

The quadratic curves of best fit (one for each day) for the 
periods 8-20 June (solid curves) and 4~11 July (broken curves) 
are superimposed in Fig. 2. A1 data for the intervening period 
were not available. Solar X-ray events during these periods were 
either of small intensity (C class events) or of small duration 
(<1 h), which indicates that the ionospheric response was not 
large enough to modify significantly the coefficients of the 
quadratic curves of best fit. However, this was not true for the 
data collected on 6 July, during which a large (M9) X-ray event 
produced an absorption increase of at least 60 dB between 
08.40 and 09.05LT. Consequently, the Al amplitude data 
associated with this event were omitted in determining the 
quadratic curve for 6 July. 
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Fig. 2 Quadratic curves of best fit for the A1 amplitude data for 
the periods 8-20 June (solid curves) and 4-11 J uly (broken curves). 


The days that exhibit marked anomalous absorption are 15, 16 and 
17 June 1980. Numbers on the curve indicate days of the month. 


Figure 2 shows that the days of 15-17 June were characterized 
by amplitude values which were consistently below those for the 
other days. Thus 15~17 June are classified as days which exhi- 
bited anomalous absorption. The minimum amplitude values of 
the quadratic curves associated with these anomalous days are 
~10 dB less than those for the adjacent days of 14, 18 and 19 
June. However, by considering days remote from the anomalous 
period (say 10 June and 10 July), the anomalous absorption 
seems to be ~15 dB. If the latter estimate of the magnitude of 
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curves of best fit for 
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the anomalous absorption is adopted, then the period associated 
with the winter anomaly can be extended to include 14, 18 and 
19 June. Thus the anomalous absorption for 14, 18 and 19 June 
was ~3 dB, while for 15-17 June it was ~15 dB. 

The winter anomaly in absorption also manifests itself in the 
Canberra (35°S, 149°E) ionosonde data. The appropriate 
parameter ts fmin Which is the lowest frequency at which an echo 
returned from the ionosphere can be detected on an ionogram. 
This parameter is observed to increase as absorption increases, 
for example, during solar X-ray flares. However, fmin is also 
affected by factors extraneous to ionospheric absorption, for 
instance, equipment characteristics and radio-frequency inter- 
ference. Figure 3 shows the medians of the scaled fmin hourly 
values for the periods 08.00-10.00, 11.00-13.00 and 14.00- 
16.00 h using a histogram format for the periods 8-20 June and 
4-11 July. For comparison, a graph of the minimum values of 
the quadratic curves of best fit for the A1 data is also shown for 
the same periods. The days characterized by enhanced fmin 
values coincide with days for which the absorption was 
anomalously high. 

The above preliminary analysis indicates that a period of 
anomalous absorption occurred during the winter of 1980 in the 
Southern Hemisphere. The Al amplitude data from Camden 
indicated that the anomalous absorption had a lower limit of 
10 dB and may have been as high as 15 dB, depending on the 
reference level. Enhanced fmin values were recorded on the 
anomalous days by an ionosonde located in Canberra. The 
results show that an asymmetry exists between the Northern and 
Southern Hemispheres with respect to winter anomalous 
absorption. Predictions based on data from only the Northern 
Hemisphere were found to be inappropriate as they failed to 
explain the existence of anomalous absorption at Camden. This 
suggests that the experimental programmes aimed at collecting 
data on the aeronomic (physical, chemical and dynamical) 
behaviour of the stratosphere/mesosphere during the forth- 
coming Middle Atmosphere Programme (1982-85), should be 
conducted in both hemispheres. The results should be analysed 
separately (according to hemisphere) rather than combining 
them into one data base which would average-out any asym- 
metry. Also, global aeronomic models should reflect the 
differences that exist between the hemispheres. 

I thank George Daniel for assistance with the diagrams. 
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Recent effort to construct trace metal complexation models in 
natural media*~ is a mark of the importance of chemical form in 
the biogeochemical behaviour of trace metals. Unfortunately 
such chemical modelling is difficult in many ways. Chemical 
speciation models of trace metals in complex natural media such 
as seawater are usually constructed using stability constants 
determined in simple media. We describe an alternative pro- 
cedure which can reduce the errors inherent in this approach. 
Using UV spectroscopy, we have examined lead speciation in 
seawater. The method is a means of describing metal speciation 
in seawater quantitatively using stability constants determined 
exclusively in seawater. Preliminary experiments indicate that 
the same approach can be used for other metals including 
copper. 
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Speciation models for lead in seawater (Table 1) alternatively 
predict: (1) that only lead carbonate complexes’ are important: 
(2) that lead carbonate species are unimportant and that lead 
chloride complexes are dominant?” ; (3) that lead hydroxide 
complexes are important; and (4) that lead hydroxide 
complexes are unimportant’. Sipos et al.° have described two 
models of lead complexation in seawater. In their second model. 
they adopt the chloride speciation scheme of Johnson and 
Pytkowicz’ and the concentration ratio of their dominant lead 
species, PbOH*/PbCO$%, diminished by a factor of 3.5 
compared with the first model. Three factors explain the obser- 
ved variability of models. (1) Stability constants are selected 
from a wide range of values. (2) Stability constants are generally 
determined in simple media and adapting these constants to 
seawater conditions introduces error. (3) Minor element speci- 
ation schemes depend on the speciation schemes adopted for the 
major constituents of seawater. Our approach eliminates the 
latter two sources of error, and provides an essential test of the 
various models constructed for lead speciation in seawater. 

Lead chloride complexation experiments used unfiltered sur- 
face seawater (34.7%. salinity) from the Gulf of Mexico which 
was enriched in lead (~7 uM in Pb(11)) with an acidic lead stock 
solution. The UV absorbance characteristics of these solutions 
were measured between 300 and 220 nm against a lead-free 
seawater reference solution. The test solution, housed in a 
10-cm pathlength spectrophotometric cell, was acidified with 
varying amounts of 1 M HCl, producing a series of absorbance 
versus pH curves at 25°C (Fig. 1). Cells were sealed except 
during measurements of pH. For each absorbance versus 
wavelength curve (Fig. 1) the solution pH (~log Ap) was 
determined with a micro combination pH probe (Micro- 
electrodes Inc.) calibrated on the NBS scale. Experiments were 
conducted at the naturally occurring total CO, concentration, 
2.05 x 107° mol total CO, per kg seawater. Total CO, and Mco» 
the total carbonate ion concentration, were calculated from pH 
and the initial carbonate alkalinity'®'’ using the apparent 
constants of Mehrbach et al.'?. 

The isosbestic point observed at 237 nm in Fig. 1 indicates 
that adsorption is not significant. The strong pH dependence 
demonstrates that lead is not exclusively complexed with 
chloride ions in seawater. PoCO§ and PbOH’ are thought to be 
important at high pH. Varying the pH of a lead-enriched 
seawater solution between 3.9 and 8.2 causes molar-absorp- 
tivity changes between 220 and 300nm which are highly 
dependent on the seawater’s total CO, content. The molar- 
absorptivity change is <250 M~'cm™’ at zero total CO, and as 
large as 1400M™'cm™' at the natural CO, concentration, 
2.05 x 10°° mol per kg seawater. The much larger change when 
carbonate is present suggests that PÞOH* is much less significant 
than PbCO3$. Hence plots of absorbance versus pH at constant 
wavelength will be distinctly different for different total CO, 
concentrations, and absorbance versus log Mco, at different pH 
will be nearly identical (Fig. 2). 

The results of five experiments were analysed quantitatively: 
three at total CO, 2.05 x 10°* mol per kg seawater and two at 
total CO, 9.84 x 10°* mol per kg seawater. Assuming PbOH™ is 
insignificant compared with PbCOS, the absorbance of lead in 
seawater can be described by'*''*: 


ao tae Bi Mco 
Å g 


(1) 
1+, ‘Meo, 


where ,A is absorbance at wavelength A, Mco, is the sum 
concentration of carbonate species (such as, COŻ", NaCo,, 
MgCO3, and CaCO$), ,¢,; is absorbance due to PbCO®, e, is 
absorbance due to the lead forms which dominate at low pH 
(principally Pb**, PbCl*, PbCI$ and PbCl;) and B, is the forma- 
tion constant of PbCO$. 

Lead-absorbance data were analysed at four wavelengths 
(240, 250, 260 and 270 nm) which did not require corrections 
for baseline variability with pH. Absorbance data at these 
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Table 1 Species composition of inorganic lead in seawater 


ee i a tt CC CCC A ta 


Model species Ref. 2* Ref. 3 Ref. 7 
PbCO®, Pb(COZ”)37 PbCO;Cl" = <i 18 
PbOH™, Pb(OH)$ PbOHCI® 2 15 5 
Pb?*, PbCI* PbCI8, PbCl;, PbSO3 98 84 73 





Ref. 4 Ref. 5t Ref. 8 Ref. 6 Ref. | 
40 22 47 65 77 100 
33 49 30 6 1 — 
2T 28 23 28 21 — 


ee pre srnameetnerrnnenennesontmecmemstiiinjmaneccenanmansncmntminciniataenesaanteteettrentt Ct tN NC 
Composition is given as a percentage of the total inorganic tead at pH 8. Totals <100% indicate that additional complexes contribute to the 


speciation scheme. 


* The Morel and Morgan? model was constructed for a hypothetical system which is quite similar to seawater in ionic strength and the free 


concentrations of Cl”, CO?” and H*. 
+ The Sipos ef al.” model is constructed for pH 8.1. 


wavelengths in five experiments were fit using equation (1) ina 
non-linear least-squares analysis'?'*. At 25.0°C and 34.7% 
salinity: 


„Mmeo = (10.0+0.3)x 10° (mol per kg seawater)” 
Me Mca; (2 
) 


where Mrco, is the concentration of PbCO3 and mixed ligand 
carbonate species*!*!*, and Mp, is the sum concentration of 
Pb?*, PbCl*, PbCIS, PbCl; and less significant species. This 
PbCO? formation constant enables Mpyco,/total Pb at 25.0 C 
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Fig, 1 Absorbance per molar cm of Pb(11) in natural seawater as a 

function of wavelength and pH. (Temperature 25.0°C; salinity 

34.7%: total CO,: 2.05 x 10-3 mol per kg seawater.) Absorbance 

data are corrected for baseline variation with pH at wavelengths 
<235 nm. 


and 34.7% salinity to be calculated when total CO, and pH are 
known. Mco, is calculated from total CO, and pH (see refs 11, 
12). The fraction of total lead present as PbCO§ can then be 
determined without knowledge of the ion pairing interactions of 
CO?“ with the major cationic seawater constituents, and there 
is no formation constant variation between seawater and the test 
medium. 

Using equation (2) at 25.0 °C, 34.7% salinity and total CO; of 
205x10 mol per kg seawater it can be shown that 
Monco./Total Pb 20.5 for pH 7.85. As seawater generally 


contains a greater total CO, concentration, PbCO§ seems to be 
the dominant form of inorganic lead in seawater. 

Expansion of equation (1) to account for the possible exis- 
tence of PhOH*, PhHCO? and Pb(CO;)3" in the test medium 
produced £, values similar to that in equation (2). Although 
formation constants for the species PhOH*, PbHCO3; and 
Pb(CO,)2° were ill-defined suggesting that these species were 
present only in low concentration, the analyses did produce 
upper 95% confidence limits which are useful for estimating the 
importance of each species in seawater (Table 2). The formation 
constant determined for Pb HCO} indicates that this species has 
little significance (M uco; ™ 2 X 107 mol per kg seawater). From 
its formation constant, PbOH” is unlikely to constitute more 
than 10% of the total inorganic Pb in seawater (pH = 8.3). From 
the B, upper 95% confidence limit, Pb(CO,)2> and PbCO$ could 
be present at approximately equal concentrations in seawater 
(Mco, = 3 x 10“ mol per kg seawater), but the existence of well 
defined isosbestic points makes this improbable. If Pb(CO3)2” 
were present at appreciable concentrations, its molar absor- 
bance at 237 nm would have to be identical to that of PbCOS to 
produce the observed isosbestic point. 

The present analysis requires that a 7 pM lead enrichment 
would not significantly alter the inorganic complexation of lead 
in seawater. This is satisfied because the appropriate ligands 
have concentrations >7 pM. The most unfavourable molar 
ratio, total CO,/Pb(1), is >290. Consequently, calculated 
values of Mco, are more affected by small experimental errors in 
measurement of pH than by lead enrichment, enabling this 
description of inorganic lead complexation to be applied to 
natural seawater. 

Our lead carbonate formation constants are strongly 
influenced by the ion pairing interactions of carbonate ion and 
possibly chloride ion with the major cationic constituents of 
seawater. However, as our methods do not require any parti- 
cular model of these interactions, our formation constants and 
conclusions are independent of these descriptive models. 

Constants of the form defined by equation (2) allow the pH 
dependence of Pb speciation in seawater to be described without 
assuming that activity coefficients are constantin diverse media at 
constant ionic strength. Our conclusions that the dominant 
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Table 2 Results of formation constant determinations in natural 
seawater at 25.0 °C and 34.7% salinity 








Species considered Formation constants determined 


PbCoO3 B,= 10.0% 10° 
Miva 
PbCO?, PÞHCO;  61=9.4x 10; uco = 14S 
ee 
PbCO’, PhOH* B,= 10.3 10°; B,= avi He<2x 107° 


M i 
B, = 12.3 10°: B, = g 73X 107 
Mp co, 


n aaa Nt 


PbCO, Pb(CO;)3" 


Concentrations of all chemical species except H“ are defined on a mol 
per kg of seawater concentration scale. Hydrogen ion activities, Ap, 
are operationally defined on the NBS scale k 
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Fig. 2 Absorbance per molar cm of Pb(11) in seawater as a 

function of pH and log Mco; at 25.0 °C and 34.7% salinity. Total 

CO, is 2.05 x 107? mol per kg seawater (AQ) or 9.84 x 107? mol 

per kg seawater (AW). Dashed lines are coordinated on the pH axis. 
The solid line is coordinated on the log Mco; axis. 


inorganic species of lead in seawater are PbCO} and lead 
chloride species are consistent with the models of Turner and 
Whitfield? and Zirino and Yamamoto’®. 

Other trace metals such as iron (111) and copper have intense 
absorbance spectra in the UV. The methods used here can be 
extended to investigations of the chemistry of iron and copper in 
natural media. Preliminary experiments indicate that studies of 
copper in seawater can be conducted within the natural pH 
range of seawater. The plasticity of the copper (11) coordination 
sphere’’ suggests that the activity coefficients of copper species 
may be significantly influenced by medium composition, and 
hence that the ‘natural medium approach’ may be especially 
useful. 

This research was supported by contract OCE-79-19397 
from the NSF and by contract EE-77-S-05-5486 from the 
Department of Energy. I thank Bill Miller for assistance in data 
reduction and analysis. 
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The deep oceanic basin occupied by the Weddell Sea separates 
the East Antarctic craton from the Antarctic Peninsula, a largely 
post-Palaeozoic orogenic belt. An understanding of the tectonic 
evolution of the basin would resolve most of the remaining 
problems of Gondwanaland reconstruction, which revolve 
around the relative positions of these two fragments and South 
America. Norton and Sclater’ conclude that Indian Ocean 
marine geophysical data essentially support the Smith and 
Hallam fit’, but the unacceptable overlap of undoubtedly old 
continental crust** on the Antarctic Peninsula and Falkland 
Plateau implies relative motion between the Peninsula and East 
Antarctica. Such motion is not required by the reconstruction of 
Barron and others” which, however, can be criticized on other 
grounds’’°, The marine geophysical observations within the 
intervening ocean basins have proved useful in formulating plate 
tectonic reconstructions, Fracture zone trends, seafioor spread- 
ing type magnetic anomalies, crustal heat flux, and crustal depth 
all provide clues to the timing and direction of the continental 
motions. The acquisition of geophysical data from the Weddell 
Sea region has been slow’’~’. However, the combined inter- 
pretation of the two largest data sets extant’”’* now being 
undertaken, seems likely to provide a more tightly constrained 
Gondwanaland solution. As a first step, we report here an 
estimated age for the Weddell Sea floor in the area bounded by 
60° and 73° S, 5° and 35° W shown in Fig. 1. 

Figure 1 also shows the tracks of cruises 1277 and 1578 of 
ARA Islas Orcadas in the Weddell Basin. Line drawings of 
seismic reflection profiles obtained on three long north-south 
lines during these cruises form Fig. 2. A zone W at 64°-65° S’” 
separates a more northern area of much greater basement relief 
from the more southern area being considered here. In this 
northern area, fracture zone orientations are highly oblique to 
the gross orientation of the magnetic lineations'** but the more 
subdued basement topography to the south suggests that frac- 
ture zones there are subdued and have only small offsets. The 
general depth of the basement increases southwards and, when 
corrected for sediment loading, is consistent with a Mesozoic 
age’*"" in the area south of zone W with younger crust to the 
north. 

Figure 3 shows our age model for the oceanic crust which 
floors the Weddell basin. The magnetic anomaly profiles plotted 
in Fig. 3 are from ref. 13 and are augmented by data collected 
aboard ARA Islas Orcadas and Project Magnet Flight 720. Note 
that the magnetic anomalies display a strong east-west lineation 
and seem to converge to the west. They are compared in Fig. 3 
with a magnetic model covering the time period 162-35 Myr. 
(anomalies M29-13'**”), Seafloor spreading rates vary from 
0.6 cm yr ' during the early Cretaceous to 0.9 cm yr™ during 
the Palaeogene. To model the smoothing effect of finite polarity 
transition zones within the oceanic crust we have convolved the 
magnetic polarity model with a gaussian function (o = 3 km)”. 
Rather than assume a magnetic pole position for the anomaly 
sequence, we have assigned a value of zero skewness to the 
pattern’. This effectively defines a family of probable pole 
positions though we must also account for anomalous skew- 
ness*°. The choice of zero skewness is based largely on the 
apparent symmetric nature of anomalies 33-34., All other 
anomalies can accommodate variations of up to +30° in the 
model skewness. 
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Figure 3 also shows synthetic fracture zones or flow lines 
(stippled lines) calculated for the various reconstructions of 
Norton and Sclater’. The flow lines display the displacement of a 
point on the Antarctica-South America spreading centre with 
respect to Antarctica fixed’’. The flow lines are small circles 
about stage poles calculated for South America motion with 
respect to Antarctica fixed. We have included flow lines for an 
M13 reconstruction assuming that the change in plate motions 
required by the initiation of seafloor spreading in the South 
Atlantic??? was accommodated by a change in Antarctica- 
South America relative motions. 

The spreading rates and directions inferred from the cal- 
culated flow lines match the observed data reasonably well with 
two exceptions. The flow line which represents crustal genera- 
tion during the interval M1-34 (Cretaceous Normal) was 
reduced in length by 80% from that predicted by the Norton and 
Sclater poles. This suggests either a significant error in the 
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Fig. 1 Map of Weddell Basin 
showing regional location of Fig. 3. 
Tracks of Islas Orcadas cruises 
1578 and 1277 are shown 
superimposed upon the regional 
bathymetry in meters’’. Encir- 
cled letters illustrate locations of 
seismic reflection profiles of Fig. 2. 


“As 


Norton and Sclater reconstructions for the time period, or an 
asymmetry in the seafloor spreading process such as a southward 
jump of the spreading centre. The dramatic change in spreading 
direction required by the opening of the South Atlantic in the 
Valanginian is not observed in the magnetic lineation pattern 
though a gradual reorientation of the anomaly pattern is 
perceived. | 

The strong lineation shown by anomalies 33-34 is consistent 
in direction and spreading rate with that predicted for Antarc- 
tica South America motion at the Agulhas Magnetic Bight**. 
The Weddell anomaly 33-34 sequence is a westward extension 
of the same anomaly sequence observed by Bergh and Barrett” 
north-west of the Maud Rise. The calculated lineation direction 
of the Bergh and Barrett sequence is in error, however, because 
of their assumption of symmetric seafloor spreading within the 
Agulhas Basin at the Africa-South America (or Malvinas) 
spreading centre”’. | 
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Fig.2 Line drawings taken from Islas Orcadas seismic reflection profiles located in Fig. 1. The locations of identified magnetic anomalies are 
indicated below each profile. Station numbers are from ref. 26. 
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Fig.3 Magnetic anomaly profiles 
in the Weddell Sea from Islas 
Orcadas cruises and Project 
Magnet flight 720. Model 
parameters: layer depth, 6km; 
layer thickness, 500 m, skewness 
parameter @=0; transition zone 
width, w= 12 km; magnetization, 
0.01 emucm?, spreading rates: 
35-80 Myr BP =0,9 cm yr™’, 80- 
108 Myr BP = 45 cm yr’, 108-165 
Myr BP=0.6cmyr . Flow lines 
for South American motion with 
respect to Antarctic fixed are 
shown as stippled lines and are 
explained in the text. Ages along 
flow lines are expressed as mag- 
netic anomalies and are underlined. 


Heat flow measurements taken on board Islas Orcadas cruise 
1578 reveal a general northerly increase in heat flux within the 
Weddell Basin?*. High heat flow values observed within the 
Weddell Basin have led to proposals that the Weddell Basin may 
have formed as a marginal basin during Tertiary times”®. The 
data presented above strongly suggest a much older age for the 
Weddell Basin. In Figure 4 ages are assigned to the Weddell heat 
flow stations using the age model presented in Fig. 3, and the 
Weddell heat flow stations are compared with the global mean 
values compiled by Parsons and Sclater’*. The ‘high values 
observed at stations 55 and 40 have been discussed by Zlotnicki 
et al. and may be accounted for by local basement peaks (station 
55) and the general variability of individual heat flow values. 

The data and model presented above is a first step in tracing 
the separation of South America and Antarctica since the 
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breakup of Gondwanaland. Our interpretation of the geophy- 
sical data including fracture zone trends, depth to basement, 
magnetic anomaly lineations, and heat flux indicates that the 
southern Weddell Basin is pre-late Jurassic to Cretaceous in age. 
Basement age becomes progressively younger to the north and is 


‘Cenozoic in age north of Zone W. We conclude that the Weddell 


Basin in the area studied was formed at the southern flank of a 
spreading centre. The northern flank has probably been sub- 
ducted beneath the Scotia Sea’**””* or parts may be trapped 
within itf. The general conformity of the observed spreading 
pattern with that predicted along several lines of evidence for 
South America—Antarctic relative motion suggests that the 
spreading centre formed the South American-Antarctic plate 
boundary throughout much of the breakup of Gondwanaland. 
The westward convergence of the Weddell magnetic lineation 


Fig. 4 Comparison of Weddell Basin heat 

fiow values (O) with the Parsons and Sclater 

heat flow curve (@) using the proposed 
basement ages. 
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pattern suggests that the poles of rotation which describe the 
separation of Antarctic-South America are located very near 
the Antarctic Peninsula. 
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The marked differences of pre-Carboniferous geology between 
Anglesey and of mainland North Wales are accounted for by 
Devonian transcurrent faulting probably caused by stresses 
resulting from the closure of the Iapetus Ocean. Displacement 
along this fault is thought to have exceeded 100 km, so that the 
Lake District and not Anglesey would formerly have been in 
juxtaposition with North Wales. 

The Carboniferous Limestone of Anglesey can be closely 
correlated with that of the North Wales mainland’, so that in 
Viséan times the two areas probably had the same geographical 
relationship as today with continuity of sedimentation between 
them. There is no reason to suppose that the underlying Carbo- 
niferous Basement Beds of the two areas do not have a similar 
relationship. This is in accord with the concept of a Lower 
Carboniferous sea encroaching southwards from the Irish Sea 
Basin onto a landmass of older rocks’. 

These older rocks present a very different picture. The Pre- 
cambrian of Anglesey consists of a bedded series of arenaceous 
and argillaceous sediments with subordinate basic volcanics— 
the Mona complex**—ranging in metamorphic facies from 
greenschist to amphibolite. The only comparable rocks on the 
mainland are those of southwestern Lleyn® and of the River’s 
Mouth Formation at Caernarvon*®. The Precambrian of the 
mainland—the Arvonian—consists essentially of acid and 
intermediate volcanics (of the Bangor and Padarn ridges’ and of 
Brynteg Borehole’ in the Harlech Dome), which have suffered 
only a low degree of metamorphism. Unless these rocks are 
represented by the Baron Hill Beds and the Bwich Gwyn 
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Felsite®°—an unlikely correlation—the Arvonian seems to be 
absent in Anglesey. 

Greenly’ provisionally assigned several small outliers in 
Anglesey, including those of the Careg-onen Beds and the 
Trefdraeth Conglomerate, to the Cambrian, but later’ consi- 
dered them to be older. The only fossils recorded in Anglesey 
that may be of Cambrian age are stromatolites''"'’ and micro- 
fossils? from the Gwna Group, supposed by Greenly” to be 
Precambrian rocks. The rocks containing the stromatolites, 
however, are associated with mélange and therefore may be 
derived blocks in much younger deposits. Indeed, there is 
stratigraphical evidence (unpublished) showing that at least part 
of the Gwna Mélange is of Ordovician age. Whether Cambrian 
rocks are absent in Anglesey or whether they are represented in 
the Mona Complex (as the above evidence and the stratigraphi- 
cal interpretation of Barber and Max!* suggest), there is a 
marked contrast with the mainland where, only a few kilometres 
away across the Menai Strait, are some 2,000-3,000 m of slates 
and grits. Moreover, these latter rocks apparently overlie the 
Arvonian conformably or with no great disconformity. 

The Ordovician rocks of Anglesey, ranging up to basal 
Caradoc’, differ from those of the mainland in several major 
respects. The generally black mudstones of the former contrast 
with the predominantly grey silty mudstones of the latter, and 
there is a greater development of arenaceous rocks in Anglesey. 
Volcanic rocks, which form such a significant part of the main- 
land Ordovician sequence, are unknown in Anglesey with the 
probable exceptions of the Fydlyn Felsite'* and the relatively 
thin lavas and tuffs underlying the Middle Llandovery sediments 
at Parys Mountain'®. Mélanges, a feature of the Ordovician of 
Anglesey, where they range in age from Arenig to Caradoc, 
have not been recorded elsewhere in North Wales. In contrast to 
the mainland, there is evidence of a major pre-Caradoc uncon- 
formity in Anglesey'*. This may extend throughout the island, 
but is best demonstrated in the north, where Caradoc sediments 
apparently rest on Llanvirn, Arenig and Monian rocks. Upper 
Caradoc and Ashgill rocks are absent in Anglesey, with the 
possible exception of the thin volcanics separating Llandovery 
(M. argenteus Zone) and Llanvirn (D. bifidus Zone) shales at 
Parys Mountain. The Ordovician shelly faunas of Anglesey, like 
those of south-east Ireland and Ramsey Island, Pembrokeshire, 
have Celtic (Baltic) affinities, whereas those of mainland Wales 
belong to the Anglo-French (Anglo-Welsh) province se 

The only known Silurian rocks in Anglesey are ~50 m of 
shales at Parys Mountain, attributable to three graptolite zones 
of the Llandovery. Unlike the equivalent rocks on the mainland, 
these contain bands of lithic tuff’®. Assuming that the volcanics 
underlying the Llandovery rocks at Parys Mountain are of 
Ordovician age, the lower part of the Llandovery sequence of 
the mainland, which is conformable on the Ordovician, is absent 
in Anglesey. 

The Old Red Sandstone is absent in North Wales except in 
Anglesey, where it is represented by some 500m of 
conglomerates, sandstones and siltstones, probably belon ging to 
the southern British development**. 

The structure of the Lower Palaeozoic rocks of Anglesey is 
clearly related in both form and trend to that of the basement. 
There is evidence that Ordovician sedimentation was controlled 
by renewed movement on structures within the Mona 
Complex'’. Although the basement has not been proved on the 
mainland, it seems most unlikely that the structure of the Lower 
Palaeozoic rocks reflects that existing in the basement at depth. 

This account of fundamental geological differences between 
Anglesey and the mainland points out the anomalous position of 
the island with respect to the rest of North Wales in pre- 
Carboniferous times, suggesting that the two areas did not come 
into juxtaposition before the late Devonian. So far as the 
Precambrian is concerned, separation into an oceanic and a 
continental plate can be effected by a subduction zone—along 
the Penmynydd Zone of Metamorphism in southeastern 
Anglesey. Activity on such a zone can perhaps be extended to 
Tremadoc times—to the end of the Avalonian orogenic 
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event™??, During the Ordovician and Silurian periods, however, 
the operative subduction zone must have lain much farther to 
the north-west, beyond Anglesey and the Lake District. Closure 
of the Iapetus Ocean is invoked to account for faunal contrasts 
between the Ordovician Scoto-Appalachian and Celtic pro- 
vinces, but the differences between Anglesey and mainland 
North Wales, belonging respectively to the Celtic and Anglo- 
French provinces, have not been satisfactorily explained”. 

Plate tectonics alone, therefore, do not seem to provide a 
solution to Anglesey’s anomalous position, and it is suggested 
here that the answer might be found in transcurrent faulting. A 
northeasterly trending dextral fault with a lateral movement of 
at least 100 km is envisaged in the vicinity of the Menai Strait 
(Fig. 1). Such a fault would have a greater displacement than the 
parallel sinistral Great Glen Fault, but be of lesser magnitude 
than the subparallel dextral fault postulated”? along the Iapetus 
Suture, across Ireland and through the Solway. It has been 
suggested**, however, that the Great Glen Fault may have 
undergone up to 100 km of post ~400 Myr dextral movement, 
and there is doubt”? about the magnitude of the movement alon g 
the Iapetus Suture. 

The credibility of this speculative transcurrent fault between 
Anglesey and the rest of North Wales depends on finding areas 
of compatible geology that could have been adjacent to each 
before the fracture occurred. In the case of the North Wales 
mainland the appropriate area is the Lake District. 

The oldest known rocks in the Lake District are pelitic and 
arenaceous sediments of the Skiddaw Group, ranging in age 
from Arenig to Llanvirn. These are comparable to sediments of 
similar age in North Wales and, like them, contain volcanics— 
the mid~Arenig tuffs and lavas of the southwestern Lake Dis- 
trict*®, and the Llanvirn Eycott Volcanics of the northern Lake 
District”. The Eycott Volcanics are interpreted as the tholeiitic 
belt of an island-arc environment, and the overlying Llandeilo to 
Caradoc Borrowdale Volcanics as the calc-alkaline belt?*. The 
Ordovician volcanics of North Wales have been interpreted as 
part of the calc-alkaline belt in this setting’*. Southwards and 
later this belt gives way to alkaline volcanics. The proposed 










Fig. 1 Map showing the pro- 
posed transcurrent fault and the 
pre-Carboniferous (Silurian) posi- 
tions of Anglesey and the Lake 
District relative to Wales. The line 
of the fault approximates in the 
north-east to the Dent Line, pass- 
ing southwestwards beneath 
Carboniferous and later cover to 
run along the Menai Strait (the 
Dinorwic Fault), where transcur- 
rent movement has previously 
been deduced "* from the extensive 
development of mylonites. The 
fault crosses the Lleyn (where it 
may have been dislocated by 
subsequent transcurrent faulting) 
from Porth Nefyn to the western So 
side of Hell’s Mouth, confining the fo EERE 
Precambrian rocks, which have Sena - 
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transcurrent fault, bringing the two calc-alkaline areas closer 
together and reducing the width of the belt, as well as eliminat- 
ing Anglesey from the picture, is advantageous to this model. 

Apart from the locally deposited Coniston Limestone and 
associated beds at the base, the rest of the Lower Palaeozoic 
sequence in the Lake District is closely comparable with that of 
mainland North Wales, and it is not unreasonable to suppose 
that the two sequences were deposited in juxtaposition. The 
Ashgill Shale Formation” of the Lake District is lithologically 
similar to the Bodeidda~Deganwy Mudstones of the Conway 
area”, the Rebecca Grit of the former”! correlating with the 
Conway Castle Grit of North Wales. The two Llandovery 
sequences are virtually identical, the Skelgill Beds of the Lake 
District equating with the succession below the Pale Slates of the 
Conway area, and the Browgill Beds with the Pale Slates 
themselves’. In the Wenlock there is a marked lithologica! 
similarity between the turbiditic Brathay Flags and the Lower 
Nantglyn Flags, the Lower Coldwell Beds of the Lake District 
and the Denbigh Grits Group of Wales being proximal facies 
derived at different times from the west. A prominent band of 
calcareous concretions in the Cyrtograptus centrifugus Zone 
near the base of the Denbigh Grits Group? compares with a 
similar band in the same zone in the Lake District and Howgill 
Fells*’. The Middle Coldwell Beds are lithologically identical to 
the Mottled Mudstones of the Denbigh area, the upper leaf of 
the former” having the same zonal position (Monograptus 
ludensis) as the Upper Mottled Mudstone. In the Ludlow the 
Upper Coldwell Beds equate with the Upper Nantglyn Flags, 
and the overlying Coniston Grits and Bannisdale Slates are the 
recognizable equivalents of the lower and upper parts of the 
Elwy Group respectively. The Coniston Grits are derived 
dominantly from the north-west”’, whilst the slump sheets with 
sandstones at the same horizon in Wales come from the west?. 
Higher Silurian horizons exposed in the Lake District are not 
known in North Wales. 

The trends of the Caledonian folding in the Lake District and 
North Wales, swinging from SW-NE to W-E towards the 
east, show a better fit when the two areas are in north-south 
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juxtaposition than in their present geographical positions 
(Fig. 1). 

If the Lake District and the North Wales mainland are 
matching parts of an Ordovician island-arc sequence and of a 
Silurian basin of sedimentation torn apart by the proposed 
transcurrent faulting, we must look southwestwards for the area 
originally adjacent to Anglesey, if it still exists. The obvious 
candidate is south-west Wales (Pembrokeshire and Carmar- 
thenshire). Here, although the Cambrian is markedly uncon- 
formable on the Precambrian and there are Ordovician faunal 
similarities between Ramsey Island and Anglesey as well as 
agreement between the heavy mineral assemblages of the Old 
Red Sandstone of Pembrokeshire and Anglesey*’, the general 
affinities of south-west Wales are with the North Wales main- 
land. Thus the Uriconian-type volcanic sequence composing the 
Precambrian of Pembrokeshire compares with the Arvonian 
rather than the Mona Complex, there is a thick Cambrian 
succession, an Ordovician sequence containing limestones, thick 
volcanics and no recorded mélanges, and, in west 
Pembrokeshire, a well developed Silurian succession extending 
through the Wenlock and Ludlow into the Downtonian. 

Anglesey is more comparable with southeastern Ireland. The 
Precambrian para- and ortho-gneisses with mylonites of the 
island and of the Lleyn Peninsula’ are not dissimilar from those 
of the Rosslare Complex**. The basic intrusions forming the 
Rosslare dyke swarms** may be represented in Anglesey by 
basic dykes cutting gneisses, for example, at Treferwyd'*. The 
Coedana Granite of Anglesey and the Sarn Granite of the Lleyn 
belong to the same orogenic episode as the Carnsore Granite 
intruded into the Rosslare Complex**. The New Harbour Group 
of Anglesey is similar to the ?Precambrian Cullenstown Forma- 
tion'* and the South Stack Formation to the Lower to Middle 
Cambrian Bray Group’. As in Anglesey, there is a pre-Caradoc 
unconformity in southeastern Ireland, though the overlying 
rocks of the latter, the Duncannon Group, are predominantly 
volcanic’. There is insufficient detailed knowledge of the 
Llandovery rocks of southeastern Ireland to attempt a 
comparison with Anglesey. Structural trends (east-northeast- 
erly to northeasterly) in this part of Ireland are similar to those in 
Anglesey. The form of the folds in the Irish Lower Palaeozoic is 
also reminiscent of the situation in the Monian and Ordovician 
of Anglesey. 

The line of the proposed transcurrent fault is shown in 
Fig. 1. 

South-west of the Lleyn the fault probably runs down St 
George’s Channel to lie off the coast of south-east Ireland (Fig. 
1), but possibly swings farther west through Rosslare Harbour 
and along the mylonite zone of the Rosslare Complex ‘**?°, 
separating the gneisses of the latter from the rest of Ireland. An 
offshore position is favoured, however, because of geophysical 
evidence of a major fault in this region*'*? and the likelihood 
that the northern boundary of the subsequent Celtic Sea Basin”? 
corresponds to the line of such a major pre-existing fault?°*°**, 

A dextral movement of at least 100 km is envisaged along the 
proposed fault (Fig. 1). This movement not only removes 
Anglesey from its present incongruous proximity to North 
Wales, but creates a more rational relationship between the 
latter area and the Lake District. A more southwesterly location 
for Anglesey would also bring the Silurian tuffs of the island 
closer to the zone of known Silurian volcanism extending from 
the Dingle Peninsula, through Skomer, to the Mendips*. 
Similarly a more southerly position for the Lake District 
diminishes the inclination of a southeasterly dipping Lower 
Palaeozoic Benioff Zone originating along a trench approxi- 
mately through the Solway. K,0/SiO, plots for Borrowdale 
volcanic rocks (unpublished data) suggest, following studies of 
potash—depth relations**, that the depth of the Benioff Zone 
below the central Lake District was of the order of 235 km. This 
gives a dip from the Solway (allowing for 50% crustal shorten- 
ing*’) of ~65°, an excessive figure in comparison with that 
quoted*® for modern continental margin arcs (~40°). The re- 
location of the Lake District as in Fig. 1 gives a Benioff Zone dip 


of ~45°, which angle would be further reduced by a more 
southwesterly Ordovician location. 

The cause of the dextral transcurrent movement can be 
looked for in NW-SE compressional stresses following the final 
closure of the Iapetus Ocean in Devonian times, the same 
explanation invoked” for similar lateral movement on the line 
of the Iapetus Suture itself. Major transcurrent movements 
affecting the Caledonides of the British Isles and North America 
in the mid-Devonian and extending over ~20 Myr are indicated 
by palacomagnetic studies**. 

The Devonian movement may have been merely the 
culmination of dextral wrenching initiated in the Cambrian or 
Precambrian. Whilst Fig. 1 shows the best fit of the Lake District 
and North Wales for the Silurian rocks, there is evidence that a 
more southwesterly position for the Lake District would be 
better for a match of the Ordovician rocks of the two areas. The 
fault might, therefore, date back to the Cambrian or Pre- 
cambrian and its line might have been dictated by the position of 
the Penmynydd subduction zone during its active lifetime. This 
situation would be similar to, for example, the present position 
in New Zealand, where, at an active plate junction, there is an 
intimate relationship between the subduction zone forming the 
Kermadec-—Tonga Trench and the subparallel strike-slip Alpine 
Fault*’. 

It is feasible that major northerly and northwesterly faults in 
North Wales and northwestern England originally developed as 
conjugate fractures to the proposed transcurrent faulting. The 
age (around 355 Myr as shown by K-Ar dating) and direction 
(ENE-WSW) of the main suites of metalliferous veins in 
Anglesey (Parys Mountain'®), the Lake District (Vale of 
Newlands”’), Central Wales (Plynlymon mining field*') and 
Salop (Shelve area’) suggest that these veins may occupy 
tensional structures associated with dextral transcurrent faulting 
of the proposed trend, a situation in keeping with the theory” of 
hydraulic fracturing. 

This paper is published with the permission of the Director, 
Institute of Geological Sciences (NERC). 
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During the Triassic, north-west Europe was subjected to 
tensional stresses which resulted in the formation of a complex 
system of rapidly subsiding grabens and wrench-faulted basins. 
This pattern of regional crustal extension, which is part of the 
larger scale Mesozoic break-up of the Pangean megacontinent, 
is related to the Triassic opening of the Tethys Ocean in southern 
Europe and rifting in the Arctic North Atlantic, and is a prelude 
to the Jurassic opening of the southern North Atlantic’. Great 
thicknesses of generally continental sediments, often with salt 
deposits, accumulated in the Triassic basins, which were mainly 
avolcanic. In western Britain, a complex series of fault-bounded 
basins extended from the Western Approaches and Channel 
area northwards to the Irish Sea, and includes the Worcester 
graben and the Cheshire Basin. The present study of the halite 
formations in the Cheshire Basin shows evidence for penecon- 
temporaneous fault movements; these were a feature of Triassic 
times but it is rare that such movements can be detected so 
precisely as is the case here. 

The Cheshire Basin is filled with Triassic sediments dating 
from the Anisian (lower Middle Triassic) and reaching several 
kilometres in thickness**. There are two thick halite develop- 
ments in the sequence: a lower Northwich Halite Formation 
(290 m) and an upper Wilkesley Halite Formation (400 m)*. 
Each of these consists of a series of halite units up to 40 m thick 
separated from each other by horizons of dolomitic silty clay 
(‘marl’). Between the halite formations, and above and below, 
there are thick formations of marl of the Mercia Mudstone 
Group, previously referred to as the Keuper Marl. In the ICI 
mine at Winsford, Cheshire, where these studies were under- 
taken, halite is being extracted from two beds in the lower part of 
the Northwich Halite Formation. 





Fig. 1 Photograph of the roof of the mine at Winsford, Cheshire, 
showing large-scale polygonal pattern (polygon is 14 m wide). 
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Although principally flat-lying, the halite units in the Cheshi, 
Basin are locally folded into monoclinal structures, which may 
impart a 45° dip on the beds. The trends of the monoclines are 
controlled by faults in the underlying Carboniferous basement. 
Several of the monoclinal structures, trending NE-SW, occur in 
the area now being mined at Winsford. 

The Cheshire halite shows well defined bedding on a scale of 
10-50 mm, resulting from an alternation of pure and less pure 
halite. The salt was deposited from standing bodies of water 
which were at most only several metres deep’. Bromine analysis 
indicates a marine source for the water (R. M. T., in pre- 
paration), although the nearest seawater at the time would have 
been many hundreds of kilometres distant in southern or 
northernmost Europe. 

On bedding surfaces of the halite, best seen on the roof of the 
mine, spectacular polygonal patterns are present®’. These 
polygons are up to 14 m wide and are defined by 0.5 m-thick 
bands of secondary salt interlayered with clastic material (Fig. 
1). Extending down to 6 m from the polygons, and so seen on 
mine walls, are tapering V-shaped fissures, with the same 
layered fills. The layering in the fissures is arranged as a series of 
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Fig. 2 Sketch from photograph of the wall of the mine at Wins- 
ford, Cheshire, showing deep V-shaped fissures and upturned 
bedding between each fissure. 


10 mm wide subvertical bands running parallel to the sides of the 
fissure. Notably, the fine bands in the fissure fills are paired with 
a mirror-symmetry about a central unit of secondary salt. Bed- 
ding in the halite is upturned adjacent to the fissures (Fig. 2). We 
propose that each of the clastic layer pairs represents a single 
opening and filling of the original crack. Capillary brine drawn 
up the crack, from an underlying ground water table, pre- 
cipitated the secondary halite. The highly layered nature of the 
fissure fills thus represents successive openings and fillings of the 
crack. 

The formation of the polygons and fissures is attributed to a 
process of thermal contraction, acting on the halite after its 
deposition when it was subaerially exposed’. The formation of 
thermal contraction polygons in halite is very similar to that of 
periglacial polygons where thermal contraction of ice is 
involved*. Indeed, the thermal properties of salt and ice have 
much in common, both having high coefficients of linear thermal 
expansion. When an exposed salt surface is subjected to 
temperature fluctuations a polygonal pattern, defined by open 
fissures extending down into the salt bed, is formed during 
colder periods. The open fissures may then be filled with clastic 
material transported to the area by wind or water. During 
subsequent surface temperature increases, the salt surface re- 
expands and causes compaction of the clastic fissure fill material. 
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_contraction-crack infilling-expansion of the surface 
alt causes bending up of the salt beds adjacent to the 
| ‘The polygons in Cheshire show that there were long 
intervais of exposure and non-deposition after evaporation to 
dryness of the water body from which the halite was pre- 
cipitated. 

It can be demonstrated’ that the thermal contraction cracks 
were induced by temperature fluctuations operating over an 
annual period. Such temperature fluctuations are well docu- 
mented from modern deserts, including Death Valley, Califor- 
nia, where dry salt lakes with polygonal cracks are known’. 

In some areas of the mine at Winsford, polygons are not 
developed, but in their place stripes occur. These form two 
linear belts, trending NE-SW, which can be traced across the 
whole mine area. The internal layering of the stripes and their 
associated fissures are identical to those of the polygons and 
their fissures, so that a process of thermal contraction was also 
involved. The location and orientation of the linear stripe 
patterns are significant: they run parallel to the axes of two 
monoclinal fold structures and are only developed close to the 
upthrow side of the monoclines, where they replace the poly- 
gons (Fig. 3). 

Patterns of stripes associated with polygons have been 
described from several locations’”''. Neal’' demonstrated that 
stripes would form in sediments subjected to desiccation if they 
were located on a slope. The sediments would be pre-stressed, 
because of the effects of gravity, so that on contraction the stress 
pattern would be mirrored in the pattern of desiccation fissures 
produced: that is, a striped pattern which trends normal to the 
dip of the slope. Striped patterns on slopes associated with 
polygons are also. found in the periglacial environment in ice- 
rich sediments. A process of thermal contraction (but of ice) is 
also involved, but where stripes form, they are always orientated 
parallel to the dip of the slope. The reason for this is that ice-rich 
sediments have the ability to flow downslope. This has the effect 
of modifying the original polygon form through several phases 
from stretched polygons to stripes orientated down the slope. 

The striped patterns in the Cheshire halite are thus taken to 
indicate the development of a slight slope on the surface of the 
halite which must have been the result of contemporaneous 
movements on the underlying basement faults. That the stripes 
in the halite are parallel to the monoclinal fold axes, and thus 
normal to the dip of the slope that existed, shows that the 
movements on the faults caused the salt above the fault to 
become stressed, due to the bed being stretched over the fault. 
When thermal contraction cracking affected the newly exposed 
salt surface, polygonal patterns formed on the unstressed areas 
away from the fault-monoclinal axes and striped patterns 
following the stress pattern formed on the pre-stressed areas 
above the basement faults. 

The thermal contraction polygons and stripes in the Triassic 
Cheshire halite show that there were contemporaneous move- 
ments on Carboniferous basement faults. If the fault movements 
occurred after thermal contraction cracking had begun, the 








Fig. 3 Schematic block diagram showing the relative positions of 
polygons and stripes in the ICI mine at Winsford. 
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resultant crack pattern close to the upthrow side of the fault 
would be extremely complex, being made up of both polygons 
and stripes. However, the striped areas in the Winsford mine 
have a very simple pattern containing only stripes. This then 
indicates that the fault movements must have occurred either 
immediately after halite precipitation had ceased, and the salt 
bed became emergent, or during salt deposition, and it was this 
movement that caused the salt bed to become subaerially 
exposed. It is likely that such movements affected sedimentation 
in the Cheshire Basin in other ways, such as contributing 
towards the periodic cutting off of the Cheshire Basin from its 
distant marine water source, and affecting the siliciclastic supply 
for the basin by controlling rates of uplift of surrounding 
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Direct measurements of fossilized Pliocene hominid footprints 
yield only spatial information, such as the length and angle of 
step’. A more complete description of gait requires temporal 
information so that parameters such as the number of steps 
taken per minute (cadence) or speed of walking can be cal- 
culated. The relationships between step length, cadence and 
speed of walking have been worked out for modern man and 
regression equations of high predictability are available”. When 
measurements from the hominid footprints are fitted to these 
equations a pattern of gait emerges which contradicts previous 
reconstructions. As we report here, the pattern of gait consistent 
with the reported footprint measurements from Laetoli is one 
that might be described as ‘strolling’, in which the stride is quite 
short, even when related to the maker’s height. 

The data reported from Laetoli include the lengths of each 
foot (/) and ‘stride’, but contrary to the most widely accepted 
convention the latter actually represent steps or half-strides. 
Usually stride-length (L) is defined as the distance between two 
consecutive points of contact by the same foot, which means that 
a stride is made up of two steps. This distinction between step 
and stride is critical in attempting to reconstruct gait. White* has 
assessed the stature (S) of the makers of the Laetoli footprints, 
he used data obtained from modern, small people, the Mawabi 
Pygmies, whose mean foot-length he found to be equivalent to 
15.5% of stature. Independent assessment of stature of the East 
African hominids agrees that they were very small”. Thus, from 
the measurement of stride-length and the estimated stature we 
can calculate relative stride-length (L’). 


Stride-length (m) 


Relative stride-length, L’ = 
i Stature (m) 
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The curvilinear equation for predicting V’ from L’ is 
V'i(i- 
r= 60V' (1—82) (1) 
a2 
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Fig. 1 Graph of stride-length (in units based on fractions of 
stature) against speed (in units based on fraction of stature covered 
overground per second) for a normal adult population. In the small 
portion of the range of relative speeds relevant to this analysis the 
relationship is linear. The bar on the ordinate reflects the normal 
range of relative strides available to human adults. The relative 
speeds of the early hominids whose footprints have been reported 
indicate a slow traverse across the Laetoli ash beds. Table 1 shows 
how the ordinate values for hominids leaving trails 1 and 2 are 
obtained. 


Measurements of gait, such as time and length of stride, vary 
with walking speed. When walking together, at a speed cal- 
culated in standard units such as ms‘ “, a tall and a short subject 
have very different step-lengths and cadences, the shorter 
individual having to increase one and/or the other, in order to 
‘keep up’. These differences in gait due to stature may be 
factored-out by measuring speeds in units of body length 
covered overground per second”*”; thus: 


Velocity (m s~?) 


R 1 ti d, y'= 
elative spee Stature (m) 


Tabie 1 Gait parameters measured and derived from the Laetoli 


footprints 
Hominid trails 
Source or 
Measure Units Symbol 1 2 derivation 
Foot-length. m fi 0.185 0.215 Direct measurements 
Stride-length m L 0.774 0.944 Ref. 2 
Foot-length- = l 418 439 “ 
per stride 
Stature m RY 1.49 139 $=100//15.5 
Ref. 4 
Relative stride Stat | by 0.65 0.68 L'=L/S 
Relative speed Stats? V' 047 0.52 L'=(60 V'(1- 
BaV a2 
Ref. 5 
Velocity ms? V 056 0.72 V=V'S 
Stride time S T 1.38 1.31 T=L/V 
Cadence Steps G 87 92 C=120/T 
min` 





where constants a2 = +63 (males), +69 (females), and 8 = 0.58. 

Figure 1 plots relative speed against relative stride using 
Grieve’s equation and our own data collected from a population 
of 13 normal young adult caucasian Canadians (6 males, 7 
females). Using the measured stride-length and estimated sta- 
ture, it is possible to calculate values for the relative strides of the 
el hominids and to use these values to estimate relative speed 

Fig. 1). 

We use here data from footprints of the two hominids repor- 
ted by Leakey and Hay? from site G in fossil locality 8 at Laetoli. 
They assigned the 22 smaller prints to one individual, designat- 
ing these as trail 1, and the 12 larger prints to a second 
individual, assigned to trail 2. (Evidently there is far more 
assurance of these trails than of those found at site A.) The data 
measured from the footprints at site G, together with the gait 
parameters derived from them, are shown in Table 1. 

Given that modern man normally walks at about 0.86 relative 
speed”, it can be seen from Fig. 1 and Table 1 that the Laetoli 
hominids walked slowly (around 0.50). Recognizing that in 
modern man almost every measurable aspect of gait is related to 
speed, we suggest that in field work the walking speed can be 
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0 0.4 0.8 1.2 
Relative speed 
Fig. 2 Graph of stride-lengths in units of foot-length against 
relative speed, for the same normal young adult human group, 
showing mean values +1 s.d, Based on the relative speed assess- 
ment from Fig. 1, the appropriate ordinate values, measured 
directly off the substrate are plotted, confirming without need of 
stature estimates of the hominids that their pattern of gait was 
essentially human. 


determined on the basis of the foot-length and the length of 
stride, which can be measured directly from a set of footprints. 
Through the most used portion (0.4-1.0) of the range of relative 
speeds open to modern man there is an approximately linear 
relationship between the number of foot-lengths in one stride 
and relative speed (Fig. 2). Thus, even without estimates of 
stature it is possible to determine whether the gait was slow, 
medium or fast, and whether footprints made side-by-side are 
likely to suggest individuals walking along together or traversing 
the same path but at different speeds and times. Figure 2 
confirms our reconstruction of slow speeds, not just slow in 
human terms, but slow even for these small hominids. 

We have not intended to make definitive statements about the 
characteristic gait of the Laetoli hominids, but rather to show 
workers in the field how they might reconstruct gait patterns of 
early bipedal hominids when further trails of footprints are 
found. Our calculations using data published from Laetoli are 
based on certain assumptions: that the measurements made on 
the footprints are accurate, that the prints are indeed those of 
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early bipedal hominids and that in any sequence of two or three 
prints only one individual is represented. We used White's 
estimate of stature’, but even using the upper and lower limits 
from White’s tables, and values from groups other than the 
Mawabi Pygmies our conclusions would not be substantially 
altered. 

If we assume that the relative proportions of the feet of 
Pliocene hominids are essentially the same as those of modern 
man‘, and that their gait was functionally equivalent’®, our 
determinations of the walking patterns of the hominids (Table 1) 
are valid, for they are the values that would be expected from 
modern human subjects of small stature. 

Our reconstruction challenges previous claims? that the stride 
is *... quite long relative to the creatures small size”. On the 
contrary, it is quite short relative to its maker’s stature. Grieve'' 
has given the adult range of relative strides (Fig. 1) from which it 
is apparent that a relative stride-length ~0.65 is closer to the 
lower end of the normal range. Normal young adults select 
‘comfortable’ or ‘preferred’ walking speeds remarkably close to 
the 0.86 relative speed??? Grieve?" has pointed out that 
walking speeds are situation dependent, but we believe that 
unless some environmental or motivational constraint was 
acting on these hominids to walk slowly (in the sense of cau- 
tiously), the patterns thus far reported from the ashfall tuff of 
Laetoli are patterns consistent with what humans call ‘strolling’. 
In these conditions there is no need to invoke a narrow step- 
width or variable step-angle as evidence of a pattern in any way 
different from that of modern man; normal humans, strolling at 
around 0.4 relative speed, often exhibit the same features. 
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Fireflies, beetles of the family Lampyridae, use flashes of 
bioluminescent light for sexual communication—by means of 
coded patterns, males and females identify and locate each other 
in darkness’. In sexual signalling of Photinus macdermotti 
(eastern United States) the male emits two flashes separated by 
~2 s and the female then waits ~1 s before replying with a single 
flash (Figs La, 2a)". Females of Photuris versicolor and Photuris 
‘B’ mimic the reply of P. macdermotti females thus attracting P. 
macdermotti males, which they eat (Fig. 1b, c). When the 
predators are decoying P. macdermotti males, they sometimes 
produce ‘extra’ flashes that mimic the ‘competition’ flashes used 
by the males when competing for females (compare Fig. 1d with 
e)°. I suggest here that the male competition flashes (that the 
predators mimic) might also be mimics of the predator’s own 
mimicry. 

This complex interaction, the apparent product of a long 
co-evolutionary ‘arms’ race*, is more comprehensible when a 
model for its evolution is considered (Fig. 3). The predators also 
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mimic the responses of single-flash species’ anc it is of special 
importance to the model that predators became tuned to P. 
macdermotti’s double flash only after they mimicked and preyed 
on single-flash species. Mimicry mistakes during this evolu- 
tionary transition initiated the path to the ‘meta-mimicry’ pro- 
posed here. The success of the tactics of each deceiver, compet- 
ing male and predaceous Photuris female, depends on the 
influence the other has had, and continues to have on the system. 
That is, each mimicry provides the basis of support (model) for 
the other—such reciprocal mimicry is a new phenomenon to 
science, 

The competition flashes (injections) that male P. macdermotti 
inject into the coded dialogues of rivals and contested females 
are made during the last 0.6 of the rival’s flash pattern (Fig. 2b). 
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Fig. 1 Chart traces of firefly flashes and interactions, recorded 
with a photomultiplier system during natural and experimentally 
manipulated interactions in the field and laboratory. Abscissa 
represents time, measured as a ratio (in the text) with 1.0 being P. 
macdermotti male p-p; interval (this removes temperature 
effects): ordinate, relative intensity. a, P. macdermotti male's 
characteristic two-pulse (that is, pı +p) flash pattern, and female 
answer. b, Simulated male pattern with aggressive mimic P. versi - 
color giving false answer. c, Same as b, with Photuris ‘B female 
giving false answer. d, Male flash pattern with rival injection (I); no 
female response. e, Simulated male pattern with predator P. versi- 
color giving false injection but no false answer. f, Simulated P. 
macdermotti male pattern, with injection (I) by rival male P. 
macdermotti and answer by female. g, Simulated male pattern with 
aggressive mimic P. versicolor emitting both false injection and 
false answer. h, Same as g, except aggressive mimic Photuris ‘B’ 
female. i, Various injection forms of competing P. macdermott 
males. Note similarity to false answers (j) that aggressive mimics 
give to single, short flashes (see text). 
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Fig. 2 Time-positioning of various flashed signals and mimicries involved in the reciprocal mimicry phenomenon. Abscissa represents time, 
measured as a fraction of the interval between the two flashes (p; and p, in Fig. 1) of the P. macdermotti male pattern (this corrects for | 
temperature differences among recording sessions as signalling parameters are temperature, dependent). The first male flash (p,) occurs at time 0; 
the second flash of the male pattern (p2) occurs at time 1. a, Timing of P. macdermotti female flash responses, centering ~0.5 units after 1 (pa). b, 
Timing of P. macdermotti male competition flashes (injections). ‘Steal’ and ‘synch’ indicate other male tactics®. c, Timing of predators’ false 
injections (mimicking P. macdermotti male injections, see b) and false answers (mimicking macdermotti female answers, see a). Note the time 
correspondence between the false injections in c and their model in b above; and between false answers in c, and their model in a above. Note 
particularly that injections and false injections centre ~0.6 units after the preceding male flash (p, at time 0), but answers and false answers centre 
~0.5 units after the preceding male flash (p, at time 1). d, Timing of the flashed responses used by predators when answering isolated single 
(non-paired) flashes—presumably the response given to some as yet undetermined, single-fiash prey firefly. Note that this response oS ~0.3 
time units after the malg stimulus flash that precedes it. 


(Decimal fractions are used to indicate time-positioning because 
the ‘clock-time’ of these signals varies with temperature. Unity 
(1.0) is the mean period between the two flashes in the time- 
coded pattern of flying, searching males”.) Injected flashes take 
various forms. Those discussed here are simple, like those in the 
normal flash pattern (Fig. 1i, asterisk), and occur between 0.5 
and 0.8. The timing of these injections is similar to that of the 
false injections emitted by both Photuris predators (Fig. 2c). 
(Injections occurring later than ~0.8 seem to be involved in 
other competitive, photic tactics; Fig. 2b, ‘steal’ and ‘sync’’.) 

The false injections (male imitation) and the false answers 
(female imitation) of predaceous females are two different 
responses, not merely an identical ‘pause then flash’ response 
given after different flashes of the two-flash male pattern. That 
is, the predators do not simply adopt the same response, but use 
two different pauses.(that is, each matching its own model). Note 
that false injections (Fig. 2c) are centred at ~0.6 time units after 
the male flash that precedes them (p, is at 0), and false answers 
centre at 0.5 time units after the male flash that precedes them 
(p2 is at 1.0). Note also the difference in timing of the two in the 
recordings (Fig. 1g, h). 

The stimulus that elicits the two responses in the predon is 
the two-flash pattern (the species-specific pattern’ of P. 
macdermotti males). In contrast, if single flashes are presented at 
long intervals (>5 s), and therefore a P. macdermotti-prey sign- 
stimulus is not seen by the predator, a different response (pause 
time) is evoked—this is probably used to prey on another 
species. In both P. versicolor and ‘B’ this consists of a very short 
pause, and a modulated flash that is longer than those given in 
response to P. macdermotti patterns (Figs 1j, 2d). This demon- 
strates that the false injection is not merely a misplaced false- 
answer that is correctly used when preying on males of some 
single-flash species, and it further supports the conclusion that 
the false injection is a specifically tuned response. 

The success of mimics on both sides (predator and prey) 
depends on the influence the other has on the system. The false 
injections of Photuris must enhance their attraction of prey 
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because P. macdermotti males use their injections to gain 
advantage over rivals (J.E.L., in preparation), and selection has 
favoured males that are not duped, but instead continue 
approaching with caution. The injections of competing males 
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TO AVAILABLE CONSPECIFIC FEMALES. 
Fig. 3 Model of an evolutionary ‘ arms’ race (conflict PO RTE, 
leading to reciprocal mimicry of P. mácdermotti males and their 
predators, Photuris females. A number of variants and engine are 
possible. 
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continue to influence rival behaviour because Photuris females 
continue to use them to prey on males. An individual of either 
species that abandons its mimicry is at a disadvantage in its own 
individual reproductive effort, thus natural selection indepen- 
dently maintains both components of this reciprocal mimicry. 

Historical interactions that may have led to this dual mimicry 
(Fig. 3) will be discussed in more detail elsewhere, but a further 
possible mimicry is worth noting because it relates to the 
presumptive evolutionary origin of false injections, mistakes 
sometimes made by predators. About 75% of the injections 
made by P. macdermotti males during competition are double or 
triple flashes (Fig. 1i), which resemble flashes made by Photuris 
in response to single-flash stimuli (Fig. 1j). Males emit these 
modulated flashes only during mate competition. Their strong 
resemblance to flashes made by Photuris further suggests a 
highly refined mimicry system. 

The communicative-deceptive transactions of these fireflies, 
both predators and mate-rivals, are more complex and finely 
tuned than expected. Similar refinement and subtlety probably 
exist in the communicative ecology of most insects, particularly 
in the contexts of female mate assessment and choice, but escape 

detection and general recognition because of the technical 
difficulties that their signals, especially chemical ones, present to 
discovery and analysis. Fireflies, therefore, offer unique oppor- 
tunities for investigation of insect communication. 

I thank J. Alcock, T. Forrest, J. Sivinski, R. Thornhill, T, J. 
Walker and R. Dawkins for helpful comments on the man uscript 
and S. Wineriter for preparing the illustrations. This work was 
supported by Departmental and personal funds. It is Florida 
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Removal of bound calcium 
from nematocyst 
contents causes discharge 
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Nematocysts are the stinging organelles of jellyfish, sea anem- 
ones and other cnidarians. Each one consists of a closed capsule 
filled with fluid. In the resting state, part of the surface of the 
capsule is inverted, forming a tubular thread, which is everted 
explosively on excitation. The mechanism of explosion is not yet 
understood’; it may be relevant to exocytosis in general, as the 
nematocyst is a specialized type of exocytotic secretion ori- 
ginating in the Golgi apparatus*. Picken and Skaer’ observed 
that the capsular fluid showed a large depression of freezing 
point, suggesting that the osmotic pressure might be as high as 
140 bar. They tentatively ascribed the explosion to a sudden 
increase in permeability of the capsule wall, allowing a rapid 
osmotic influx of water. However, there is evidence that the 
material of the thread itself may be capable of some degree of 
extension®” and it has been suggested that osmosis plays no part 
in discharge’. We present here a new theory: that the capsule 
wall is permeable to water even in the undischarged state; 
discharge is initiated by an increase in the osmotic pressure of 
the capsular fluid which is brought about by removal of bound 
calciam ions. 
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The work was carried out on holotrichous isorhizas from the 
mesenterial filaments of the coralliomorpharian anemone 
Rhodactis rhodostoma. These nematocysts have the advantage 
that they are large enough (150 pm long) to be manipulated 
individually with fine steel needles. All manipulations were 
carried out in liquid paraffin. Before use, the nematocysts were 
isolated from the mesenterial filaments by teasing with needles 
and cleaned of mucus and cell debris by drawing them carefully 
across a glass surface. Experimental solutions were injected as 
droplets into the liquid paraffin and the nematocysts transferred 
from one droplet to the next using a steel needle. Measurements 
of refractive index were carried out with a Zeiss Jamin-Lebedeff 
system and with a Baker image-shearing interference system 
equipped with a fringe-field eyepiece. The freezing point 
depression of the contents of intact individual capsules was 
measured by a method to be described in detail elsewhere. It 
consisted essentially of placing the isolated nematocysts in liquid 
paraffin inside a sealed chamber which was immersed in a 
refrigerant of a Ramsay-Brown freezing point apparatus’. 
The chamber was viewed microscopically and the forma- 
tion and melting of ice crystals within individual capsules 
observed. 

This new method of in situ measurement revealed slightly 
higher freezing point depressions than those observed by Picken 
and Skaer', who used nematocysts of Corynactis and deter- 
mined the freezing point of extracted samples of fluid. Our in situ 
measurements on Rhodactis gave values for A°C of —5.4 to 
-8.2 (€ = 6.2,n = 15), whereas those of Picken and Skaer were 
-4.2 to —5.9. These values correspond to high notional osmotic 
pressures, but, as mentioned by Wolf’, there is no simple 
relationship between osmotic pressure and freezing point 
depression for concentrated macromolecular solutions. Without 
further knowledge of the chemical composition of the capsular 
fluid, the osmotic pressure cannot be deduced. 

As previously observed’, the capsule fluid had a high refrac- 
tive index. Undischarged capsules gave values as high as 1.378- 
1.388, corresponding to dry mass concentrations of 25-30% 
(n = 4) in excess over seawater, assuming a refractive increment 
of 0.0018 (ref. 9). The latter assumption is valid if the capsule 
solutes are protein, glycoprotein, carbohydrate or amino acids. 
Capsules which discharged spontaneously underwent a dramatic 
drop in refractive index over several seconds, which caused the 
specimens to pass through four orders of interference colour. 
The final value of refractive index corresponded to a mean dry 
mass excess over seawater of only 0.56% (s.d.+0.16, n = 10) 
which is probably due to the mass of the capsule wall. It is 
therefore clear that during discharge there is a massive influx of 
seawater into the capsule, as observed by others, and that the 
capsule contents are completely replaced. These observations 
show that a concentrated and probably highly osmotically active 
solution in the capsule is drastically diluted during discharge; 
thus far our findings are consistent with the theory of Picken and 
Skaer. 

Further experiments were performed in an attempt to dis- 
cover the nature of the process that initiates the influx of water. 
Attention was directed to calcium because microprobe 
measurements have shown that the capsule fluid contains cal- 
cium at a concentration of about 600 mM per kg wet weight". 
Isolated nematocysts could be made to discharge by placing 
them in a droplet containing 10 mM potassium citrate!’ with 
10 mM imidazole buffer, pH 7.0. A similar solution without 
citrate was ineffective. The excitatory effect was blocked by the 
addition of 50 mM CaCl, to the citrate /imidazole solution (only 
1 capsule out of 15 discharged). This blockage was peculiar to 
calcium, other cations being ineffective: 15 capsules out of 15 
discharged in each case when NaCl, KCI or MgCl, was used as 
50 mM solutions in place of CaCl. The stimulatory effect of 
citrate is almost certainly due to its chelation of calcium; similar 
effects were obtained with EGTA. This experiment indicates 
that calcium ions stabilize the nematocyst in some way (as 
suggested by Blanquet'') and moreover that their removal may 
be the cause of discharge. 
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Table 1 The effects of CaCl, and sodium citrate on the tonicity of 
undischarged capsules 


No. of shrunken capsules 


Experiment ist solution 2nd solution 
CaCl, followed by sodium citrate 5 0 
CaCl, followed by CaCl, 5 5 
Sodium citrate followed by CaCl, 0 5 
Sodium citrate followed by 0 0 


sodium citrate 


In each experiment, groups of five undischarged capsules were placed 
sequentially for 1min each in two separate solutions containing 
40% w/v polyethylene glycol, 50 mM imidazole buffer, pH 7.0, and 
either 50 mM CaCl, or 50 mM sodium citrate; the state of expansion of 
the capsules was recorded. A repeat of these experiments with 50 mM 
MgCl, added to the citrate solutions gave similar results. Previously 
discharged capsules containing only seawater shrank in all the above 
solutions. 


One possibility was that calcium might prevent discharge by 
rendering the capsule wall impermeable to water. To test this 
hypothesis, undischarged capsules were placed in a series of 
stain solutions containing 50 mM imidazole buffer, pH 7.0, and 
50 mM CaCl,. Capsules were found to be impermeable to a 5% 
solution of blue dextran (molecular weight (MW) 2 x 10°) or to 
1% Alcian blue (MW 1,265), even when left for several minutes. 
However, 1% solutions of phenol red (MW 354), sodium 
fluoresceinate (MW 376) and bromophenol blue (MW 670) 
were all able to permeate the capsule, reaching approximately 
the same concentration as outside within 10-20 s; capsules that 
had been permeated with stain retained their ability to discharge 
when placed in a buffered 10 mM citrate solution. These results 
show that the wall of the undischarged capsule is permeable to 
charged molecules of relatively low molecular weight. It there- 
fore seems likely that very small molecules such as water can 
diffuse rapidly in and out of the undischarged nematocyst. 

We have considered two other possible mechanisms for the 
action of calcium. One is that the osmotic pressure of the 
internal fluid is constant and is continuously exerted; discharge 
is then made possible by a localized weakening of part of the 
thread or capsule wall, due perhaps to the loss of calcium as a 
cross-linking agent. This seems unlikely, as the capsule expands 
briefly before discharge, as previously observed’, indicating an 
increase in hydrostatic pressure. An alternative mechanism is 
that the removal of calcium changes the nature of the capsule 
fiuid such that the osmotic pressure increases. 

The latter hypothesis was tested by measuring the tonicity of 
undischarged capsules with and without calcium in the bathing 
medium. To prevent discharge, it was necessary to use a solute 
that could not readily penetrate the capsule wall but was of low 
enough molecular weight to allow an external solution of rela- 
tively high osmotic pressure; polyethylene glycol of MW 1,500 
was chosen. Undischarged nematocysts were placed in solutions 
containing 40% w/v polyethylene glycol, 50mM imidazole 
buffer, pH 7.0, and either 50 mM CaCl, or 50 mM sodium 
citrate (Table 1). The capsules shrank when placed in the 
calcium solution, but re-expanded when placed in the citrate 
solution. In the reverse experiment, capsules placed first in 
citrate remained expanded, but shrank when transferred to the 
calcium solution. These results cannot be ascribed to the 
increase in the osmotic pressure of the bathing medium due to 
the addition of the calcium salt, as the addition of 50 mM MgCl, 
to the citrate solutions failed to cause shrinkage. Therefore, 
these experiments strongly suggest that the tonicity of the 
capsule fluid in the presence of calcium ions is lower than in their 
absence. 

We propose that the isolated capsule is continuously perme- 
able to water and the internal hydrostatic pressure due to 
osmosis is sufficient to keep it turgid but insufficient to produce 
discharge. The normal stimulus for discharge is the removal of 
calcium from the nematocyst fluid, presumably in ionic form. 
This results in an increase in the osmotic pressure of the fluid. 


$01 


The molecular basis of this process is not yet clear; it could 
involve the dissociation of a macromolecule, creating a larger 
number of osmotically active particles. 
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Immunoradiometric assay of 
human leukocyte 
interferon using monoclonal antibody 
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Interferon research has been hampered by problems in its assay. 
The only widespread assays use tissue culture cells and compare 
some parameter of viral growth (such as viral RNA synthesis or 
host cell death) in the presence and absence of interferon’. 
These complex biological assays, though sensitive, are laborious 
and subject to inherent variability. In particular, components 
other than interferon present in the assay sample often influence 
viral growth. There is clearly a need for a simple, direct, 
interferon assay; I now describe such an assay—an 
immunoradiometric assay utilizing monoclonal antibody. 

The isolation and properties of a monoclonal antibody (NK2) 
specific for human leukocyte interferon (Hu-IFNa) were 
recently reported”. This antibody was used to purify Hu-IFNa 
by immuno-adsorption chromatography. The use of labelled 
antibody (immunoradiometric assay) rather than labelled 
antigen (radioimmunoassay) may offer improved assay sensi- 
tivity for the reasons given by Miles and Hales? for insulin assay. 
Monoclonal antibodies are much more easily purified than are 
monospecific antibodies from conventional antisera and so will 
allow the widespread exploitation of the advantages of 
immunoradiometric assays. For this reason, it was of interest to 
develop a labelled antibody sandwich assay, in which a sheep 
anti-interferon antibody’ is attached to polystyrene and serves 
to anchor the interferon present in the sample to the solid phase. 
The bound interferon is then detected by the addition of 15I- 
labelled NK2 (monoclonal anti-Hu-IFNa) and measurement of 
the counts bound to the solid phase. 

Three forms of polystyrene were used as the solid phase: 
(1) 3-ml test tubes (LP3, Luckham); (2) 96-well microtitre trays 
(M24, Gibco); and (3) 6.5-mm beads (Northumbria Biologicals). 
In the first case the whole tube was counted to measure the 
bound '?°J-NK2. When trays were used the bottom of each well 
was cut off with a hot wire and transferred to a clean tube for 
counting. In the third case the beads were incubated in 20- or 
60-well trays (93-0402, 93-0340, Abbott) and transferred to 
tubes for counting. The incubation volumes used were 1 ml or 
0.1 ml (tubes), 0.1 ml (wells) and 0.2 ml (beads). All three 
supports were satisfactory and for assaying large numbers of 
samples the beads were preferred for their convenience. 

NK2 antibody was purified from the serum and ascites fluid of 
mice carrying NK2 tumours by ammonium sulphate pre- 
cipitation and DEAE-ion-exchange chromatography, labelled 
by the chloramine-T method and desalted on a Sephadex G-50 
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(fine) column. The labelled IgG had a specific activity of about 
2 Ci pmol” or about 1 atom ‘I per molecule IgG. 

In each assay a standard curve was constructed using either 
the interferon reference standard MRC 69/19 or a laboratory 
standard. Such a curve is shown in Fig. 1. The counts bound at 
8,000 U ml! were at a maximum, no further increase was 
observed with interferon concentrations up to 10° U ml’. The 
low level of nonspecific binding (<1%) of input counts is an 
important characteristic of the sandwich assay. 

The assay conditions (Fig. 1 legend) were chosen for the 
convenient measurement of samples encountered in the 
purification of interferon, with concentrations of ~10°~ 
10’ U ml™. Solutions containing >10° U ml" are diluted by 
serial dilution and the titration curve obtained matched to the 
standard curve. 
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Fig. 1 Standard curve for measurement of interferon concen- 
tration by immunoradiometric assay (as obtained by J. Walker). 
IgG was purified from a sheep anti-Hu-IFNa antiserum’ (450,000 
neutralizing units per ml) by ammonium sulphate precipitation and 
DEAE-cellulose ion-exchange chromatography and coated on 
polystyrene beads by incubation of the beads at 4 °C for 16 h in the 
sheep IgG (20 pg ml’ in PBS, 5 mM EDTA, 0.1% NaN3). Several 
hundred beads were coated, washed in PBS, 10% horse serum 
(Sera-Lab), 0.1% NaN, (HS medium) and stored in HS medium at 
4°C, Assay trays (20- or 60-well, Abbott) were incubated with HS 
medium at 4°C to block any sites for protein attachment. Inter- 
feron samples were diluted in HS medium and duplicate samples 
(200 ul) added to antibody-coated beads (1 bead per well). After 
4h at 4°C the beads were washed with 12 ml HS medium each 
using a combined dispenser/aspirator (Pentawash, Abbott). After 
removal of any residual medium, 1251.NK2 (purified IgG, 
40,000 c.p.m.) was added and incubated for 16 hat 4 °C. The beads 
were washed as before and transferred to a y-counter. The dotted 
line indicates the background c.p.m. bound when the coated beads 
were incubated in HS medium without interferon. The IFN 
concentration is expressed in Reference Research Units (RRU) 
per ml using the MRC standard 69/19 (National Institute for 
Biological Standards and Control). 


The immunoradiometric assay offers considerable advantages 
over the conventional biological assays. Since the antibody- 
coated polystyrene can be stored at 4 °C, samples can be assayed 
at short notice and the results are obtained within 24h of 
beginning the assay. The reproducibility, between assays, of the 
immunoradiometric assay is much better than that of biological 
assays; four measurements of a solution of 2,000 U ml”' gave a 
value of 3,063 + 345 c.p.m. in independent assays in which the 
input c.p.m. was 47,000-53,000 c.p.m. Only small amounts of 
sheep antibody are used, since the IgG solution used to coat the 
polystyrene can be used several times without apparently 
reducing the sensitivity of the assay. The quality of the sheep 
antibody may not be a critical factor in the success of the assay, 
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Fig. 2 Standard curve for low levels of interferon. Interferon 

samples were prepared by dilution of the reference research stan- 

dard in HS medium and assayed as in Fig. 1 legend except that only 

23,000 c.p.m. 125) NK? was added to each bead. The dotted line 

indicates the background c.p.m. bound and was the mean of eight 
values (s.e.m. = +6 ¢.p.m.). 


and other antibodies to Hu-IFNa could probably be substituted. 
The assay exploits the specificity of the monoclonal antibody 
NK2, and because this is the product of a hybrid myeloma cell 
line in culture it can be produced in large amounts without any 
change in quality. Finally the assay is inexpensive (especially 
since all the plastic ware except the beads may be re-used), lends 
itself to automation and several hundred samples can be assayed 
by one person in a day. Antiviral assays will still be needed to 
detect any interferons that do not possess the NK2 antigenic site 
(including IFN@ (ref. 5) and possibly some members of the IFNa 
family) and to confirm biological activity in antigenically positive 
molecules. 

For the measurement of interferon in biological fluids an assay 
must be capable of detecting much lower levels of interferon 
than those encountered in production and purification. Figure 2 
shows that at low interferon concentrations the counts bound 
are proportional to the interferon concentration, and concen- 
trations of =50 U ml"! can be reliably measured. 





[IFN ](RRU mit} 


Fig. 3 Interferon assay in the presence of human serum. LP3 
tubes were coated with sheep anti-interferon (100 pl per tube, 
conditions as in Fig. 1 legend). Lymphoblastoid interferon (from 
stock of 10° U ml‘) was diluted in HS medium (@) or undiluted 
normal human serum (©) and 100-pl samples assayed in duplicate 
by incubating at 4 °C for 4 h, washing with 3 x 2 mi HS medium and 
then incubating. for a further 16h at 4°C in the presence of 
35,000 c.p.m. '°I-NK2 IgG (100 pl). After washing again the 
tubes were counted for radioactivity. 
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A limitation in the conventional assay of interferon in serum 
or other biological fluids has been the need to dilute the sample 
until the effects of other non-interferon substances that affect 
viral growth no longer mask the action of the interferon. Dilu- 
tion of a sample of lymphoblastoid interferon in either phos- 
phate-buffered saline (PBS), 10% horse serum, 0.1% NaN, or 
in undiluted normal human serum resulted in identical titration 
curves (Fig. 3), indicating that the immunoradiometric assay 
overcomes this problem. 

The lower limit in the measurement of serum interferon by 
biological assays has been sufficient to detect interferon in the 
serum of some patients with acute viral infections and in the 
serum of patients to whom interferon has been administered. 
This sensitivity is insufficient, however, to measure the inter- 
feron (if any) in normal human serum. 

It should be possible to improve the sensitivity of the 
immunoradiometric assay still further by optimizing the condi- 
tions at low interferon concentrations. In any case the sensitivity 
of the assay can be further increased by prior concentration and 
purification of the interferon on a small NK2-affinity column. 

I thank Dr K. Cantell for sheep anti-interferon antiserum, Dr 
Cantell and Professor D. C. Burke for gifts of interferon and for 
critical discussions, Drs J. Nagington and J. Walker for 
collaborative studies to be published separately and for intro- 
ducing me to the coated bead system of radioimmunoassay, Dr 
C. Milstein for suggestions and encouragement, and R. E. 
Hawkins and L. T. Davies for technical assistance. 
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The histocompatibility-Y (H-Y) antigen is a minor histocom- 
patibility antigen which has been detected on cell surfaces from 
the heterogametic sexes of mammalian, bird, amphibian, teleost 
and invertebrate species'*. H-Y is thought to be a male- 
determining substance in mammals because of its almost perfect 
correlation with maleness among a variety of mammalian spe- 
cies. To characterize the molecular determinant responsible for 
H-Y-specific serological activity, H-Y-positive immunoabsor- 
bent cells were first subjected to various treatments which alter 
protein or carbohydrate structure and then tested for their 
ability to absorb H-Y antisera. We present here evidence that 
the serological determinant of H-Y antigen is carbohydrate. 

To assess the dependence of H-Y serological activity on 
polypeptide structure, absorbing cells were treated with the 
proteases trypsin, a-chymotrypsin and thermolysin. After 
enzyme treatment and washing, treated splenocytes were used 
to absorb an aliquot of H-Y antiserum. In this and all 
subsequent experiments, absorbed sera were tested for cyto- 
toxic activity against male murine epidermal cells. Splenocytes 
treated with either trypsin, a-chymotrypsin or thermolysin 
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showed almost the same absorptive capacities as untreated 
splenocytes (Fig. 1). These results indicate that H~Y-specific 
serological activity is resistant to these three proteolytic enzyme 
treatments. 

To determine the dependence of H-Y serological activity on 
carbohydrates, absorbing cells were treated with periodate, 
which oxidizes 1,2-dihydroxyethyl linkages found in glycosyl 
residues. Splenocytes were treated with varying concentrations 
of periodate and washed in a protein + sugar-supplemented 
medium before absorption. Sensitivity of H~Y-specific absorp- 
tion to periodate treatment, as well as subsequent experimental 
treatments, were quantified as corrected per cent inhibition of 
absorption, as defined in Fig. 2 legend. As a control, the same 
treatments were performed on absorbing cells bearing antigens 
of the H-2” haplotype. Such serological determinants are 
thought to be contained in amino acid sequences**, These data 
show H-Y-specific absorption to be ~ fivefold more periodate 
sensitive than H-2 (Fig. 2a). 

A more direct assessment of the carbohydrate dependence of 
H-Y serological activity can be made by treating absorbing cells 
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Fig. 1 H-~Y-specific absorption: resistance to proteolytic 
enzymes. Purified trypsin (Gibco), a-chymotrypsin (Worthington), 
and thermolysin (Calbiochem) were dissolved in Puck’s saline F 
(PSF) to yield individual! suspensions containing 0.1% enzyme by 
weight. Samples containing 4 x 10” splenocytes were incubated ina 
2-ml enzyme suspension at pH 7.4, 37 °C for 20 min, washed three 
times at 4°C in Medium 199 containing 10% heat-inactivated 
(56 °C, 30 min) y-globulin-free fetal calf serum (FCS, Gibco) and 
used to absorb 25-yl aliquots of rat H~Y antiserum diluted 1:4 in 
Medium 199 containing 10% FCS. Rat H-Y antiserum was pre- 
pared by the method of Fellous etal.” by immunizing female Fisher 
rats with male (Fisher) splenocytes. Before use in this experiment, 
rat antisera were heat inactivated (56°C, 30 min) and absorbed 
with equal volumes of female murine splenocytes for 1 h at both 0 
and 37°C. An antiserum was regarded as H-Y specific if it had 
cytotoxic activity against male, but not female, C57BL/6J (B6) 
epidermal! cells, and this activity could be absorbed by male, but not 
female B6 splenocytes. H~Y-specific immunoabsorption was done 
on ice (~0°C) for 1h. Absorbed sera were tested for direct 
cytotoxicity against B6 epidermal cells according to the method of 
Scheid et al.'° with the exception that heat-inactivated y-globulin- 
free FCS was used as a protein supplement for the isolation 
medium. Cell killing was quantified by the cytotoxic index, i, 
defined as: no. dead cells in sample — no. cells killed by complement 
dose/total no. cells ~no. cells killed by complement alone. 
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with exo-glycosythydrolases which remove a terminal glycosyl 
residue from the non-reducing end of a carbohydrate chain. 
Splenocytes were treated with highly purified B-glucurcnidase 
and §-galactosidase, then washed in protein-enriched media 
before absorption. Figure 2b shows a graph of corrected per cent 
inhibition of absorption versus units of enzyme used for treat- 
ment. Whereas H-Y-specific absorption is resistant to B- 
glucuronidase treatment (1,000 units of enzyme destroy 2% of 
activity from the absorbing cells), it is sensitive to B-galac- 
tosidase to the extent that 1,000 units of enzyme remove 54% of 
the H-Y absorptive capacity of male mouse splenocytes. To 
confirm that the inhibition by -galactosidase is not due to 
uptake of the enzyme by the absorbing cells, the 1,000-unit 
enzyme treatment was repeated for H-Y in the presence of 
0.1 M mannose-6-phosphate, which inhibits the uptake of B- 
galactosidase by mammalian cells. In the presence of mannose- 
6-phosphate, the 1,000-unit B-galactosidase treatment still 
destroyed 45% of H~Y-specific absorptive activity (Table 1). As 
another control, the 1,000-unit B-galactosidase treatment was 
used on absorbing cells specific for H-2° antigens. H~2”-specific 


absorption is completely insensitive to the action of 1,000 units 
of B-galactosidase (Table 1). 

These data suggest that the integrity of an H-Y serological 
determinant is perturbed by the removal of a terminal galactose 
from the non-reducing end of an associated carbohydrate 
moiety. To test further the serological dependence of H-Y ona 
non-reducing terminal galactose residue, we performed a series 
of absorbing cell treatments using galactose oxidase, which 
oxidizes the terminal galactose residue at the non-reducing ends 
of a carbohydrate chain. Although galactose oxidase has no 
appreciable effect on H-2°-specific absorption, it inhibits H~Y- 
specific absorption by male mouse splenocytes by as much as 
38% in this experiment (Fig. 2c). 

To verify that the inhibition of H-Y observed here is due to 
the specific oxidation of a terminal non-reducing galactose 
rather than to nonspecific oxidation at the cell surface, a similar 
experiment was carried out using glucose oxidase. Whereas 10 
units of galactose oxidase inhibit H~Y-specific absorption by 
38%, an equivalent amount of glucose oxidase had only an 8% 
inhibitory effect (Table 1). This value could possibly be due to 
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Fig. 2 Sensitivity of H~Y-specific absorption to all treatments quantified as corrected per cent inhibition of absorption, defined as: 


i (treated cells) — i(untreated cells) 


i(unabsorbed serum) — i(untreated cells) 


with i defined as in Fig. 1 legend. Each per cent inhibition value represents the mean of duplicate samples. a, Known concentrations of periodic 


acid (Frederick Smith Chemicals) were dissolved in isotonic phosp 
concentration of 10’ cells per ml (10’ total cells for H-2 and 2x 10 


hate buffer and adjusted to pH 7.4. Splenocytes were treated at a 
total cells for H-Y) for 10 min at room temperature (~22 °C). After 


treatment, the cells were washed twice in Medium 199 containing 10% FCS at 4 °C, Treated splenocytes were used to absorb either mouse H-Y 
(diluted 1:4) or H-2° antiserum (diluted 1:100} as described in Fig. 1 legend. Mouse H-Y antiserum was prepared as described by Krco and 
Goldberg’. H-2° antiserum was an equivolume mixture of alloantisera to murine H~2.2(D-2) and H-2.33(D-33) specificities obtained from the 
NIH. Absorbed H-Y antiserum was tested for cytotoxicity as described above. H-2° antisera were tested for direct cytotoxicity against 
splenocytes in the following way. Equal amounts (10 pl) of H-2” antiserum and B6 splenocytes (8 x 10° per ml) were incubated for 20 min at 


room temperature; 10 yl of baby rabbit complement (Pel Freez) dilute 


d 1:4 was then added and the suspension incubated at 37 °C for 35 min. 


Trvpan blue (10 pl of 0.2% dye) was added for the final 5 min of incubation to stain dead splenocytes. Formalin saline (10 pl containing 5% 
formaldehyde) was added as a fixative and live and dead cells were counted. O, H-2”: A, H-Y. b, Highly purified rat 8 -glucuronidase (O) and 
bovine 8-galactosidase (A) (both 12,000 units per mg protein) were obtained from Dr Virginia Hieber, Department of Pediatrics and 
Communicable Diseases, University of Michigan Medical School. Splenocytes (2 x 10” total) were treated with known amounts of enzyme in 
2.0 ml incubation volumes containing phosphate buffered saline (PBS) at pH 6.8, 37°C for 1 h. After treatment, cells were washed twice in 
Medium 199 containing 10% FCS at 4 °C before absorption. Antisera used for absorption and subsequent cytotoxicity testing were murine H-2° 
and rat H-Y antisera as described above. c, Galacto$e oxidase (Sigma) was dissolved in PBS containing 1.0 mg per ml of bovine serum albumin 
(BSA, Sigma). Splenocytes were incubated with known amounts of enzyme in PBS, pH 7.4, at 37 °C for 1 h. Each incubation mixture contained 
10’ (in the case of H-2”, O) or 4x 10” (in the case of H-Y, A) splenocytes plus enzyme at a volume of 0.5 ml. After incubation, treated cells were 
washed in Medium 199 supplemented with 1.0 M galactose before absorption. Antisera were either murine H-2” or rat H-Y as described above. 
Absorption and subsequent cytotoxicity testing were as before. 
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Table 1 Specificities of enzyme treatment 


% Inhibition of 
absorption 
(mean +s.e.) 





Total enzyme 


Enzyme treatment (U) H-2° H-Y 

B -Galactosidase alone 1,000 Or] 54+8 

-Galactosidase + 0.1 M 1,000 ~ 4544 
_dnannose-6-phosphate 

Galactose oxidase 10 0+1 3842 

Glucose oxidase 10 O+1 82 
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ß -Galactosidase treatments in the presence of mannose-6-phosphate 
(Sigma) were as described for Fig. 24 with the exception that 0.1 M 
mannose-6-phosphate was added to the treatment buffer. Glucose 
oxidase treatments were as described for Fig. 2c with the exceptions that 
glucose oxidase (Sigma) was the enzyme used and that treated cells were 
washed in Medium 199 supplemented with 1.0 M glucose. 


the presence of contaminating amounts of galactose oxidase in 
our enzyme preparation (2% according to manufacturer). In 
addition, H-2° was tested for inhibition of absorption by glucose 
oxidase and no effect was observed (Table 1). These data are 
consistent with the suggestion that the integrity of an H-Y 
serological determinant is perturbed by structural alterations 
directed against a terminal non-reducing galactose on an asso- 
ciated carbohydrate moiety. 

The serological reactivity of H-Y antigen, as measured by 
immunoabsorption, is demonstrated here to be resistant to the 
action of various proteolytic enzyme treatments. This result 
implies that the H-Y serological determinant is not a protein, or 
that it is part of a polypeptide chain resistant to proteolysis. The 
resistance to proteolysis of H-Y, in combination with its greater 
sensitivity to periodate than H-2 suggest that the H-Y-specific 
serological determinant is more likely to be carbohydrate than 
protein. In most of the experiments reported here, H-2 is used 
as a control as it is a well characterized glycoprotein antigen 
whose serological activity is resistant to treatments directed at 
carbohydrate structures, but sensitive to protein-directed 
treatments**. 

We have reported that H~Y-specific absorption is sensitive to 
both 8-galactosidase and galactose oxidase treatments. The 
sensitivity of H~Y-specific absorption to both these enzymes is 
in the range 29-54%. Although these values do not reflect 
complete inhibition, they are consistent with the accepted model 
of antigen-antibody interaction involving binding of the 
combining site of an antibody molecule with a carbohydrate 
determinant of 4—6 glycosyl residues’. By perturbing a terminal 
galactose residue on such a carbohydrate determinant, one 
would expect detectable, although not complete, inhibition of 
antibody binding. Thus, our observations of 8 -galactosidase and 
galactose oxidase sensitivity indicate a role for a terminal non- 
reducing galactose residue in the serological integrity of H~Y 
antigen. 

If the serologically active portion of H-Y is carbohydrate, this 
could account for its evolutionary conservation, suggested by 
the broad serological cross-reactivity of H~Y-like substances 
from a variety of species’*. A carbohydrate nature for this 
determinant could also explain why antisera raised against it are 
of low titre (1:16-1:32 in the case of our antisera) and affinity. 
Although the results reported here suggest a carbohydrate 
nature for the H~Y serological determinant, direct demon- 
stration of whether this immunological determinant is itself a 
carbohydrate, or is strictly dependent on a carbohydrate chain 
requires further experimentation. 

This work was presented at the meeting of the American 
Society for Cell Biology in Cincinnati, Ohio on 14-18 Novem- 
ber 1980. The abstract of this presentation is published else- 
where’, 

We thank Dr Virginia Hieber for her gift of purified B- 
glucuronidase and -galactosidase and Mrs Rena Jones for 
secretarial assistance. This work was supported by grant HD 
11738 and predoctoral training grant GM 7544 from the NIH. 
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Deep vein thrombosis in man presents a considerable clinical 
challenge. Despite the availability of prophylactic measures, 
therapeutic thrombolysis is often necessary, but is difficult and 
hazardous. Treatments have included the administration of 
plasmin, other less specific proteolytic enzymes, the indirect 
plasminogen activator, streptokinase, and the direct activators, 
urokinase and streptokinase-human plasmin complex. All these 
treatments have been associated with some haemostatic break- 
down, which has discouraged their widespread application. The 
enzyme components of the coagulation and fibrinolytic path- 
ways can, in general, be classed as serine proteases’, with a 
catalytic mechanism which operates via acyl-enzyme inter- 
mediates’. Chase and Shaw’ showed that p-nitrophenyl-p’- 
guanidinobenzoate could specifically acylate the active centre of 
trypsin-like enzymes, giving rise to a stable p-guanidinobenzoyl 
enzyme and other stable acyl-enzymes have since been 
described**. We report here the fibrinolytic use of acylated 
derivatives of plasmin (E.C.3.4.21.7) and streptokinase—plas- 
min(ogen) complexes. 

An acyl-plasmin, catalytically inert and therefore unable 
either to degrade systemic plasma proteins or react irreversibly 
with its principal plasma inhibitors (a2-antiplasmin®’ and a2- 
macroglobulin®), may still bind to a fibrin clot because the 
lysine/fibrin binding sites on the ‘kringle’ domains of plasmin 
are structurally and functionally separate from the catalytic 
centre” (Fig. 1). Deacylation may then occur to give fibrin- 
bound plasmin. Wiman and Collen’? have shown that the 
involvement of the lysine binding sites of plasmin in binding to 
fibrin reduces the effectiveness of a2-antiplasmin and provides 
part of the molecular basis for selective fibrinolysis in vivo". 
Thus, if an acyl-plasmin is administered to an animal, the release 
of plasmin by deacylation of fibrin-bound acyl-plasmin would be 
expected (within certain kinetic limits) to lead to fibrinolysis. In 
the systemic circulation, however, a2-antiplasmin would be 
expected to act rapidly to neutralize the plasmin released by 
deacylation, provided that the rate and dose were not so great as 
to consume the a2-antiplasmin content of the plasma. The 
concept of active centre acylation may also be applied to plas- 
minogen activators, provided that they too possess fibrin affinity 
independent of the catalytic centre. In that case, acylation would 
allow the activator to reduce interactions with plasma plas- 
minogen which lead, during current therapy in man, to harmful 
plasminaemia'*. The putative advantages of therapeutic 
thrombolysis with acyl-plasmins and acyl-activators, therefore, 
are (1) enhanced efficacy, due to evasion of inhibitor systems; (2) 
sustained-release pharmacokinetics, leading to simplified 
administration and easier clinical control; (3) reduction of 
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systemic toxicity attributable to hyperplasminaemia; and (4) 
protection of the enzymes against autolytic degradation. 

A general method for the specific synthesis of acyl-enzymes 
was developed using p-amidinophenyl esters which function as 
‘inverse’ acylating agents'*. Acyl group radiolabelling demon- 
strated that active-site acylation with these reagents was quan- 
titative in conditions where nonspecific protein modification was 
negligible. We prepared acyl derivatives of both human and 
porcine plasmins, streptokinase~human plasmin activator 
complex'* and urokinase, and studied their deacylation rates’. 
Using p-°>H-methoxybenzoyl human plasmin, we found that 
plasma components on fibrin did not affect the deacylation rate 
af the acyl-enzyme, and we have confirmed (using immobilized 
fibrin monomer’®) that active site acylation of plasmin did not 
affect its affinity for fibrin. Experiments in which p-anisoyl 
human plasmin was mixed with partially purified human a2- 
antiplasmin’, incubated, re-isolated by affinity absorption on 
L-lysine-Sepharose'’ and deacylated, showed that an acyl- 
plasmin did not react irreversibly with the inhibitor. Also, 
delayed-action fibrinolysis could be demonstrated in vitro by 
incubating human plasma clots with acyl-plasmin, washing and 
reincubating for a sufficient time to allow deacylation of the 
absorbed enzyme. Net lysis with acyl-enzymes was significantly 
greater than lysis by unmodified plasmins. 

The kinetics of a2-antiplasmin action are sufficiently under- 
stood! to allow the calculation of the steady-state concen- 
trations of free plasmin corresponding to a given rate of deacyl- 
ation and a given level of acyl-enzyme. Our experimental data in 
animals have indicated that a steady-state plasma concentration 
of plasmin amidolytic activity above ~10 nM is associated with 
fibrinogen depletion. It is possible to calculate the relationship 
between the deacylation rate and dose of an acyl-plasmin that 
would be consistent with lack of fibrinogen depletion in vive. An 
acyl-plasmin, at a single dose that would give an initial plasma 
concentration somewhat less than the known concentration of 
a2-antiplasmin in human plasma (~0.7 uM}, would require a 
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Fig. 1 Schematic outline of the mechanism of fibrinolysis by 
acyl-plasmins. For description see text. Polypeptide chain structure 
of plasmin was adapted from ref. 9. 
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Fig. 2 Release of '**I-fibrin degradation products into the 
bloodstream of rabbits treated with acylated (A) and free (W) 
human plasmins and 0.9% saline solution (@). 1251 fibrin thrombi 
were prepared in the inferior vena cava of rabbits as detailed 
elsewhere! with the modification that a single strand of 4-ply wool 
was inserted into the isolated vein segment before thrombus 
formation to act as a clot anchor. Human plasmin (Kabi batch DtB 
23 and Choay batch P299 Pm) was assayed using active site 
titration? and amidolytic activity°’, and dialysed against 20% v/v 
glycerol, 0.9% w/v NaCl at 4°C for 2h before administration at a 
dose of 10 mg active enzyme per kgin ~20 ml, by constant infusion 
over 2h. BRL 26920 was prepared in solution from the above 
plasmins and 1.0mM p-amidinophenyl-p’-anisate. HCI at 4°C, 
pH 7.4 for 1h, followed by dialysis as above. Complete acylation 
was checked by amidolytic assay*’ and administration was by 
infusion over 5 min. Control saline, 0.9% w/v, was given over 2h, 
!25]. EDP in blood samples was determined by well scintillation 
counting in a manual bioscint y counter (Panax) and is given as 
mean (+s.e.m.) concentrations for 12 (BRL 26920), 7 (free plas- 
min) and 8 (control) animals. Final lysis figures are given in Table 1. 


deacylation rate constant of <1.0x 1t T? s7? if the steady-state 
level of systemic plasmin were to be kept below 10 nM. One can 
apply kinetic data on the plasmin-o2-antiplasmin reaction toa 
calculation of the steady-state concentration of fibrin-bound 
plasmin necessary to sustain fibrinolysis in the presence of 
a2-antiplasmin, using reasonable estimates of the apparent 
first-order rate constant for breakage of a single peptide bond in 
the fibrin-plasmin complex, and an estimate of the number of 
peptide bonds whose cleavage suffices to detach one fibrin 
monomer from polymeric fibrin'’. Calculation then suggests 
that a steady-state fibrin-bound plasmin concentration >0.1 nM 
may be necessary to achieve clot breakdown within a few hours. 
Acyl-plasmins given at a dose of ~0.5-1.0 pM should achieve 
this steady-state situation if their deacylation rate constants are 
greater than ~10~* s~}. Acyl-plasminogen activators require a 
more complex analysis to take into account the relative rates of 
activation of plasma and fibrin-bound plasminogen. Control of 
fibrinolysis in vivo by manipulation of acyl-activator deacylation 
rates could be expected to be correspondingly more difficult, 
depending in practice on factors such as the plasminogen 
content of the fibrin clot, and the breakdown and clearance 
mechanism for both acylated and free activator. After analysis 
of the steady-state kinetics we concluded that deacylation rate 
constants of ~10~*s”! should be consistent with thrombolytic 
activity for both classes of fibrinolytic agent. Two such agents, 
p-anisoy! human plasmin (BRL 26920), with a deacylation half 
life of 96min, and a p-anisoyl human plasminogen~strep- 
tokinase activator (BRL 26921), with a deacylation half life of 
40 min (both measured at 37 °C, pH 7.4), have been selected for 
further evaluation. 

We studied the effects of the two agents compared with saline 
controls, human plasmin and various streptokinase—plasmin 
complexes in models of venous thrombosis in the rabbit and the 
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beagle dog (to be published, but partly described elsewhere'*), 
In both models thromboplastin-induced venous clots 
radiolabelled with human'**I-fibrin were formed around an 
implanted woollen thread anchored into a major vessel. Lysis 
was studied by release of '?°I-fibrin degradation products (125J- 
FDP) into the circulation and by measurement of clot radio- 
activity at the end of the experiments. 

In the rabbit model, acyl-plasmins caused Significant throm- 
bolysis when given intravenously as single boluses. Figure 2 
shows the effect in rabbits of 10 mg per kg of activator-free free 
human plasmin (infused over 2h due to its acute toxicity) and 
the equivalent bolus dose of BRL 26920, compared with 
controls given saline. The free plasmin and saline groups showed 
no significant release of radiolabel into the circulation and gave 
low, not significantly different, end lysis figures (Table 1). The 
BRL 26920 group showed sustained release of radioactivity 
over 5 h and significant net thrombolysis. Free plasmin depleted 
fibrinogen almost completely, whereas BRL 26920 showed 
significantly less fibrinogenolysis (Table 1). Plasmin amidolytic 
activity (chromogenic substrate assay”’) in the plasma of animals 
treated with plasmin was much greater than in animals treated 
with BRL 26920. The thrombolytic activity of BRL 26920 was 
also observed in dogs (Table 1). 

Because of the known species differences in the mechanism of 
thrombolysis by streptokinase*'*”, BRL 26921 was compared in 
animals with non-acylated streptokinase~plasmin activator 
complexes prepared in various conditions (Table 1). Of the 
unmodified activators, only the minimally degraded form (Type 
2) showed significant thrombolytic activity. When degraded 
activator (Type 1) was p-anisoylated at the active centre, the 
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three dose levels (Table 1) and showed significant thrombolysis 
compared with the saline controls. At 2,500 units per kg, all 
BRL 26921 preparations were consistently more active than all 
non-acylated activator preparations (P <0.01) and a significant 
slowing in the rate of '25I-FDP release was observed when 
animals that responded to non-acylated activators were 
compared with those given acylated activators. None of the 
tested agents significantly altered fibrinogen levels in the rabbits. 

BRL 26921 also showed highly significant thrombolytic 
activity (measured radiochemically and venographically) against 
freshly formed thrombi in dogs at two dose levels when 
compared with saline controls and the least degraded activator 
form (Table 1). A sustained release of '°J-FDP over 4-5h 
followed a single dose of BRL 26921. In another group of dogs, 
the thrombi were aged by isolation from the circulation for 24 h. 
Isolating ligatures were removed and the dogs treated with BRL 
26921 at a single dose of 5,000 units per kg. Radiochemical 
measurements and venography indicated good thrombolysis 
(Table 1). 

We believe that acyl-enzymes are a novel class of therapeutic 
agents, in which suitable acyl group modification can provide 
enzyme precursors whose properties can be manipulated to suit 
various clinical situations, depending on whether fast or slow 
thrombolysis is required. Because of their novel pharmaco- 
kinetics in vivo, they could be expected to show advantages over 
currently used thrombolytic agents, particularly in producing 
reduced hyperplasminaemia. We consider that BRL 26921 
(which is the more active and accessible agent) may lead to 
useful improvements in the management of venous thrombosis 
and some types of arterial thromboembolic disease??. 


We thank Dr J. Cash for advice and help over several years, 
and also Kabi (Stockholm), Choay (Paris), Novo (Copenhagen) 


acyl-activator showed increased thrombolytic activity at the 
equivalent dose. BRL 26921 was tested in groups of rabbits at 


Table 1 Summary of thrombolytic action of agents in rabbit and dog models of venous thrombosis 


Dose Time to peak 
SK units No. of % Fibrinogen ***1-FDP levels 
Model Agent (mg) per kg animals % Lysis _ level (min) 
Rabbit Saline — 8 3+1 110+1 = 
Rabbit Free human plasmin (10) 7 7+1 43 =a 
‘Rabbit SK-Pm activator Typel 2,500 5 541] 9541 — 
Rabbit SK-Pm activator Type 2 2,500 6 2044 106+3 49+8 
Rabbit SK-Pm activator Type 3 2,500 3 1444 m- — 
Rabbit 10,000 5 3225 994 36+6 
Rabbit p-Anisoyl activator Type 1 2,500 5 fe et 112425 162435 
Rabbit BRL 26921 2,500 9 31+3 9522 183432 
Rabbit BRL 26921 5,000 5 38+10 95+2 132 £44 
Rabbit BRL 26921 10,000 5 $711 9142 144440 
Rabbit BRL 26921 (lyophilized) 2,500 8 45+6 — 198+ 23 
Rabbit BRL 26920 (10) 12 21+4 7128 2300 
Dog (short-term) Saline — 5 1425 98 +3 — 
Dog (short-term) SK-Pm activator Type 2 1,500 5 1024 935 — 
Dog (short-term) SK-Pm activator Type 2 2,500 3 2518 107+8 — 
Dog (short-term) BRL 26921 1,500 5 77+14 105+3 312+ 20 
Dog (short-term) BRL 26921 2,500 5 85214 109+ 5 — 
Dog (short-term) BRL 26920 (10) 5 6549 9142 330+ 13 
Dog (long-term) Saline — 5 38+7 100+ 7 — 
Dog (long-term) BRL 26921 5,000 $ 982 10048 276478 


Activator complexes were prepared from equimolar proportions of stre 


ptokinase (SK, Kabi) and lys-plasminogen (Pm, Kabi, K 2086) at a total 
v/v glycerol, pH 7.4. Type 1 activator (degraded) was prepared at 25 °C 


protein concentration of 1 mg m!l™’ in 0.1 M Tris-HCl, 0.9% w/v NaCl, 20% 


for 40 min, Type 2 activator (minimally degraded) at 0 °C for 10 min; Type 3 activator was a commercial lyophilized preparation (Behringwerke, Lot 
9018) and was dissolved in 0.9% w/v NaCl at a concentration of 1.4 10° U ml”!, Acylation of activator complexes was carried out using 1.0 mM 
p-amidinophenyl p’-anisate. HCI at 0 °C for 1 h. Other conditions as above. BRL 26921 was prepared in solution by addition of acylating agent to 
streptokinase, followed by addition of plasminogen and reaction at 0°C for 1h. Lyophilized BRL 26921 was prepared on a large scale in solution, 
diafiltered exhaustively to remove excess acylating agent and lyophilized in the presence of L-lysine, HCI, D-mannitol and human serum albumin. 
Doses were based on streptokinase contents of activator complexes and administered in 2.0 ml of 0.9% w/v NaCl asa single bolus over 2 min. For 
plasmin and BRL 26920 dosage and preparation, see Fig. 2 legend. Fibrinogen level was estimated by a modification of the spectrophotometric 
method of Burmester et a/.** at 280 nm. Percentages of the initial level averaged over the experimental period (5 h for rabbits, 6 h for short-term dogs) 
and over the experimental group. % Lysis, % fibrinogen level and time to peak '*°1-FDP levels are all means (+8.e.m.). For rabbit model see ref. 15 
and Fig. 2. The short-term dog model was similar in outline to the rabbit model, except that thrombi were located in a section of the femoral vein. 
Homogeneous radiolabelling of blood before clotting around a woollen thread was achieved by aspirating the blood within an isolated vein segment 
through a collateral vein into a syringe containing radiolabelled fibrinogen. Blood was then returned to the evacuated segment which had been injected 
with rabbit brain thromboplastin, and restricting ligatures removed after clotting. In the long-term modification of the dog model, restricting ligatures 
were kept in place to isolate the thrombus from the circulation for 24 h. Treatment was initiated after removal of the ligatures. 
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of immunological tolerance 
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The notion that an adaptation acquired during an organism’s 
lifetime can somehow be imprinted on the genome and so 
become heritable has been faulted by every critical test to which 
it has hitherto been exposed, but many naturalists have lost their 
faith in what seems to them to be the all-encompassing explana- 
tory glibness of neo-darwinism. Although this criticism is unfair 
it is entirely proper that neo-darwinism should be under 
constant critical scrutiny. Interest was therefore aroused by the 
claim of Gorezynski and Steele’ that tolerance of A strain 
antigens induced in CBA mice by injecting into them (CBA x 
A/3)F, spleen and bone marrow cells could be transmitted down 
the male line. Such a claim is of particular interest because 
spermatozoa, unlike oocytes, are produced throughout life and 
might thus conceivably have participated in the mechanism 
envisaged by Steele’ as that responsible for the supposed trans- 
fer of genetic information from soma to germ plasm. It was 
claimed that as many as 60% of the progeny of tolerant fathers 
mated with normal CBA females were unresponsive or 
hyporesponsive in an in vitro assay in which their spleen cells 
were tested for reactivity against A/J strain histocompatibility 
antigens in the cell-mediated lympholysis assay (CML). We 
describe here our failure to confirm these findings and our 
inability to extend them by testing the progeny for their reac- 
tivity against skin allografts from the tolerance-conferring 
strain. 

Newborn CBA/Ca (H-2*) mice (CBA) from six litters were 
made tolerant of A/J (H-2"*) (A) histocompatibility antigens by 
the intraperitoneal inoculation of 5x10’ adult male (CBA x 
A)F, hybrid lymphoid cells, consisting of a 1: 10 mixture of bone 
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marrow and spleen cells. Ten males received the same dose of 
spleen cells every 2 weeks throughout the breeding programme. 
The remainder, 13 females and 4 males, received skin grafts 
from male A strain donors 8 weeks after birth: instead of being 
sloughed off in 10-11 days, grafts were fully accepted and they 
remain healthy at the time of writing (11 months later). Of the 10 
males selected for breeding, 4 (nos 1-4) received A strain skin 
grafts 1 week after mating; these animals were likewise fully 
tolerant. The other six males (nos 5-10) did not receive their 
skin grafts until the completion of breeding 6 months after birth; 
these too proved to be fully tolerant. 

Each tolerant male was mated with three normal CBA 
females, and the progeny were marked so that each individual 
was identifiable throughout the experiment, thus making it 
possible to compare litters from individual fathers in the two 
assays used (CML and grafting). A similar procedure was 
followed in the production of progeny from normal CBA 
fathers. A total of 201 experimental progeny and 138 normal (or 
control) progeny were raised; the immunological reactivity of 
the majority was assessed using the CML assay, and almost all 
received strain A or (CBA x A)F, hybrid skin allografts after 
completion of the in vitro tests. Although Gorczynski and Steele 
had used only splenic lymphocytes for CML testing, peripheral 
blood lymphocytes (PBLs) were used by us for a large number of 
mice because this allowed repeated observations with minimal 
interference and the transplantation of skin grafts to the same 
animals. Splenic lymphocytes were used in other experiments; 
these were obtained by removing a small portion of the spleen, 
thus ensuring that these animals had splenic tissue at the time of 
skin grafting. About two-thirds of all hemisplenectomized mice 
had previously been tested at least once using PBLs. The latter 
were prepared from heparinized blood drawn from a tail vein, 
hemisplenectomy was carried out under full Sagatal anaesthesia 
through a small lateral incision, and skin grafting was done 
according to the technique of Billingham and Medawar’. Skin 
grafts were first inspected on day 10 or 11 and thereafter scored 
daily, necrosis of the whole graft surface providing the end point. 
Although strain A tail skin was used in the earlier experiments, 
most of the progeny received (CBAXA)F, hybrid grafts 
because it was felt that this might favour longer survival in 
hyporeactive animals, a point to which Steele drew our atten- 
tion. 

The in vitro sensitization and *'Cr release CML assay were 
performed on PBLs as described by Chandler et al.*. Briefly, 
PBLs were separated from red cells by hypotonic shock and 
suspended at 110° per ml in bicarbonate-buffered RPMI 
medium supplemented with fetal calf serum, 10 mM HEPES, 
5x 10°° M 2-mercaptoethanol, glutamine, penicillin and strep- 
tomycin. Aliquots (100 wl) of this suspension were placed in 
each well of round-bottomed microtitre plates (Sterilin M24 


Anti~A response Anti-B10 response 





60 
n e 
3 of 
2 é 
Fe 4 fæ ° 
wm 4 
R do 
= 0 Oo o9 
> 
mA o OExperimenta! 
n Control 
0 20 40 oO 0 20 8) @ 


PBLs(% specific lysis) 


Fig. 1 Cytotoxic responses of experimental and control fathers (spleen 
versus PBLs). Cytotoxicity is ata K: T ratio of 5:1, derived from regression 
analysis. 
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a-d) and spleen cells {e-g). A, experimental fathers, 
also shown in Fig. 1. B, males given only one neonatal 0 
inoculation of §x 10’ (CBA x A)F, spleen and bone 2 
marrow cells. C, control fathers. The progeny are ka 
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C and then the individual litter number. Each panel F 
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ART) and the same volume and concentration of irradiated 
(2,000 rad) allogeneic spleen cells were added as antigen. Three 
to six wells of each PBL sample were set up against the allo- 
antigen being tested, A/J, and whenever PBL recovery had 
been sufficient (in over 70% of samples), a further three to six 
wells were set up against ‘third party’ C57BL/10 alloantigen. 
After 5 days’ incubation at 37 °C and in a humidified 5% CO, 
_ atmosphere, the responder (‘killer’) cells were collected and the 
appropriate wells for each sample pooled, counted and dis- 
pensed in four twofold dilutions into fresh microtitre plates. 
5x 10° or 1 x 10° *'Cr-labelled 24-h concanavalin A blasts from 
spleen cultures of A/J or C57BL/10 were then added. The 
highest killer: target ratio (K : T) was 10: 1. The plates were spun 
briefly and incubated for 3 h before removal of an aliquot of the 
supernatant for y-counting. Percentage specific lysis was taken 
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as (E — C/M) x 100, where E was the c.p.m. for the experimen- 
tal supernatant, C the c.p.m. for the medium control super- 
natant and M the c.p.m. of target cells lysed with 5% Triton. 
Regression analysis of the percentages of specific lysis titrated 
against K:T ratio was performed and from this curve the 
percentage of specific lysis at a ratio of 5: 1 was obtained, The r? 
value (r=the coefficient of correlation) of. each curve was 
recorded and used in the assessment of the results. 

Spleen cells from partial splenectomy were set up in culture in 
the same RPMI-supplemented medium as the PBLs, but at a 
concentration of 5 x 10° ml~*. Aliquots (2 mi) of this suspension 
were incubated in 7-ml Linbro wells (Flow Laboratories 
76-053-05) together with 2m! of irradiated spleen cells 
(5 x 10° ml’) as antigen. The cells were cultured for 5 days and 
the assay performed as for PBLs, except that the °'Cr-labelled 
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MAANA ENNESIMA REALISATIE HEDONISM 
Table 1 Survival of skin allografts transplanted to experimental and control progeny 
Graft survival time (days) 
Experimenta! progeny Control progeny 
Father Sex No. NoCML? PBL PBLs/spleen$ No. No CML? PBLst PBLs/spleen§ 
i g 10 ~= 1113 <11 <11 <11 3 me = <11 <11 134 
<11 <11 12} 
134 15} 
F 5 mee ne <10 <10 10 3 = — <11 <1] <11 
12 12 
2 g 12 <11 16 ~ <li <11 <li 13 «10 <10 — <10 10 <11 
<11 <11 124 <11 <11 113 
124 124 134 124 123 13 
14 13} 16} 
2 i4 «il — <11 <11 <11 20 _ <li <11 <11 <11 <11 <li 
«<11 «ii <ii <11 <11 <11 <11 <11 <li 
<11 <li <li <1] <11 <il «11 <11 I1} 
<11 <11 123 124 144 
134 
3 3 6 124 154 154 114 13 144 vn 9 <10 13 <11 174 a Ti <11 
F 6 <11 <il me eid elie ~ 6 ~ <il <11 <li <11 <ji 
<4i* <11 
4 3 20 <ii 103 <11* <11* <10 <10 <10 160m <li <11 <il <11 <11 <11 
Lli erri <10 <11 <11 <11 114 1% <11 <11 11 
11} 13} <11 <11 14 13} 144 11} 15} 
144 14} 
g 12 <ll <1i* <ji* <11? <li <11 <Il 13 _ <11 <11 <11 <10 <10 <10 
Cah WS aie ta <11 <11 123 <11] <11 <il <10 <10 11 
123 
§ é 14 11 154 <ii* <i1* <Ir <11 <11 <1i 3 ~ em <11 <11 <11 
<1i" <11* 134 144 153 
164 
g Qe <11* <1)" <1" «11 <11 <11 2 <10 <10 wn me 
<11* 124 144 
6 g T -citer 114 11} 113 = 8 10 14} 14} — <1] <11 <11 
123 134 154 
g 0 — ee — <10 = eed 
7 3 16 <10 <11 113 ii} il 12 — 2 <10 11 a _— 
124 1213 12} 144 
13} 134 13} 
144 144 
F 8 — <11* <11" <11* <11 <11 <11 4 — — <11 <11 <11 
<I <11 <il 
g é 6 <11 <11 114 11: IH 183 we 2 +s is <li <ii 
g 7 <10 <10 <10 <10 19 14 — 5 -— — <11 <11 <11 
114 <il <li 
9 č So = <11 <11 <1 9 <11 <11 <11 <11 13 14 ~ 
134 143 12 144 15} 
2 9 «11 <li = <ii <11 «1I 7 — — <11 <11 <ii 
<li <11 <ii «xil <il <11 
143 <ii 
10 Š 12 m- manea <11 <11 <11 2 134 13} — ~~ 
<li <ii <II 
<11 <11 13 
13} 14} 154 
2 15 <10 114 114 «1i <11 <11 <11 <1] <11 2 <10 <10 mmn — 
<li «11 13} <1i <11 
17 
Totais 3 198 25 30 83 67 15 15 37 
q gs 13 27 45 63 5 19 39 
Median 3 113 11} <11 <11 <il <ii 
survival 
times of = <i1 <i1 <11 <10 <41 <11 


Survival times are for (CBA x A)F, hybrid grafts except those marked by an asterisk, which were derived from A strain donors. 


+ Progeny not tested in CML. 
t Only tested with PBLs. 
§ Tested with PBLs and spleen cells. 


target cells were increased to 1 x 10° per well; the highest K:T 
ratic was again ~ 10:1. 

Both PBL and spleen samples were scrupulously randomized 
and coded at the time of their removal from the mice. This code 
was not broken until after the CML results had been computed. 

In most experiments, responders of only one sex were used. 
Spleen cells from female mice were used for antigen and as 
targets whenever the responder cell donors were females. Male 
mice were normally stimulated by, and tested on, male cells but 


on a few occasions (and always in experiments where both males 
and females were used as responders) female antigen and target 
cells were used. In this way the analysis remained uncomplicated 
by anti-H~-Y reactivity. 

The results of testing the tolerant (designated A) and the 
normal (designated C) fathers in the CML test, using both PBLs 
and spleen, are shown in Fig. 1 and in Fig. 2, panels 1a and 1e. 
The two groups are clearly distinguishable from each other by 


their CML reactivity to A strain, but not to third party B10, 





Nature Vol. 290 9 April 1981 


$11 





alloantigens. The tolerant CBA fathers were thus specifically 
hyporesponsive to A strain antigens and this hyporesponsive- 
ness is shown equally by splenic and peripheral blood lympho- 
cytes. Nevertheless, they were considerably more responsive 
than were the tolerant CBA fathers in Gorczynski and Steele’s 
experiments’. The reason for this difference cannot be that in 
our study CML reactivity was tested at a rather late stage (~ 10 
months after birth) because this was also true of the experimen- 
tal fathers tested by Gorczynski and Steele' (8-10 months). It 
could, however, reflect the fact that the control CBA-uanti-A/J 
response in Gorczynski and Steele’s experiments was substan- 
tially lower than that in many of our experiments or that, 
contrary to our practice, their assessment was made with control 
mice that had not been age-matched. Bearing in mind the 
advanced age of the experimental fathers, this makes a direct 
comparison of paternal CML responsiveness in the two studies 
difficult. 

The CML data of the progeny (Fig. 2, panels 2a~3d and 
2e-3g) do not show any consistent pattern of hyporeactivity 
towards A alloantigens. These data include all spleen and PBL 
experiments which met the technical criteria of (1) the spon- 
taneous medium release of °'Cr by target cells being less than 
40% of maximum release and (2) at least 60% of the responders 
showing cytotoxic activity which titrated and which, on regres- 
sion analysis, had an r° value of 0.80-1.00. The number of mice 
tested and assays performed that met these criteria are shown in 
Fig. 3, which also provides the pooled anti-A results of (1) all 
experiments performed using PBLs, (2) the data selected from 
the PBL experiments according to the criteria above and (3) 
spleen data, all of which met the criteria with the exception of 
one experiment. It is clear from Fig. 3a-c that there is no 
essential difference between the response of progeny of tolerant 
and of control fathers. 

However, the pooling of data from many different experi- 
ments, each using a different batch of target cells, is not accept- 
able for statistical analysis, and weight was therefore placed only 
on the comparisons of animals tested within a single experiment. 
The data of 20 such experiments are shown as individual panels 
in Fig. 2. The results of each have been analysed by the Wilcoxon 
rank order test to determine whether the tolerant fathers or their 
progeny are significantly different from those of the normal 
fathers or their progeny. There is a highly significant difference 
between the response of the tolerant fathers and the control 
fathers (PBLs, panel la, P< 0.001; spleen, panel le, P < 0.005). 
There is also a difference in the response of experimental 
offspring in panel 3c (PBLs), with the male progeny of father 2A 
giving higher responses than the male progeny of control father 
SC plus 8C. This difference is significant at the 0.05% level. 
However, panel 3g shows that the spleen responses of the same 
experimental mice were significantly lower (P < 0.01) than those 
of the controls 5C plus 8C, although the differences are quan- 
titatively small. In the spleen experiment, moreover, the anti- 
B10 responses of the 2A progeny were lower than those of the 
controls 5C and 8C (P<0.02). One further PBL experiment 
(Fig. 2, panel 3a) shows a significantly lower response (P < 0.02) 
by some of the progeny of father 10A than by some offspring of 
control father 4C (but not 2C), although this result was not 
reproducible (see panel 36). These two positive results cannot 
therefore be held to carry any conviction—they seem to be 
non-reproducible and/or nonspecific. The results given in the 
remaining panels show no significant difference between the 
responses of experimental and control progeny. In each 
experiment the progeny of individual experimental fathers were 
compared with those of individual control fathers tested on the 
same occasion. All experiments completed but not shown in 
Fig. 2 because they failed to meet the technical criteria were 
nevertheless similarly analysed, again without detectable 
differences. Table 1 shows the numbers of offspring of each sex 
tested for each of the experimental and control fathers. 

Our investigation extended the scope of the analysis described 
by Gorezynski and Steele’ in that almost all offspring, including 
some that could not be included in the CML assay, eventually 
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Fig. 3 Anti-A cytotoxic responses of PBLs and spleen-pooled data. a, 

PBLs, unselected data. b, PBLs, selected data, r° > 0.80 in > 60% of mice in 

each experiment and spontaneous release < 40%. c, Spleen data excluding 

one experiment. Cytotoxicity is at a K: T ratio of 5:1, derived from regres- 
sion analysis. 


received skin allografts bearing A strain antigens—a total of 193 
experimental and 130 control mice. Of these, 80% had been 
tested for CML reactivity. In addition, the 10 experimental 
fathers were grafted with A strain skin, 4 of them (nos 1—4) at 
commencement and the remainder (nos 5-10) after completion 
of the breeding programme; all these fathers were fully tolerant 
and carried healthy grafts throughout their subsequent life (up 
to 11 months). Table 1 gives a detailed breakdown of the 
individual survival times of grafts transplanted to the experi- 
mental and control progeny and it identifies those mice that had 
been tested in CML and those (the minority) that had not. There 
is no discernible difference between experimental and control 
progeny. It is evident that strain A grafts were rejected swiftly 
and consistently by both male and female recipients, whereas F, 
grafts were rejected more variably, especially by males. The 
range of survival of grafts on experimental and control mice was 
closely similar and no graft showed long-term survival. 

It is therefore clear that, using the same strain combination, 
we have been unable to confirm the CML results of Gorczynski 
and Steele, and the in vitro data receive full support from the 
skin graft assay. Reasons for the discrepancy between the CML 
data from the two studies can be looked for in the following 
points. 

(1) The initial tolerance-conferring inoculum in our experi- 
ments consisted of 5 x 10’ cells of a mixture of F, hybrid spleen 
and bone marrow cells, half the number reported by Gorczynski 
and Steele’. Furthermore, the ratio of bone marrow cells to 
spleen cells was 1:10, compared with 1:1 in their study. 
However, a single dose of 5x10’ lymphoid cells is certainly 
adequate for the induction and maintenance of skin graft 
tolerance and CML hyporesponsiveness (see above and Fig. 2, 
group B; also ref. 5); indeed, males receiving a single dose at 
birth had a CML reactivity indistinguishable from that of 
repeatedly injected males (group B versus group A of Fig. 2, 
panels 1a and 1e). We would therefore not expect these 
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differences in protocol to explain the discrepancy if tolerance is 
the criterion chosen. We have nevertheless begun further 
experiments in which mice have received 5x10’ F, hybrid 
spleen and 5x10’ bone marrow cells at birth, followed by 
subsequent doses of 5 x 10’ spleen and bone marrow cells at a 
ratio of 1:1. Data from this additional study will not be available 
for some time. 

(2) Although Gorczynski and Steele provide some documen- 
tation on the number of experimental fathers and their progeny, 
there is no information about their controls, which were 
presumably taken from standard stock without reference to 
known fathers. This point has been taken care of in our study. 

(3) Although the sex of the experimental progeny is clearly 
shown in Gorczynski and Steele’s pedigree diagram, there is no 
information about the sex of the controls in any one experiment 
(series), nor is it possible to ascertain what the sex of the 
stimulator and target cells was. It might therefore be argued that 
the responsiveness of males and females was different and that 
their representation in control and experimental groups was 
uneven, and/or that anti- H-Y responses biased their results. 
We investigated whether male and female responsiveness in the 
CML assay is indeed different. Two experiments using PBLs are 
shown in Fig. 2, panels 1d and 2d; there was no significant sex 
difference. It is true that another experiment using spleen cells 
(Fig. 2, panels 1g, 2g) did show a statistically significant 
difference (P< 0.05), with males giving a lower response than 
females, but quantitatively the difference is so small that it is 
unlikely to account for the discrepancy. Furthermore, as CBA 
females rarely make primary anti-H-Y responses“ their contri- 
bution in the Gorczynski and Steele study’ can be expected to 
have been negligible. 

(4) Gorczynski and Steele did not test either the injected 
fathers or their cffspring with A/J skin allografts. In our study 
the experimental fathers were found to be fully non-reactive to 
skin allografts whereas all their offspring uniformly rejected 
their grafts. 

(5) The CML sensitization and effector assays used by us were 
not precisely the same as those used by Gorcezynski and Steele. 
They tested only spleen cells and the levels of cytotoxicity they 
reported’ were much lower than those obtained in our spleen 
assays, but it is difficult to make comparisons as their report does 
not make it clear whether precise cell counts and full titrations 
were performed on the effector cells generated in culture. It is, 
however, striking that the low level of cytotoxicity described by 
them is comparable to the low levels observed by us in some of 
the experiments in which PBLs were used as responders. The 
cytotoxicity of both control and experimental mice here tended 
to be more variable and, we therefore reason, more likely to be 
sensitive to weak suppressor influences. Our PBL results are 
nevertheless quite indistinguishable from our spleen results, for 
neither differentiate between experimental and control 
offspring. l 

(6) Whereas all mice in our study were derived from strains 
bred at St Mary’s Hospital Medical School, where the homozy- 
gosity of inbred strains is checked from time to time by syngeneic 
skin transplantation, the mice used by Gorczynski and Steele, 
although derived from the same foundation stock, were 
obtained from different breeding colonies. It is conceivable that 
this introduced a measure of genetic variability that could 
account for small differences in responsiveness. 

(7) We used essentially the same kind of statistical analysis as 
Gorczynski and Steele. This analysis could fail to reveal a small 
proportion of non- or hyporesponders in individual experi- 
ments, but visual examination of the data suggests that this has 
not been the case. 

It is difficult to account for the discrepancy in the two sets of 
findings by examining differences in the protocols used. There 
are available data from several other investigations designed to 
test the hypothesis put forward by Gorczynski and Steele’, who 
have recently extended their observations to another strain 
combination and claim to have shown the simultaneous and 
independent inheritance of tolerance to two distinct haplo- 








types’. R. B. Ashman, C. E. Woodhars and R. V. Blanden 
(personal communication) tested by CML and skin grafting the 
progeny of male CBA mice made tolerant at birth by injection of 
(CBA x BALB/c)F, cells; they did not differ from control pro- 
geny although one graft survived on an experimental mouse for 
a surprisingly long time and this mouse gave a low CML 
response. McLaren et al. (see accompanying letter) examined 
by CML the reactivity of homozygous progeny of male B6< 
BALB/c tetraparental chimaeric mice bred with both B6 and 
BALB/c females. The B6 progeny were not hyporesponsive to 
BALB/c alloantigens, nor were the BALB/c progeny 
hyporesponsive to B6. J. Craig Gray (personal communication) 
has been assessing the skin graft survival times in offspring of 
tolerant male rats, using grafts from the cell donor strain, and 
here again no hyporesponsiveness has yet been uncovered. 

Using a rather different approach, Hašek er al.’ have been 
studying CML reactivity of first generation backcross mice of F, 
hybrid H-2 heterozygous fathers. It could be argued that it 
should follow from the hypothesis under discussion’’ that the 
natural tolerance of an F; father is passed on to his homozygous 
progeny with respect to their reactivity to the alloantigens of his 
other parental haplotype. This is evidently not so. Along similar 
lines, and following the much earlier report of Guttmann et al.’°, 
Brent and Rayfield (unpublished data) have been breeding CBA 
fathers tolerant of A with (CBA x A)F, females to examine the 
ability of the progeny to reject A skin grafts. In this case positive 
results would be indicated by an abnormal number of offspring 
bearing long-surviving A strain grafts compared with control 
offspring of normal CBA males bred with (CBA x A)F, females. 
Although the study is not yet complete there are, to date, no 
differences between the control and experimental groups. 
Moving away from tolerance to alloantigens, A. Mullbacher, W. 
Fierz and J. Sheena (personal communication) have bred from 
CBA mice made tolerant to Bebaru virus by neonatal and 
subsequent weekly injections of virus inactivated by X-ray 
irradiation. The offspring of some of the tolerant fathers gave 
low responses to Bebaru yirus, but these were not found in every 
experiment. 

These experiments may be regarded as a test case for the 
validity of lamarckian inheritance, which relates to the inheri- 
tance of acquired adaptations, not to the inheritance of the 
passively acquired somatic changes. An immunological 
response is surely the paradigm of physiological adaptations-— 
Witness the complete confidence with which an immunologist 
assumes that a rabbit not yet born will be able to make anti- 
bodies against a chemical not yet synthesized. There are tech- 
nical difficulties in devising critical experiments on the inheri- 
tance of antibody formation but these do not apply to specific 
suppression of immune responsiveness (tolerance): it was 
therefore enterprising of Gorczynski and Steele to use acquired 
tolerance as the adaptive response on which to base their 
examinaticn of lamarckism. Unfortunately, our own findings do 
not support theirs and confirm the original observations by 
Billingham et al." in the identical strain combination. We still 
believe that all experiments executed hitherto to corroborate 
the lamarckian interpretation’? can be faulted. 

We thank Miss S. Kalsi, Miss M. Gaffeiro and Mr R. Butler for 
their technical assistance and the MRC and Joint Standing 
Research Committee of St Mary’s Hospital for their support. 
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Steele and Gorczynski' have recently suggested that inbred 
male mice rendered tolerant at birth to the alloantigens of an 
H-2 plus non-H-2 incompatible inbred strain can transmit this 
tolerance or hyporeactivity, as measured in a primary anti-H-2 
cytotoxic T-cell test in vitro, to their progeny, born of normally 
reactive females syngeneic with the males. As a corollary, it 
might be expected that the progeny of tetraparental males which 
are tolerant because from earliest fetal development they are 
chimaeric with respect to all tissues, including haematopoietic 
cells and germ cells, might in turn be tolerant to the other set of 
paternal alloantigens. We have now found, on the contrary, that 
inbred progeny of one component of a tetraparental male 
showed heightened responsiveness to the other paternal alloan- 
tigens. | 

We examined homozygous progeny of two C57BL/6 
BALB/c male tetraparental chimaeras? with respect to their 
ability to mount primary anti-H-2 cytotoxic T-cell responses in 
vitro to either CS57BL/6 (B6) (H-2") or BALB/c (H-2°) and toa 
‘third party’ strain, CBA (H-2*). The two chimaeras were mated 
first with BALB/c females and of the resulting heterozygous 
(BALB/c x B6)F, (agouti) and homozygous BALB/c (white) 
progeny, the homozygotes were kept and tested. The same 
tetraparental chimaeras were also bred with B6 females, the 
agouti (heterozygous B6 x BALB/c) progeny disposed of and 
the black (homozygous B6) kept and tested. The BALB/c and 
B6 mothers were mostly used for one litter only. We examined 
the cytotoxic T-cell responses of a total of 46 offspring from 13 
litters, 7 with BALB/c and 6 with B6 mothers. The size of the 
litters of BALB/c mothers was not statistically different from 
those of the B6 mothers. There were 26 BALB/c progeny (13 
males and 13 females) all of chimaera 1 and 20 B6 progeny (10 
males and 10 females) of which 12 were fathered by chimaera 1 
and 8 by chimaera 2. Both fathers were coat colour chimaeras 
but there is evidence only for number 1 being a germ-cell 
chimaera (see above). Chimaera 2 died before he could be tested 
for T-cell cytotoxic responses, but chimaera 1 was tested and 
found to be tolerant to each of the parental strains B6 and 


Table 1 Tolerance to parental antigens of a tetraparental chimaera 


B6<+ BALB/c 
Lysis on target 
Responder B6 CBA BALB/c 
BALB/c (6) 42 44 ND 
B6@ BALB/c 4 40 2 
B6 (4) ND 29 21 


Tolerance is expressed as % specific lysis at A: T (attacker : target cell 
ratio} 5:1 in a cytotoxic T-cell response (method as in Fig. 1). Mean 
values for BALB/c+B6. ND, not done. Numbers of mice tested are 
given in parentheses. 
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Fig. 1 Anti-C57BL/6 responses of BALB/c progeny of B6< 
BALB/c chimaeras and control BALB/c fathers. Conditions of 
culture. PBLs: two to six 0.2-ml round-bottomed wells were set up 
with 1 x 10° responders plus 1 x 10° 2,000 R irradiated spleen cells 
per well as antigen, in RPMI with 5% fetal calf serum, 5x 107° M 
2-mercaptoethanol, penicillin/streptomycin + glutamine. Spleen: 
2x4 ml Linbro wells were set up with 1 x 10’ responders + 1 x 10” 
2,000 R irradiated antigen per well in RPMI medium as above. 
Assay” was on day 5 of culture. Cells were collected from wells, 
counted, plated and serially double diluted in round-bottomed 
0.2-mi microtitre wells, to which were added a constant number of 
*'Cr-labelled target cells (24h concanavalin A blast cells or 
thioglycollate-induced peritoneal macrophages) to give 
attacker : target {A ; T) ratios starting at ~10:1. They were collec- 
ted after 3h incubation. Experimentally determined % specific 
lysis was subjected to regression analysis. The height of the bars 
shown is the % specific lysis at A:T 5:1 taken from this curve 
(r* > 0.9). The bars representing individual animals are placed in a 
ranked order. 


BALB/c, but reactive to a third party strain, CBA (H-2*) (Table 
1). Previous investigations of chimaeras made in this laboratory 
have shown that the inability of such mice to make anti-parenta! 
cytotoxic responses does not depend on the level of haemato- 
poietic chimaerism. All chimaeras tested were essentially 
tolerant’. 

We used age-matched BALB/c and B6 litters as controls, 
born of individually identified fathers (four B6 and six BALB/c} 
and reared in the same environmental conditions as the chi- 
maera progeny. In each experiment either all males or all 
females were used as responder, antigen and target. Each 
control and experimental mouse was tested on four different 
occasions each 2 weeks apart. On two occasions peripheral 
blood lymphocytes (PBLs) were prepared from blood samples 
taken by tail bleeding and set up in micromixed lymphocyte 
culture (MLC)*; on the third occasion a sample of spleen was 
removed for MLC from each mouse under general anaesthesia; 
finally, the mouse was killed and the remainder of the spleen 
taken for MLC. During the experiments, a few mice died and the 
number in each experiment was further reduced by occasional 
contamination of a culture. 
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Table 2 Mean cytotoxic responses of homozygous progeny of two 


CS7BL/6< BALB/c made tetraparental chimaeras 


PBLs Spleen 
1 2 I 2 
B6 anti-BALB/c E 40.9(9) 44.2(9) 26.4(7)  11.1(7) 
g C 39.8(10) 42.9(10) 29.5(10) 9.3(10) 
B6 anti-BALB/c E 13.9*(8) 19.8(8) 31.7(8)  10.0(5) 
C 9100) 18.8(10) 31.640) 14.410) 
BALB/c anti-B6 E 46.3(10) 41.57(11) 50.7(12) 12.4(10) 
£ C 39.9 (4) 20.4(4) 48,9(5) 9.2 (4) 
BALB/c anti-B6 E 45.8(11) 24.3(10) 42.58(9) 9.8(10) 
9 C 41.54(11) 19.1011) 39.8(10) 9.8(12) 


Mean cytotoxic responses are expressed as % specific lysis at A:T 5:1 
in a cytotoxic T-cell response (method as in Fig. 1). E, experimental 
animals: progeny of B6<> BALB/c male chimaeras; C, control animals: 
age-matched normal animals. Numbers in parentheses are the number 
of animals tested. 

*P<0.05: tP<6.01; $P<0.01; 8P<0.05 (Wilcoxon rank order 
test). 


The mean anti-BALB/c and anti-B6 cytotoxic responses of 
the various groups are shown in Table 2. Statistical tests (Wil- 
coxon rank order test) were done on all experiments. The levels 
of cytotoxicity generated by B6 chimaera male progeny against 
BALB/c or third party CBA antigen did not differ significantly 
from those of age- and sex-matched controls. Among the B6 
females cells from the chimaera progeny in one test showed 
significantly greater (P<0.05) cytotoxicity against BALB/c 
antigen than did the controls, but this result was not confirmed 
on the three subsequent occasions, and as the ranking data were 
statistically heterogeneous, they could not be combined. When 
the responses of the progeny of chimaeras 1 and 2 were analysed 
independently the same results were obtained. In contrast, when 
the response of the BALB/c chimaera progeny to B6 antigen 
was compared with their BALB/c age- and sex-matched 
controls, a consistent increase in the level of cytotoxicity of the 
experimental versus control animals was found. Figure 1 shows 
the responses of all BALB/c progeny tested: for each sex the 
rank order results from the four occasions proved to be statis- 
tically homogeneous, that is, were consistent, and hence could 
be combined by ranking the summed rank orders. The excess of 
experimental over control cytotoxicity levels was, though small, 
statistically significant (P <0.01) for both the male and female 
progeny independently. The responses of the BALB/c chimaera 
progeny to the third party control CBA were no different from 
that of control animals. 

These results are in keeping with the findings of Brent et al. 
(see accompanying letter"), in that the state of tolerance 
manifest in male mice is not transmitted to their progeny. In fact, 
the difference that we observed was in the opposite direction to 
that predicted from the work of Gorczynski and Steele’. It 
occurred whether or not the BALB/c young had F, littermates 
at birth, so is unlikely to be due to sensitization by antigens of 
litter mates during pregnancy. We are exploring the possibility 
that it may be mediated via the mother, perhaps as a result of 
sensitization by antigens present in the ejaculate. 
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Benzodiazepines produce most, if not all, of their numerous 
effects on the central nervous system (CNS) primarily by 
increasing the function of those chemical synapses that use 
y-amino butyric acid (GABA) as transmitter'’. This specific 
enhancing effect on GABAergic synaptic inhibition is initiated 
by the interaction of benzodiazepines with membrane proteins 
of certain central neurones, to which drugs of this chemical class 
bind with high affinity and specificity’*. The molecular processes 
triggered by the interaction of these drugs with central benzo- 
diazepine receptors, and which result in facilitation of 
GABAergic transmission, are still incompletely understood. 
Theoretically, benzodiazepines could mimic the effect of hypo- 
thetical endogenous ligands for the benzodiazepine receptors, 
although there is no convincing evidence for their existence’; in 
vitro studies indicate that benzodiazepines might compete with 
a modulatory peptide which is present in the supramolecular 
assembly formed by GABA receptor, chloride ionophore and 
benzodiazepine receptor and which reduces the affinity of the 
GABA receptor for its physiological ligand‘, The mechanisms 
of action of benzodiazepines at the molecular level are likely to 
be better understood following our recent discovery of benzo- 
diazepine derivatives, whose unique pharmacological activity is 
to prevent or abolish in a highly selective manner at the receptor 
level all the characteristic centrally mediated effects of active 
benzodiazepines. Here, we describe the main properties of a 
representative of this novel class of specific benzodiazepine 
antagonists. 

Working on a series of imidazodiazepines, we found 
compounds which were potent inhibitors of the specific high- 
affinity binding of *H-diazepam to brain synaptosomal fractions, 
but which failed to produce any of the behavioural and 
neurological effects typical of benzodiazepines. Detailed analy- 
sis revealed that these compounds selectively and potently 
inhibit the central effects of classic benzodiazepines by acting as 
their antagonists at benzodiazepine receptors. From a large 
series of compounds we have selected Ro 15-1788 (Fig. 1) for 
clinical trials. 

Ro 15-1788 is even less toxic than most of the classic benzo- 


. diazepines; the following approximate acute LD<o values were 


determined: 4,000 mg per kg intraperitoneally (i.p.) and 4,300 
mg per kg orally (p.o.) in mice, 1,360mg per kg i.p. and 
6,000 mg per kg p.o. in rats. In mice, rats, cats, dogs and squirrel 
monkeys the compound up to subtoxic doses produces none of 
the characteristic effects of benzodiazepine drugs, such as seda- 
tive, anticonvulsant, muscle relaxant and anticonflict effects. Ro 
15-1788 is not a convulsant by itself, it fails to sensitize animals 
to chemical convulsants such as leptazol and lacks overt central 
stimulant activity in all species studied (L.P. et al., in prep- 
aration). 

Specific binding of *H-diazepam to crude synaptosomal frac- 
tions of rat cerebral cortex* was inhibited competitively by Ro 
15-1788 (Fig. 2) with an ICs value of 2 nmol 1+. This is about 
one quarter the value for diazepam in the same experimental 
conditions. Ro 15-1788 also dose dependently inhibited the 
binding in the brain of *H-flunitrazepam injected intravenously 
(i.v.) in mice (H.M. ef al., in preparation): tested 15 min after 
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p.o. administration, Ro 15-1788 was about half as potent as 
diazepam (EDs, values 4.0 and 1.7 mg per kg, respectively). 

Three test procedures were adapted routinely to screen for 
potential benzodiazepine antagonism: the anti-leptazol test’, 
the horizontal wire test in mice and the antagonism of flu- 
nitrazepam-induced pre-anaesthesia in squirrel monkeys. In the 
first test, a supramaximal i.p. dose of leptazol (120 mg per kg) 
produced tonic seizures in all animals. Diazepam 5 mg per kgi.p. 
(twice the calculated ED.) fully protected mice from tonic 
seizures when given 1h before leptazol. Ro 15-1788 was 
administered p.o. or parenterally at various doses and varying 
times after diazepam and the number of animals developing 
tonic seizures in response to leptazol were counted. When given 
p.o. 15 min before leptazol (and 45 min after diazepam), Ro 
15-1788 antagonized the anticonvulsant effect of diazepam with 
an EDs» of 2.8 mg per kg, but did not reduce the anticonvulsant 
action of phenobarbitone in the same test procedure. 

In the horizontal wire test®, central depressant drugs dose 
dependently impair the ability of mice hung on a wire by their 
forepaws to heave themselves on to the wire with their hindlegs. 
Diazepam (3.mg per kg i.p.) reduced the number of mice 
performing on the horizontal wire by 70-100%. Ro 15-1788 
given before, simultaneously with or after diazepam dose 
dependently attenuated and blocked the depressant effect of 
diazepam and of other benzodiazepines; when given 15 min 
after 3 mg per kg diazepam i.p. and tested over 30 min, the EDs, 
value for Ro 15-1788 was 0.2 mg per kg p.o. Ro 15-1788 by 
itself did not affect the performance of mice and up to very high 
doses (300 mg per kg) was unable to antagonize the depressant 
effect of phenobarbitone, meprobamate, ethanol, L-cycloserine 
(a GABA transaminase inhibitor) and muscimol. However, it 
antagonized the performance~depressant effect of zopiclone’, a 
non-benzodiazepine with diazepam-like activity and moderate 
potency as an inhibitor of specific *H-diazepam binding to brain 
Synaptosomes. A pre-anaesthetic state (loss of righting reflex, 
ataxia, sleep-like posture) was induced in squirrel monkeys by 
3 mg per kg flunitrazepam i.v. When Ro 15-1788 was adminis- 
tered by stomach tube in doses between 10 and 100 mg per kg at 
the peak of flunitrazepam action, the monkeys stood up spon- 
taneously within minutes and returned to normal behaviour for 
2-4 h. 

Increase of food-rewarded behavioural responses that are 
depressed by a punishment contingency is considered to be the 
most relevant available indication from animal experiments for 
anxiolytic activity in man. In the procedure used in the present 
experiments, rats were trained to press a lever for food reward; 
during ‘conflict sessions’, in which each lever-press was both 
rewarded with a food pellet and punished with an electric foot 
Shock, the number of lever presses was markedly reduced. 
Diazepam (5 mg per kg p.o.) consistently increased the number 
of punished responses. Ro 15-1788 at 10 mg per kg p.o. pre- 
vented the antipunishment effect of diazepam. 

Electrophysiological studies revealed the following effects of 
Ro 15-1788 (P.P. et al., in preparation). In non-anaesthetized 
acute spinal cats the compound did not itself affect segmental 
dorsal root potentials and reflexes, polysynaptic ventral root 
reflexes and the spontaneous discharge rate of y-motoneurones 
(for methods see ref. 10). The very potent benzodiazepine, Ro 
11-3128 (3-methylclonazepam), at 0.1 mg per kgi.v., markedly 
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Fig. 1 Structural formula of Ro 15-1788 (ethyl-8-fluoro-5,6- 
dihydro -~ 5 - methyl - 6 - oxo - 4H -imidazo[1, 5a][1,4]benzodiaze- 
pine-3-carboxylate). 
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Fig. 2 Inhibition of specific binding of °H-diazepam 

(0.5-10 nmol!”') in rat cerebral cortex homogenate by Ro 

15-1788. O, 0.5 nmol 1"; A, 2 nmol I”'; A, 5 nmol I`; @, 
no Ro 15-1788. 


augmented the dorsal root potential (index of GABA-mediated 
primary afferent depolarization) and depressed polysynaptic 
ventral root reflexes and y-motoneurone activity. These effects 
were dose dependently reversed by i.v. injections of Ro 15- 
1788. In non-anaesthetized ‘encéphale isolé’ rats, iv. injections 
of the short-acting imidazobenzodiazepine, midazolam’, 
produced a dose-dependent decrease in the spontaneous multi- 
unit activity in the substantia nigra pars compacta and in the 
nucleus raphé dorsalis; a 50% decrease was achieved between 
326 and 750 ug per kg. Ro 15-1788 at 3 mg per kg i.v. reversed 
the effect of the highest dose of midazolam on the firing rate of 
these supposed dopamine and serotonin neurones. In the same 
rats essentially the same antagonism between midazolam and 
Ro 15-1788 was found on hippocampal neurones. 

Ro 15-1788 antagonized characteristic biochemical changes 
induced in the brain by benzodiazepines (H.M. et al., in prep- 
aration). These drugs consistently attenuate the neuroleptic- 
induced increase of homovanillic acid (HVA) in the rat brain (an 
index of dopamine turnover) by enhancing a GABAergic 
inhibitory influence on dopamine neurones. Ro 15-1788 dose 
dependently reversed the reduction by diazepam of the chlor- 
promazine-induced increase of HVA. Benzodiazepines and 
sedative drugs of diverse chemical classes decrease the cyclic 
3',5'-guanosine monophosphate (GMP) content of the cere- 
bellum in rats'*’*. Ro 15-1788 by itself did not affect the 
cerebellar cyclic GMP level, but dose dependently prevented 
(when given before) and attenuated or abolished (when given 
afterwards) the cyclic GMP reduction induced by diazepam. The 
reduction of cerebellar cyclic GMP by barbiturates, ethanol, 
meprobamate, muscimol and neuroleptics was unaffected by Ro 
15-1788. 

The antagonistic activity of Ro 15-1788 is not only selective 
for active benzodiazepines as distinct from non-benzodiazepine 
depressants but is also selective for benzodiazepine effects 
mediated by the so-called central type of benzodiazepine 
receptor as distinct from effects produced through peripheral 
types of receptor or through nonspecific interactions with 
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biological systems. For example, the antischistosomal effect of 
Ro 11-3128 (refs 14, 15} was not inhibited by Ro 15-1788 in 
vitro and in vivo (H. R. Stohler, personal communication), the 
antischistosomal activity of some 7-nitro-substituted benzo- 
diazepine derivatives is mediated by a low-affinity binding site in 
the epidermis of schistosomes with a different ligand specificity 
from that of the central type of benzodiazepine receptor’. Ro 
15-1788 also failed to antagonize the depression by benzo- 
diazepines in high concentrations (10~°-10°* mol 1°) of 
contractile responses of the guinea pig ileum to transmural 
electrical stimulation, an effect which is probably due to a 
nonspecific membrane stabilizing action. 

These results characterize Ro 15-1788 as a representative of a 
novel class of drugs that act as specific antagonists of CNS effects 
of active benzodiazepines as well as of non-benzodiazepines 
with affinity for the central type of benzodiazepine receptors. The 
discovery of such antagonists is analogous to that of opiate 
antagonists and has considerable practical and scientific impli- 
cations. They should be useful as antidotes for intoxications 
involving overdoses of benzodiazepines. As non-toxic agents, 
they should be useful for abolishing or reducing central effects of 
benzodiazepines given for surgical or diagnostic interventions 
whenever an immediate reversal of benzodiazepine effects is 
required. Previous attempts to counteract benzodiazepine 
effects by cholinesterase inhibitors’”'* or naloxone'’*” have 
yielded erratic results. Diagnostically, benzodiazepine 
antagonists should easily unmask the presence of active amounts 
of benzodiazepines in the CNS. Ro 15-1788 will be used to 
prevent the undesired central effects of Ro 1 1-3128 (3-methyl- 
clonazepam), which has proved effective as a one-shot treatment 
of schistosomiasis. Indeed, pilot studies in human volunteers 
have demonstrated a good tolerance and lack of intrinsic phar- 
macological effects of Ro 15-1788 as well as its ability to 
antagonize sedation induced by Ro 11-3128 (A. Darragh, 
personal communication). As research tools, Ro 15-1788 and 
other specific benzodiazepine antagonists will be extremely 
useful in defining the structural properties required for mole- 
cules to be recognized and bound by benzodiazepine receptors 
and to induce or prevent those conformational changes in the 
receptor protein that result in the typical enhancement of 
GABAergic transmission. Benzodiazepine antagonists should 
also be powerful tools in studying the possible existence of 
endogenous ligands for benzodiazepine receptors. Our screen- 
ing for benzodiazepine antagonistic activity resulted in the 
identification of many compounds possessing either pure 
antagonistic or antagonistic properties combined with weak 
agonistic activity and revealed interesting and unexpected 
structure-activity relationships. 

We thank Drs W. P. Burkard, M. Gerecke, H. H. Keller, 
E. Kyburz, J. P. Laurent and R. K. M. Müller for their 
contributions. 
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Transformation by several RNA tumour viruses seems to be 
mediated by virally coded protein kinases which specifically 
phosphorylate tyrosine’. A tyrosine-specific protein kinase 
also seems to be involved in the mitogenic action of epidermal 
growth factor (EGF)*. This EGF-stimulated kinase activity is 
closely associated with the EGF receptor, with which it co- 
purifies during EGF-affinity chromatography’. Because both 
the virus- and EGF-stimulated tyrosine kinases may be involved 
in stimulation of cell growth, and because the viral kinases may 
be antigenically related to normal cell proteins’’®”’, we 
examined the interaction of antibodies to viral tyrosine kinases 
with the affinity-purified EGF receptor-kinase preparation. We 
report here that the receptor—kinase specifically phosphorylates 
antibodies directed against the transforming protein kinase 
pp60 of Rous sarcoma virus. However, none of these anti- 
bodies, including those which cross-react with the normal cellu- 
lar homologue of pp60" (pp60""), precipitate the receptor- 
kinase. These results suggest that the EGF receptor—kinase is 
related to, but probably not identical with, pp60°™. 

Antisera from rabbits bearing tumours induced by Rous 
sarcoma virus (TBR sera) not only precipitate pp60™° (ref. 13), 
but also have the unusual property of acting as a specific 
substrate for the protein kinase activity of pp60°". In this 
reaction, pp60"* catalyses the phosphorylation of the IgG heavy 
chain'*'5, but does not phosphorylate normal rabbit IgG**’; 
TBR IgGs are not substrates for protein kinases in general’. 
Using TBR sera obtained from several laboratories, we 
examined the ability of the EGF receptor-kinase to phos- 
phorylate specifically the IgG heavy chain of TBR sera. 

Affinity-purified EGF receptor-kinase, prepared from 
membranes of A431 cells’, was incubated with various antisera 
in the presence of EGF, Mn” and [y-*° P]ATP and subjected to 
SDS-gel electrophoresis and autoradiography (Fig. 1). As pre- 
viously reported, in the absence of added serum the receptor- 
kinase catalyses the phosphorylation of two bands with apparent 
molecular weights (MWs) of 150,000 and 170,000 (Fig. 1, lane 
a)—this doublet is thought to be the EGF receptor itself’. When 
TBR serum is included in the reaction mixture, a band co- 
migrating with the IgG heavy chain becomes phosphorylated 
(Fig. 1, lanes b-f). This phosphorylation seems to be more 
pronounced when TBR sera that cross-react with the normal 
cellular homologue (pp60™"*) of pp60°° are used (Fig. 1, lanes 
d-f). Normal rabbit sera are not phosphorylated or are phos- 
phorylated only to a small extent (Fig. 1, lanes g, A). We tested 
30 antisera to various proteins and viruses in this assay, and, with 
the exception of TBR sera, none was phosphorylated by the 
EGF receptor-kinase. These controls included antisera which 
precipitate the tyrosine kinases associated with Abelson murine 
leukaemia virus’, feline sarcoma virus* and polyoma virus’ *, as 
well as an antiserum to A431 cell membranes that precipitates 
the receptor-kinase (Fig. 1, lane i)'®, Thus, the EGF receptor- 
kinase interacts specifically with antisera that precipitate 
pp6o™. 

The observed phosphorylation of TBR IgG was not due to 
endogenous protein kinase activity in the TBR sera or to an 
EGF-unrelated cellular kinase in the purified receptor prep- 
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Fig.1 Analysis by SDS-gel electrophoresis and autoradiography 
of EGF receptor~kinase-catalysed phosphorylation of rabbit anti- 
tumour sera. Antisera from rabbits bearing tumours induced by 


Rous sarcoma virus (TBR sera) ? were able to precipitate and act 
as a substrate for the transforming protein kinase coded for by 
Rous sarcoma virus (pp60°*)'*!>. The antisera shown in lanes d-f 
can also precipitate, and be phosphorylated by, the homologous 
cellular pp60°"* (ref. 11). Rabbit antiserum raised against A431 
human epidermal carcinoma cell membranes was prepared and 
purified as described elsewhere `; this antiserum precipitates the 
purified EGF receptor with its associated tyrosine-specific® protein 
kinase activity (EGF receptor—kinase). The EGF receptor—kinase 
was purified from  Triton/glycerol-solubilized A431 cell 
membranes by adsorption to EGF-AffiGel and elution with 
ethanolamine as described elsewhere’. The receptor—-kinase pre- 
paration used in these experiments contained ~90 pg ml! of 
protein in 1% Triton X-100, 10% glycerol, 5 mM ethanolamine, 
pH7. 15 pl of receptor-kinase was activated” by incubation for 
10 min at 25 °C with 15 ul EGF (100 ng, in 0.05% bovine serum 
albumin (BSA)) and, 15 pl of 4mM MnCl, in 60 mM HEPES, 

pH 7.4 (HEPES/ Mn**). The mixture was then chilled on ice for 
10 min and incubated with 3 ul of the indicated antiserum for 
30 min at 0°C. 15 pl [y- P]ATP (2 uCi, 60 pM) was then added, 

and after 10min at 0°C the phosphorylation reaction was 
terminated by addition of SDS sample buffer to the final concen- 
trations described by Laemmli’’. Samples were heated for 5 min in 
a boiling water bath and electrophoresed through a 3% poly- 
acrylamide stacking gel and a 7.5% separating gel using Laemmli’s 
buffer system’ P-labelled proteins were visualized by auto- 
radiography on DuPont Cronex film, while molecular weight 
markers (BioRad) and the IgG heavy chain were located by 
Coomassie blue staining. Markers were myosin, MW 200,000 
(200 K); 8-galactosidase, MW 117 K; phosphorylase b, MW 94 K; 
BSA, MW 68 K, and ovalbumin, MW 43 K. Serum additions were 
as follows: a, saline control; b-f, TBR sera; g, h, normal rabbit sera; 

i, rabbit anti-A431 cell membrane IgG (25 ug). 


aration (Fig. 2) because no phosphorylation of IgG was obser- 
ved in any of the TBR sera in the absence of added receptor- 
kinase (Fig. 2, lane a), and phosphorylation of the IgG heavy 
chain was stimulated by EGF (Fig. 2, lanes b, c). 

Surprisingly, despite the specific interaction of the EGF 
receptor-kinase with TBR IgG, none of the TBR sera examined 
was able to precipiate the receptor—kinase, including antisera 
known to precipitate pp60°" from uninfected cells (Fig. 3). The 
receptor doublet and the IgG heavy chain were labelled with ”P 
by incubating receptor—kinase with TBR serum in the presence 
of EGF, [y-**P]ATP and Mn?“ (Fig. 3, lane a). This prelabelled 

- mixture was then subjected to immunoprecipitation with pro- 
tein A-Sepharose, and the supernatant (Fig. 3, lane b) and 
washed pellet (Fig. 3, lane c) were examined by SDS-gel elec- 
trophoresis and autoradiography. The phosphorylated IgG is 
precipitated but the receptor remains in the supernatant. 
However, as it is possible that the receptor and kinase are 
dissociable, this experiment was not adequate to determine 
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whether the receptor-associated kinase activity had remained in 
the supernatant or had been precipitated with the TBR IgG. 
Therefore, unlabelled EGF receptor-kinase, pre-activated with 
EGF, was incubated with unlabelled TBR serum, immuno- 
precipitated with protein A-Sepharose, and the supernatant and 
washed pellet were assayed for protein kinase activity in the 
presence of [y-" P]ATP and Mn’”. All phosphorylating activity 
was found in the supernatant, where the receptor doublet 
became phosphorylated (Fig. 3, lane d), whereas the IgG- 
containing precipitate contained no detectable kinase activity 
(Fig. 3, lane e). Thus, neither the EGF receptor nor its asso- 
ciated protein kinase activity is precipitated by TBR serum. The 
antisera to other viral tyrosine kinases (see above) also failed to 
precipitate the EGF receptor (not shown). As a positive control, 
it was confirmed that this TBR serum could precipitate IgG 
kinase activity from a crude detergent extract of A431 cells (Fig. 
3, lane g). Thus, although A431 cells seem to contain pp60°" 
that precipitates with and phosphorylates TBR serum, this 
kinase is not detected in the purified receptor preparation. 
Furthermore, in these conditions both the receptor and its 
associated kinase activity could be immunoprecipitated using 
antiserum directed against the A431 cell membranes from 
which the receptor~kinase was purified (Fig. 3, lane f). In this 
experiment, unlabelled receptor—kinase, precipitated with the 
anti-membrane serum, became labelled in the immunoprecipi- 
tate on addition of [ y- P]ATP and Mn’; the antibody was not 
labelled. 

Because phosphorylation of IgG catalysed by pp60°" and 
phosphorylation of the 150,000-170,000 MW EGF receptor 
doublet by the receptor~kinase are known to occur on tyrosine 
residues", it was interesting to determine whether the IgG 
phosphorylation catalysed by the receptor-kinase was also 
specific for tyrosine (Fig. 4). TBR IgG was phosphorylated in the 
presence of the receptor—kinase and [y-" P]ATP, and pre- 
cipitated with protein A-Sepharose; the precipitated material 
was eluted from the washed beads by heating in SDS, and 
SDS-gel electrophoresis and autoradiography of an aliquot of 
this eluate were used to confirm that the only major phos- 
phorylated component was the IgG heavy chain (Fig. 4a}. The 
remainder of the eluted material was ord leita to partial acid 
hydrolysis and paper electrophoresis at pH 3.5 in the presence of 
internal phosphoamino acid standards’. With or without EGF, 











43K 





Fig. 2 Effect of EGF on receptor-kinase-catalysed phos- 
phorylation of TBR serum. Phosphorylation reactions, electro- 
phoresis and autoradiography were carried out as described in the 
legend to Fig. 1, except that buffer blanks were substituted for EGF 
or for EGF receptor~kinase as indicated. a, Minus receptor- 
kinase, +EGF, +TBR serum; b, plus receptor~kinase, —EGF, 
+TBR serum; c, plus receptor—kinase, +EGF, +TBR serum. 
Similar results (not shown) were obtained with the other TBR sera 
described in Fig. 1 legend. 











Fig. 3 SDS-gel electrophoresis and autoradiography showing 
non-precipitation of EGF receptor-kinase by TBR serum. a-c, 
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sufficiently antigenically related to pp60™™ specifically to bind 
and phosphorylate anti-pp60°" IgG, but insufficiently related to 
bind tightly enough for immunoprecipitation. (3) The receptor- 
kinase may be pp60™", but the interaction of pp60°™ with the 
EGF receptor may inhibit the ability of the kinase to be 
immunoprecipitated by TBR IgG. 

Although further purification of the receptor—kinase will be 
required to distinguish unambiguously between the above 
possibilities, we find it intriguing that an EGF-stimulated 
enzyme which seems to be involved in normal growth control 
interacts specifically with antibodies to a viral transforming 
protein. It is possible that the normal cell proteins from which 
viral transforming proteins are thought to have evolved” may, 
like the EGF receptor-kinase, be part of the normal cell 
machinery involved in growth regulation. Furthermore, as EGF 
is not tumorigenic, we believe that study of the means by which 
different tyrosine kinases stimulate growth may elucidate the 
cellular controls that distinguish malignant from non-malignant 
growth. 


Mixtures of EGF receptor~kinase and TBR serum (known to 
cross-react with pp60°"") were phosphorylated as described in Fig. 
1 legend, except that the final reaction volume was increased to 
83 yl. a, This phosphorylated mixture was subjected to SDS-gel 
electrophoresis without further treatment; b, c, IgG in a replicate 
phosphorylated mixture was adsorbed to 40 yl of packed protein 
A-Sepharose in 20 mM HEPES, pH 7.4 by incubation for 30 min 
at 0°C with resuspension every 5 min. The sample was then spun 
for 2 min at 8,000g in an Eppendorf minifuge, and 60 yl of the 
supernatant prepared for electrophoresis (lane b). The protein 
A-Sepharose beads were washed five times with 1 ml of 20mM 
HEPES, pH 7.4. The bound IgG was eluted by heating for 5 min at 
100°C in 150 pi of SDS sample buffer, and, after removal of the 
protein A-Sepharose beads by centrifugation, was subjected to 
SDS-gel electrophoresis (lane c). d, e, Unlabelled receptor—kinase 
was activated with EGF and incubated with TBR serum as in a-c. 
Following incubation, IgG was precipitated with protein A- 
Sepharose as described above for lanes b and c; 60 pl of the 
supernatant was incubated for 10 min at 0°C with 20 pl each 
HEPES/Mn** and [y- P]ATP (2.0 pCi, 60 pM) and processed 
for electrophoresis (lane d). The protein A-Sepharose precipitate 
was washed five times with 1 mi of 20 mM HEPES, pH 7.4, and 
incubated for 10 min at 0°C with 20 ul each HEPES/ Mn** and 
[ y- P]ATP. IgG bound to the protein A-Sepharose was eluted as 
for c and electrophoresed (lane e). f,g, Positive controls for 
immunoprecipitation: f, as lane e, except that rabbit IgG raised 
against A431 ceil membranes was used in place of TBR serum, g, a 
crude 1% Triton/10% glycerol extract of unlabelled A431 cells 
was incubated with cross-reactive TBR serum and immunopre- 
cipitated. Precipitation with protein A-Sepharose and phos- 
phorylation of the precipitate with [y-" P]ATP was as for samples 
e and f. 


the major phosphoamino acid released by hydrolysis of the 
phosphorylated IgG was identified as phosphotyrosine; the 
amount of phosphotyrosine formed was greater in the presence 
of the hormone. Thus, phosphorylation of TBR IgG by either 
pp60** (ref. 2) or by the EGF receptor-kinase occurs on 
tyrosine. 

The previous findings that both pp60™ (refs 2, 4) and the EGF 
receptor~kinase” phosphorylate only tyrosine residues sugges- 
ted some possible similarity in the active sites of the two 
enzymes. Our observation that both kinases specifically phos- 
phorylate TBR IgG, although other IgGs contain tyrosine resi- 
dues, suggests further similarity. However, there are several 
interpretations of the degree of this similarity: (1) TBR IgG, 
although not substrates for cyclic AMP-dependent protein 
kinases'', may contain sequences that make them efficient sub- 
strates for a variety of related tyrosine-specific protein kinases. 
In this regard, it is interesting that the tyrosine kinase activities 
associated with the transforming proteins of feline sarcoma 
virus, Abelson murine leukaemia virus, polyoma virus, and the 
avian sarcoma viruses Y73 and PRC II are able specifically to 
phosphorylate TBR IgG (K. Beemon and T. Hunter, personal 
communication). (2) The EGF receptor-kinase may be 








Fig. 4 Identification of phosphotyrosine in TBR IgG phos- 
phorylated by the EGF receptor—kinase in the absence/presence of 
EGF. 40 pl of the receptor-kinase preparation was mixed with 
40 ul of HEPES/Mn”* and 40 yl of either 0.05% BSA without 
EGF, or 0.05% BSA containing 270 ng EGF, and was incubated 
for 10 min at 25 °C. The mixture was chilled on ice for 10 min and 
incubated for 1.5h at 0°C with 6yul of TBR serum. 4.5 ul of 
[y-?PJATP (35 pCi, 436 pM) was then added, and incubation on 
ice was continued for 10 min. 40 ul of protein A-Sepharose in 
20mM HEPES, pH7.4 was then added, and the suspension 
incubated for 30 min on ice, with resuspension every 5 min. The 
protein A~Sepharose was washed five times with 1 ml of 20mM 
HEPES, pH 7.4 by spinning for 2 min at 8,000g in an Eppendorf 
minifuge, and the bound IgG was eluted by adding 600 wl of 2% ' 
SDS in 20 mM HEPES, pH 7.4 and heating for 5 min in a boiling 
water bath. Aliquots (50 wl) of each sample were examined by 
SDS-gel electrophoresis and autoradiography (a). The remainders 
of the samples were transferred to glass centrifuge tubes on ice and 
precipitated with 20% trichloracetic acid (TCA) in the presence of 
100 pg BSA and 10 mM sodium pyrophosphate. Precipitates were 
washed twice with 20% TCA/10 mM sodium pyrophosphate and 
once each with ethanol and ether. Samples were air dried, hydro- 
lysed under vacuum in 6 M HCI for 2.5 h at 100°C, and processed 
for paper electrophoresis at pH 3.5, as described elsewhere’. 
Results of paper electrophoresis and autoradiography are shown in 
b. Internal phosphoamino acid standards” were located by staining 
with ninhydrin. 
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Epidermal growth factor (EGF) stimulates phosphorylation of 
its own receptor at a tyrosine residue’. Similarly, the viral gene 
product pp60", which is responsible for cellular transformation 
by avian sarcoma virus (ASV), phosphorylates itself and 
immunoglobulin directed against pp60™ at tyrosine residues”. 
This unusual site of phosphorylation catalysed by two 
membrane-associated protein kinases*” involved in growth 
control prompted us to study the immunological relatedness of 
the EGF-stimulated protein kinase and the pp60"*. Using anti- 
pp60™ antisera, we attempted to immunoprecipitate the EGF- 
stimulated protein kinase solubilized from plasma membranes. 
We report here that neither the EGF-stimulated kinase nor the 
EGF receptor were immunoprecipitable by anti-pp60™ sera. 
However, anti-pp60™ IgG served as a specific substrate for the 
EGF-stimulated kinase, suggesting a close similarity between 
the EGF-stimulated kinase and pp60"". l 

We used the plasma membranes of A431 human carcinoma 
cells because of their unusually high density of EGF receptors’. 
Detergent-solubilized plasma membranes prepared from these 
cells retain EGF-stimulated phosphorylation of the EGF 
receptor protein? of molecular weight (MW) ~170,000. 
Treatment of the solubilized membranes with antisera raised in 
ASV tumour-bearing rabbits'° was followed by removal of the 
immune complexes with protein A containing Staphylococcus 
aureus (Pansorbin, Calbiochem). Phosphorylation of immune, 
but not control, IgG heavy chains could be demonstrated in the 
resultant precipitate. Normal or non-ASV-transformed verte- 
brate cells contain src gene sequences and a cell protein 


(pp60°") that is closely related to the viral pp60® (refs 11-14). 
Our ability to precipitate specifically a rabbit IgG heavy chain 
kinase with anti-pp60°° sera suggested that the A431 plasma 
membrane contained pp60*". 

Using this immunoprecipitation approach, we determined the 
effect of removal of pp60°" activity on EGF-stimulated phos- 
phorylation of the EGF receptor. The membranes were solu- 
bilized using a procedure that optimized the recovery of pp60°* 
activity in the immunoprecipitates and the solubilized A431 
membranes were then titrated with antiserum to determine the 
amount required to remove the maximum quantity of pp60™"° 
activity made available by membrane solubilization. As deter- 
mined by this titration, doubling of the amount of antiserum did 
not increase the amount of pp60“" activity precipitated. 
However, another incubation with additional antiserum in the 
immune adsorbed supernatant detected some residual pp60"* 
activity (Fig. 1, lane 8), which never exceeded 25% of the total 
immunoprecipitable activity. A third immune precipitation 
failed to detect any residual pp60™" activity. When immuno- 
precipitates were formed from solubilized plasma membranes 
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Fig. 1 Effect of immunoprecipitation of pp60"* activity on EGF-stimu- 
lated phosphorylation of the EGF receptor in solubilized A431 cell 
membranes. Purified A431 plasma membranes?’ were solubilized in buffer 
containing 1% Triton X-100, 10% glycerol, and 20 mM HEPES, pH 7.4 
(ref. 9). Control (lanes 1,2) and anti-pp60" (lanes 3,4) sera at a final 
dilution of 1/20 were incubated with 400 ugml' of solubilized A431 
membrane for 3 h in 20 mM HEPES, pH 7.4, 1 mM MnCl, and 0.1 mg m7 
bovine serum albumin (BSA). Control (lane 5) and immune (lane 6) IgG 
were removed from the mixture by precipitation with Pansorbin for quan- 
titation of pp60°" activity and the remaining supernatants divided into two 
aliquots: one was treated with (lanes 2, 4) or without (lanes 1,3) 0.3 uM 
EGF (ref. 9) followed by the addition of 15 pM [y- P]ATP (1.25 pCi per 
60 wl assay), After incubation for 2 min at 0°C, the reaction was stopped by 
the addition of Laemmli sample buffer’® and boiling for 3 min, followed by 
electrophoresis on 7.5% polyacrylamide gels. Phosphorylated proteins were 
visualized by autoradiography. To quantify residual pp60"* present in 
control and immune supernatants, second aliquots of supernatant were again 
treated with anti-pp60"" serum and Pansorbin. These second immune 
precipitates derived from control (lane 7) or immune (lane 8) serum-treated 
Supernatants were assayed for pp60** activity. The Pansorbin-bound 
immune precipitates were washed three times by centrifugation in NP40 
buffer’®, once in phosphate-buffered saline, and resuspended in 80 ul of a 
buffer containing 20mM sodium phosphate (pH 7.2), 5mM MgCl, and 
15 nM [y-**P]ATP (3,000 Ci mmol™!, 2 aCi per assay). After incubation for 
20 min at 30°C, the reaction was stopped by the addition of RIPA buffer”, 
and phosphorylated proteins were separated on 10% polyacrylamide gels. 
The peptides present in the immunoprecipitates were analysed (lanes 9, 10). 
A431 cells were metabolically labelled with *°S-methionine’*, the plasma 
membranes isolated and solubilized and immunoprecipitations performed. 
The Pansorbin-bound immunoprecipitates from solubilized membranes that 
had been pre-adsorbed with control (lane 9) or immune (lane 10) serum were 
washed extensively before separation on 10% polyacrylamide gels. Molecu- 
lar weight standards were: myosin, MW 200,000 (200 K); A-galactosidase, 
130 K; phosphorylase b, 94 K; transferrin, 75 K, BSA, 68 K; catalase, 60 K; 
ovalbumin 43 K, and carbonic anhydrase, 30 K. C designates treatment with 
control serum, I with anti-pp60°° serum and C+I or I+I, sequential 
treatment with these sera. 
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Table 1 EGF-stimulated phosphorylation of tyrosine residues in the EGF 
receptor and in anti-pp60°° IgG 
“P incorporation into tyrosine residues (c.p.m.) ° 
EGF receptor IgG heavy chain 
(MW ~ 170,000) (MW = 55,000) 
-EQF 156 147 
+EGF 349 513 





Phosphorylation reaction mixtures containing solubilized A431 membranes and 
anti-pp60** serum with or without 0.3 pM EGF were incubated as described in the 
legends to Figs 1 and 2. After electrophoresis, the gels were dried and the 
phosphorylated EGF receptor and IgG heavy chain located by autoradiography 
using appropriate alignment markers. The regions of the dried gel containing the 
phosphoproteins were cut out and placed in dialysis bags after removal of the paper 
backing. Buffer containing freshly prepared 10 mM NH,HCO,, 0.1% SDS and 
5% 2-mercaptoethanol was placed in the dialysis bag to swell the gel. The dialysis 
bags were placed in the same buffer between two platinum electrodes and a 
5-10 Vem"! field applied for 8 h; the field was reversed for 15 s before removal of 
the contents, This solution was filtered through glass wool and 50 yg of bovine 
y-globulin carrier added before trichloroacetic acid (TCA) precipitation. The 
protein precipitate was washed in ethanol and ether and hydrolysed for 2 hin 6M 
HClat 110°C. Phosphoamino acids were separated by electrophoresis on cellulose 
thin layer plates with the buffer (pH 3.5) described by Hunter and Sefton’, 
“P.tabelled amino acids were located by autoradiography and identified by 
alignment with the corresponding ninhydrin-stained phosphoamino acid stan- 
dards. The area of the thin layer plate corresponding to phosphotyrosine was 
scraped and its P content determined by scintillation counting, 


prepared from *°S-methionine-labelled A431 cells, several 
peptides were precipitated nonspecifically (data not shown). 
However, if immunoprecipitates were formed from solubilized 
membranes pre-adsorbed with control serum, a peptide of MW 
60,000 was evident. Pre-adsorption with anti-pp60°° serum 
markedly and specifically diminished the amount of the 60,000- 
MW peptide in the immunoprecipitate, approximately in pro- 
portion to the removal of anti-pp60°™ IgG kinase activity (Fig. 1, 
lanes 9, 10). Despite specific removal of >75% of the pp60°* 
activity and the associated 60,000-MW peptide from the solu- 
bilized membrane, EGF-stimulated phosphorylation of the 
~170,000-MW receptor protein was unaffected (Fig. 1, lanes 
1-4). Furthermore, analysis of the products of phosphorylation 
of the immunoprecipitate never revealed the ~170,000-MW 
receptor (Fig. 1, lanes 6-8) nor could EGF receptor phos- 
phorylated before immunoprecipitation be detected in the 
immunoprecipitates (See Fig. 36). Thus, neither the EGF 
receptor nor the EGF-stimulated protein kinase was removed 
by tunmunoprecipitation. These data suggested that either the 
pp60" was immunologically unrelated to the EGF-stimulated 
kinase or that it was unavailable for immune adsorption. 

In view of these experiments, we were surprised with the 
results obtained when solubilized A431 membranes were 
incubated with antisera which were not subsequently removed 
with Pansorbin: in these conditions, both the receptor and the 
heavy chains of anti-pp60°° IgG, but not control IgG, were 
phosphorylated in an EGF-stimulated manner (Fig. 2, upper 
panel). Antisera raised in several ASV tumour-bearing rabbits 
were phosphorylated by the solubilized membranes to varying 
extents. Those antisera which were good substrates for the 
solubilized EGF-stimulated kinase were also good substrates in 
the immunoprecipitation reaction designed to detect pp60°* 
activity (Fig. 2, lower panel), Because these antisera were 
selected for their ability to be phosphorylated by pp60™, they 
did not always have parallel! ability to act as substrate for 
pp6o"". Various non-immune sera failed to serve as phos- 
phorylation substrates for either kinase. The parallel ability of 
the immune antisera to act as substrates for pp60° and the 
EGF-stimulated kinase suggested that very similar deter- 
minants are required by the pp60°" and the EGF-stimulated 
kinase to allow phosphorylation of the anti-pp60° sera. 

The phosphoamino acids in the receptor and IgG heavy chain 
were analysed in phosphoproteins purified by polyacrylamide 
gel electrophoresis. Both the receptor and IgG were phos- 
phorylated exclusively at tyrosine residues, and phosphate 
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incorporation into tyrosine in both proteins was stimulated 
threefold by EGF (Table 1). i 

The EGF stimulation of IgG phosphorylation was not due to 
the release of more pp60°™ into an immunoreactive fraction 
because EGF failed to increase significantly the yield of pp60° 
activity in the immune precipitate (data not shown). Further- 
more, removal of a significant fraction of pp60°* did not alter 
the ability of the EGF-stimulated kinase to phosphorylate 
immune IgG (Fig. 3a). The inability to alter the receptor or 
immune IgG phosphorylation by prior immunoprecipitation of 
pp60™" suggested that these proteins were not phosphorylated 
by the fraction of pp60° accessible to immunoprecipitation. 
The failure to immunoprecipitate the EGF receptor or its 
EGF-stimulated kinase, which is tightly associated with the 
EGF receptor, was not due to any impediment to binding of the 
Fc fragment of IgG to the protein A on the bacteria. Pansorbin 
could quantitatively remove antibodies which had been inter- 
acted with the EGF-stimulated kinase and phosphorylated. 
However, such immune precipitation did not precipitate the 
phosphorylated EGF receptor (Fig. 3b). 

The apparent low affinity of the anti-pp60°° IgG for the 
EGF-stimulated kinase, which allowed phosphorylation but not 
immune precipitation, has two possible explanations. (1) The 
EGF-stimulated kinase could be distinct from the pp60°" yet 
similar enough to allow immune-specific recognition of antisera 
leading to IgG heavy chain phosphorylation. A closer homology 
between pp60°" kinase and EGF-stimulated kinase cannot be 
excluded. The tight association between the kinase and receptor 
could occlude some immune determinants, allowing the anti- 
pp60™ IgG to interact strongly enough for phosphorylation, but 
too weakly for immune precipitation. (2) It is possible that the 
phosphorylation site in the variable region of the heavy chain’* 
of anti-pp60°° contains a sequence that is preferred by tyrosine- 
specific kinases. 

In either case, a close similarity between pp60°" and the EGF 
receptor kinase has been established. Both proteins are them- 
selves phosphorylated at tyrosine residues and both are able to 
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16,530 
24,156 


5,680 = pp60** (A431) 
52,990 pp605 (Chicken) 


cpm. 974 1,293 = 4,641 
1.496 21,891 $4,437 


Fig. 2 EGF-stimulated phosphorylation of anti-pp60°° sera. Various 
antisera to viral pp60*° were raised in newborn rabbits bearing ASV- 
induced tumours”, Sera from newborn rabbits that did not develop tumours 
contained no detectable anti-pp60"" activity-—these and several adult rabbit 
sera served as controls. Control sera (lanes 1,2) and immune sera (lanes 
3-10) were incubated with solubilized A431 membranes for 30 min at 0°C 
as described in Fig. 1 legend, without the addition of Pansorbin. Reaction 
mixtures were treated with (lanes 2, 4, 6, 8, 10), or without (lanes 1, 3, 5, 7, 
9), 0.3 uM EGF followed by the addition of 15 uM [y~*?P]ATP for 2 min at 
0 °C. Electrophoresis and autoradiography were performed as described in 
Fig. 1 legend. Numbers below the autoradiogram show results for the same 
antisera when tested for ability to precipitate, and be phosphorylated by, 
cellular pp60"* from solubilized A431 membranes and by partially purified 
pp60** (ref. 15) from ASV -induced chicken tumours. Immunoprecipitations 
and phosphorylation reactions were carried out as in Fig. 1 legend except 
that the reactions were terminated by applying the reaction mixtures to 
Whatman 3M filter paper discs which were then placed in 10% TCA. The 
filters were washed three times in 5% TCA, then boiled in 5% TCA for 
10 min; TCA and water were then removed by washing the filters in ethanol, 
followed by ether. **P incorporated into IgG heavy chains was measured by 
scintillation counting. 











Fig. 3 a, Lack of effect of removal of pp60°" on EGF-stimulated phos- 
phorylation of anti-pp60°" serum. pp60°° was removed from solubilized 
A431 membranes by immunoprecipitation with anti-pp60"° serum, The 
same quantity of antiserum was re-added to control (lanes 1, 2) and immune 
(lanes 3, 4} serum-treated supernatants. Mixtures were incubated for 30 min 
at 0°C followed by addition of EGF (lanes 2, 4) or buffer (lanes 1, 3). 
Phosphorylation reactions, electrophoresis and autoradiography were per- 
formed as described in Fig. 1 legend. b, Failure of anti-pp60°° serum to 
precipitate the phosphorylated EGF receptor. Immune serum and EGF 
were added to solubilized A43i cell membranes as described in Fig. 2 
legend. [y- P]ATP (15 uM) was added for 5 min at 0°C and the reaction 
terminated by addition of EDTA to a final concentration of 5 mM. 
Immunoprecipitation was carried out using Pansorbin. Samples were 
analysed by electrophoresis and autoradiography. Lane $, supernatant 
remaining after immunoprecipitation; lane 6, complete phosphorylation 
mixture; lane 7, immunoprecipitate. 


phosphorylate, with parallel avidity, antisera directed against 
pp60"°, also at tyrosine residues. Although identity of the 
EGF-stimulated kinase with the pp60°" has not been 
established, these two kinases belong to a new family of tyrosine 
kinases involved in the continuum from growth control to 
transformation. It has been suggested that ASV transformation 
is an exaggerated growth response resulting from a 30- to 
50-fold increase in the amount of pp60°" in the transformed 
cells'?. Although EGF stimulation does not result in trans- 
formation, sarcoma growth factor, described by DeLarco and 
Todaro*®, does induce a transformation-like state in EGF 
responsive cells, apparently through binding to the EGF recep- 
tor. It is interesting to speculate that sarcoma growth factor acts 
as a super-agonist on the EGF receptor, increasing the tyrosine 
phosphorylation activity of the EGF-stimulated kinase to levels 
seen in ASV transformation. 
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The products of the highly polymorphic genes known as the 


_major histocompatibility complex (MHC) have been shown to 


play a major part in the control of several aspects of the immune 
response and of susceptibility to certain diseases*”, The major 
transplantation antigens are membrane proteins composed of 
two noncovalently associated polypeptide chains: a light, non- 
polymorphic chain of molecular weight 12,000 (MW), called 
B.-microglobulin, and a polymorphic, glycosylated heavy chain 
of ~45,000 MW. The heavy chains in man and mouse are 
encoded in at least three loci of the MHC named HLA-A, -B 
and -C, and H-2D, K and L respectively. The available amino 
acid sequence data indicate extensive homology between human 
and mouse heavy chains**, We therefore used a recently iso- 
lated cloned mouse H-2 cDNA probe‘ to screen a human gene 
library. We have now characterized one of the recombinant 
phages obtained, A HLA-12, and shown that it contains an 
authentic HLA sequence with evidence of a second one close by. 

Major efforts have been directed towards the molecular 
cloning of HLA and H-2 gene sequences. The isolation of 
cloned cDNA copies has proved difficult because of the low 
abundance of the corresponding mRNAs in vive. Nevertheless, 
cDNA clones carrying HLA® and H-2 (ref. 5) sequences have 
been obtained. A recombinant plasmid, pH-2°-3, recently iso- 
lated by Bregegere et al,’, carries a cDNA insert of 1,050 base 
pairs, which corresponds to the 3’-untranslated region (500 base 
pairs) and 550 base pairs of translated sequence of a mRNA 
coding for a H-2 heavy chain of the d haplotype. H-2 and HLA 
heavy chains consist of three globular domains followed by a 
transmembrane sequence which anchors the molecule at the cell 
surface, and a short intracellular carboxy-terminal fragment. 
pH-2°-3 lacks the sequences coding for the first two domains but 
contains the rest of the coding sequence. 

Comparison of HLA-B7, HLA-A2 and H-2K° amino acid 
sequences shows that the third domain is the best conserved part 
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Fig. 1 Ethidium bromide-stained gel (left) and autoradiogram 
after transfer and hybridization with the H2-1 (middie) or the H2-2 
(right) probes of A HLA-12 DNA digested with EcoRI, Sst] and 
Sstl+ EcoRI restriction enzymes. The first pattern on the left is 
Hindill-digested A DNA giving fragments at 23.6, 9.46, 6.78, 
4.34, 2.26 and 1.98 kilobases. Aliquots of digested A HLA- 12 
DNA were run on a 0.5% agarose gel slab (overnight at 3 n em™') 
and transferred to nitrocellulose according to Southern''. The 
filter was baked at 80°C for 2h, pretreated for 4h at 68 °C i in 
6 x SSC, 1 x Denhardt's mix’? and hybridized overnight at 68 °C in 
2x SSC, 1 x Denhardt, 0.5 x ‘SDS with H2-1 or H2-2 probes. The 
probes (Pstl-digested pH-2° -3 DNA fragments) were recovered 
from a low gelling point agarose gel”, run on a small DEAE 
(DE52) column and, labelled by nick-translation’* to specific 
activities of 1-4x 107 d. p.m. per pg. After hybridization, filters 
were washed three times at 68°C in 2xSSC, 1x Denhardt and 
0.5 x SDS, twice at 20°C in 2 x SSC, 50% formamide, 0.5% SDS, 
and twice in 2 x SSC, Exposure was 1~2 days at ~70 °C with Ilford 
‘fast tungstate’ screens. It is apparent from these patterns (see Fig. 
2 for corresponding restriction map) that the H2-1 probe hybrid- 
izes only to the right of the last Ssrl site in the insert whereas the 
H2-2 probe hybridizes to two sets of fragments which are in fact 
separated by ~1.9 kilobases. 
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in 2 x SSC (rather than the usual 68 °C). However, all positive 
phages hybridized strongly with probe H2-2 at 68°C. One 
recombinant, A HLA-12, containing a 15-kilobase insert, was 
selected for further study. 

A HLA-12 DNA was analysed by digestion with EcoRI, Sst] 
and BglII restriction enzymes alone or in combination. The 
fragments were separated on agarose gels and analysed by 
Southern blotting and hybridization with the H2-1 and H2-2 
probes. Figure 1 shows an example of such an analysis. The 
restriction map obtained for A HLA-12 is shown in Fig. 2. H2-2 
hybridized to two different Ssd fragments, which indicates that 
at least one cleavage site may lie within sequences homologous 
to this (third domain-specific) probe; H2-1 hybridized only to 
the right-ward Sst! fragment. Hybridization to the BglII and 
Bglll+ SstI fragments confirmed these results, which indicate 
that the gene is oriented left to right on the map. 

As SstI was suspected to cleave within the region coding for 
the third domain, A HLA-12 DNA was digested with Ss¢I 
restriction enzyme and labelled at the 5’ or at the 3’ ends. One of 
the fragments hybridizing with the H2-2 probe (see Fig. 1) was 
isolated after secondary digestion with EcoRI restriction 
enzyme and sequenced by the Gilbert-Maxam method”; label- 
ling at the 3’ and 5S’ ends allowed sequence determination on 
both strands from the same restriction site. 

The DNA sequence obtained to the left of the second SsrI site 
in the insert is shown in Fig. 3. The protein sequence cor- 
responding to a translation phase open in this region is shown 
above the nucleotide sequence; the HLA-B7 (ref. 3) sequence is 
shown on top. Figure 3 shows that the region sequenced cor- 
responds to an HLA gene segment (amino acids 199 to 230 in 
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199 HLA B7 230 


Fig. 2 Restriction map (R = EcoRI, S = Sst], B= BglII restric- 
tion enzymes) of A HLA-12.A HLA-12 was identified and purified 
by three successive rounds of plaque hybridizations” qx 10, 
3 x 10° and 200 plaques per dish) using nick-translated'* (1-3 x 
10° c.p.m. per ug) H2-1 or H2-2 probes (for conditions see Fig. 1 
legend). Autoradiography was overnight at ~70°C using flashed 


of the molecule**; the H~2° amino acid sequence derived from 
the pH-2°-3 DNA sequence shows 72.6% homology with that 
of HLA-B7 in the third domain’. These observations led us to 
speculate that there might be sufficient nucleotide sequence 
homology between H-2 and HLA DNA sequences to allow 
specific hybridization of H-2 probes to human HLA genomic 
segments. 

Two DNA fragments were purified from the pH--2°-3 plasmid 
after digestion with PstI: one (abbreviated H2-1) is ~600 base 
pairs long and includes sequences coding for the transmembrane 
and cytoplasmic parts of the H-2 heavy chain and the other, 
H2-2, is 195 base pairs long and encodes most of the third 
domain’. Both fragments were labelled with °P by nick-trans- 
lation and used as probes to screen a human gene library 
consisting of random DNA fragments recombined in A Charon 
4A, constructed by Lawn et al.. About 10° plaques were 
screened and several positive phages were purified. In situ 
hybridization was initially carried out with probe H2-1 at 63°C 
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films and Du Pont ‘Cronex lightning plus’ screens. A HLA-12 
DNA was prepared from a 600-ml culture of the Escherichia coli 
1106 strain infected at a multiplicity of three. The phage was 
purified on caesium chloride step and continuous gradients and 
DNA was extracted using phenol, ether and ethanol precipitated. 
For mapping purposes aliquots (0.5 ug) of the DNA were digested 
with restriction enzyme(s) and analysed in parallel on 0.5% 
agarose gel slabs. Southern hybridizations'' were done as 
described in Fig. 1 legend. Top, complete map including the 
Charon 4A A phage’® (with the right arm to the left to show the 
insert in the correct orientation with respect to gene sequences). 
Bottom, enlargement of the region in which DNA sequencing was 
performed, the direction of transcription is shown by the arrow. 
The dashed line indicates the EcoRI-Sstl fragment hybridizing 
with H2-1, the dotted line those hybridizing with H2-2, The area 
whose sequence is given in Fig. 3 is indicated by the box; the 
corresponding region in the HLA-B7 protein sequence is shown 


below with the numbers of the terminal amino acids. The approx- 


imate position for the third Sst] site in the insert is indicated. 
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Fig. 3 Sequence of 96 


nucleotides located im- 199 

mediately tothe leftofthe HLA B7 A 1 L R Ç 
second SstI site (see A T L R £ 

Fig. 2). Bottom line,  GCCACE CEG ACE T CCE 


Sequence of the DNA 

Strand corresponding to 

the mRNA (determined 

independently on both 

strands using kinase 

labelling for the 5' end HLAB7 L T W Q R 
and terminal transferase- L T W Q R 
cordycepin labelling’ for 
the 7 end); middle line, 
deduced protein se- 
quence; top line, HLA- 

B7 sequence*’, 


the third domain region) because the two protein sequences 
coincide exactly, 

Matching the H2-2 probe sequence’ to the HLA sequence in 
Fig. 3 reveals 89% homology over the 96 nucleotides shown. 
This degree of homology, if valid over longer distances, is 
compatible with the cross-hybridization observed between H-2 
and HLA sequences in the rather stringent conditions used. 

H-2 cDNA probes have thus allowed us to identify at least 
one genomic clone containing authentic HLA sequences. The 
Sequence determined shows complete identity with the pub- 
lished HLA-B7 data*'®. However, as HLA-B7 and HLA-A2 
are identical in this area we do not know the locus from which 
the cloned segment originates; further sequencing may clarify 
this point. The human library from which these clones were 
obtained was constructed using DNA from a human fetus of 
unknown HLA phenotype’; it will be useful to screen libraries 
constructed with DNA from individuals of known haplotype 
with the HLA probes obtained in this study. 

Whether or not A HLA-12 carries a complete HLA gene is 
also an open question; the restriction map (Fig. 2) shows that the 
cloned segment includes nearly 8 kilobases of DNA upstream 
from the third domain coding region, that is, potentially a 
complete HLA gene. 

The hybridization pattern observed in the Southern blot (Fig. 
1) and the map location of the corresponding fragments (Fig. 2) 
strongly suggest that the A HLA-12 insert actually contains two 
sets of HLA-coding sequences. This would indicate tandemly 
arranged HLA genes or gene segments and would have 
important implications for the organization of the histocom- 
patibility gene cluster. 

Further analysis of A HLA-12 and other clones isolated from 
the same gene library should elucidate the structure of HLA 
genes. It will also provide the tools and probes to investigate the 
structure of genes of defined haplotypes and the genetic origin of 
the polymorphism observed for HLA products. 
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The integration of phage A into the Escherichia coli 
chromosome is accomplished by a site-specific recombination 
between two unique DNA sequences‘ (artB on the bacterial 
genome and attP on the phage; reviewed in refs 2, 3) and 
requires proteins encoded by both the bacterium** and the 
phage*”. Genetic and biochemical studies have shown that 
bacterial strains mutant in the himA gene, located at 38 min on 
the E. coli map, are defective in the activity of the host-encoded 
component'”’*. They are, moreover, defective for the growth of 
bacteriophage Mu, for precise excision of transposable antibio- 
tic resistance determinants’* and for the synthesis of the A int 
gene product'*. We now show that the AimA gene product 
(phimA) is not solely a regulator of genes involved in integration 
but is one of two host polypeptides required for integrative 
recombination. 

To identify the himA gene product, we used specialized A 
transducing phage carrying the E. coli himA gene and deriva- 
tives of this phage carrying missense or nonsense mutations? 
We infected heavily UV-ray irradiated bacteria with AhimA 
transducing phage and labelled the proteins made with radio- 
active amino acids'*. The UV rays destroy the capacity of the 
bacteria to direct the synthesis of host proteins and thus only 
proteins encoded by the transducing phage are synthesized. The 
bacteria are lysogenic for a derivative of A that is not inducible 
by UV rays. This prevents transcription from the phage 
promoters. Therefore, proteins encoded by the bacterial DNA 
sequences carried by the phage are selectively synthesized. 

Figures 1 and 2 show the results of such experiments per- 
formed with AhimA*, AhimAam79 (an amber mutation in the 
himA gene) or AhimA42 (a missense mutation). Labelled 
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extracts were subjected to two-dimensional gel electrophoresis. 
Figure la, b shows autoradiograms of gels of bacteria infected 
with AhimA* and AhimAam79, respectively. The two 
autoradiograms are equivalent except for the absence, in the gel 
of the AhimAam79-infected cells, of an 11,000-molecular 
weight (MW) spot that is present in the gel of bacteria infected 
with AAimA*. Gels of extracts of uninfected cells were devoid of 
labelled spots (data not shown). As nonsense mutations are 
known to cause premature polypeptide chain termination, the 
absence of this spot tentatively identifies this 11,000-MW pro- 
tein (marked AimA in Fig. 1a) as the product of the himA gene 
(phimA). No protein that could correspond to the phimAam79 
amber fragment is seen. Note that the phimA spot seems to 
exhibit charge heterogeneity in the isoelectric focusing dimen- 
sion. The separation of two apparent species of phimA varies 
somewhat with the conditions of electrophoresis. 

Further evidence supporting the identification of the 11,000- 
MW protein as phimA comes from an additional experiment 
detailed in Fig. 2. In this experiment, the dose of UV rays was 
insufficient to eliminate completely all host protein labelling and 
a small amount of label was incorporated into ribosomal protein 
S10 which therefore serves as a convenient reference point (see 


Fig.1 Autoradiograms of two-dimensional gels of UV 
ray-irradiated lysogenic bacteria infected with AhimA* 
(a) cr AhimAam79 (b). Logarithmic phase cultures of 
strain K447 (159uvrA” carrying Ac'ind Nam7, 53) 
growing at 39 °C in M56 media”® plus 0.2% maltose ata 
concentration of 2x 10° ml~' were pelleted and resus- 
pended at a concentration of 2 x 10° ml" in M56 media. 
Cells (10 ml) were irradiated with 1.6 x 10* ergs mm’ of 
UV light from a GE germicidal lamp (~2 min at a 
distance of 10 cm), pelleted, resuspended to the same 
concentration in MS6 with 0.02M MgSO, and 
incubated in the dark for 15 min with shaking at 37 °C, 
To 0.5 mi of these cells, phage were added at a MOI of 
10, and adsorption was allowed on ice for 15 min. The 
infected cells were once again pelleted and the super- 
natant discarded. To initiate growth, 2.5 ml of pre- 
warmed M56, 0.2% maltose and 0.02 M MgSO, were 
added and the cultures shaken at 37 °C in the dark. After 
5 min, 10 pCi of C mixed amino acids (55 mCi 
mmc], NEN) were added and labelling was allowed to 
continue for 60 min. The cells were then washed with 
cold 0.01 M Tris pH 7.4 and 0.01 M MgCl, and pre- 
pared for isoelectric focusing (IF). Strain K37 and the 
AhimA transducing phage are described by Miller and 
Friedman”. Phage stocks were prepared by lytic growth 
in K37. Lysates were concentrated by polyethylene 
glycol precipitation?” and purified by isopycnic CsCl 
buoyant density centrifugation. The phage were 
dialysed against 0.01 M Tris pH 7.4 and 0.01 M MgSO,. 
Two-dimensional non-equilibrium gels were run 
according to the method of O'Farrell’*. AH recipies and 
reagents are described in ref. 16. The IF dimension was 
run for 1,400 V-h using LKB ampholines (pH 3.5-10). + 
The second dimension was a 20% polyacrylamide SDS 

stacking gel system with a 23-mm stacking ge] and a 

90-mm separating gel. Second dimensions were run for 

5h at 3.3 W per gel. The gels were stained in 0.005% 
Coomassie brilliant blue in 0.01% trichloroacetic acid, 
7.5% acetic acid and destained in 7.5% acetic acid. Most 
of the ampholines could be removed by first soaking the 
gel in stain made 50% with ethanol. The gels were hot 
vacuum dried on Biorad paper and arbitrary orientation 
marks were drawn with radioactive india ink to facilitate 
subsequent alignment of the gel with the autoradio- 
grams. The gels were then exposed to Kodak X-Omat 
film. Spot identifications are described in the text. The 
arrow in b indicates the expected location of phimA, 
Exposure time was 60 d. Samples were prepared for IF 
in the following manner. The labelled cultures were 
pelleted in 1.5-ml Eppendorf tubes; 100 wl of 0.01 M 
Tris pH 7.4 and 0.01 M MgCl, containing 100 pg mi” 
frestly prepared lysozyme (Worthington) were added 
and the pellet resuspended. The cells were freeze- 
thawed for five cycles in an ethanol-dry ice bath. 
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Aliquots of 5 pl of a 1 mg m1“ solution each of pancreatic DNase (Worthington) an 





below for the location of $10 in this gel system). As in the 
previous experiment, cells infected with AhimAam79 (Fig. 2a) 
lack the 11,000-MW phimA protein that is made after infection 
with AhimA* (Fig. 2b). Furthermore, the AhimA42 transducing 
phage directs the synthesis of a protein of identical molecular 
weight to phimA but with a more basic charge. This suggests that 
the himA42 mutation has substituted an amino acid in the 
phimA protein that results in a net basic charge shift. 

From the results of the experiments discussed above, we 
identify phimA as an 11,000-MW protein. The position of this 
protein in the isoelectric focusing indicates that phimA is a 
weakly basic protein**. We do not know whether the charge 
heterogeneity of phimA reflects the state of this protein within 
the cell. 

The AhimA transducing phage directs the synthesis of several 
proteins in addition to phimA, most of which have previously 
been identified by Springer etal." and Henneke et al.'*"°. These 
workers used the same transducing phage in similar experi- 
ments, but analysed the labelled proteins by one-dimensional 
polyacrylamide gel electrophoresis. We were thus able to iden- 
tify the spots in two-dimensional autoradiograms by comparing 
their apparent molecular weights and relative intensities. In Fig. 
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d RNase (Sigma) were added and incubated on ice for 10 min. Then, 50 mg of solid 


urea (Schwarz-Mann ultrapure) and 100 pl of lysis buffer’ were added to complete the sample preparation. The extracts were stored at — 80°C. The molecular 
weights of proteins were estimated by comparing the mobilities of the proteins in the second (SDS polyacrylamide) dimension with the mobilities of known proteins: 
two internal standards whose MWs are known from primary structure determinations were IF3 (20,668)? and whose location was determined in this work; and E. coli 
HU protein (9,535), identified with purified HU protein (from K. Abremski). An additional marker was ribosomal protein $10 taken as 10,500 (refs 31, 32). 
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Fig. 2 Details of gels and 
autoradiograms of the regions sur- 
rounding $10 and IF3. a-c, UV-ray 
irradiated bacteria infected with 
AhimAam79 (a), AhimA* (b) and 
AhimA42 (c). All three are 
autoradiograms. d Is the strained 
gel used to make the autoradiogram 
in b with the addition of purified 
IHF. e Is a composite overlay of b 
on d. Exposure time was 60d. 
Purified integration host factor 
(IHF) was concentrated by pre- 
cipitation with 20% trichloroacetic 
acid and resuspended in a 1:1 mix- 
ture of lysis buffer and 8 M urea. 


la, the spots are named for their respective genes. Thus, the spot 
marked infC is translation initiation factor IF3. As noted by 
Springer”, the infC spot is the most heavily labelled and consists 
of a cluster of spots due to the different species of IF3"', We were 
able to locate the spot for IF3 in two-dimensional gels of total E. 
coli proteins by overlaying this autoradiogram on the stained 
gel. IF3 maps at coordinates (42, 54) on the standard non- 
equilibrium two-dimensional gel map of E. coli proteins of 
Bloch et al”. The spots marked thrS (threonyl-tRNA 
synthetase), and pheS and pheT (the a- and B-subunits of 
phenylalanyl-tRNA synthetase) are also shown (the pheT spot 
does not resolve well in this system). Two additional spots 
have been identified as the products of the A cI857 (repressor) 
and rex genes. These proteins, which are the only A proteins 
synthesized in a repressed lysogen, were identified in separ- 
ate experiments using non-transducing A phage (H.I.M., in 
preparation). 

Springer er al.'’ have reported the presence of a fifth protein, 
pi2, that they could not associate with a known gene. We have 
also found this protein in one-dimensional gels of our extracts. It 
is not phimA as it does not disappear when AhimAam79 is used 
for infection. (We were unable to detect phimA in the one- 
dimensional system, presumably due to the high background 
found in the region where phimA should migrate.) Furthermore, 
the p12 band does not resolve into a distinct protein spot in 
two-dimensional gels, indicating that it may not constitute a 
unique protein species as suggested by Hennecke et al.'®, 

The £. coli component required for integrative recom- 
bination has been extensively purified (H. A. N. and C. Robert- 
son, in preparation). This protein (IHF) was assayed by its ability 
to complement purified Int protein”? for in vitro recombination, 
The most highly purified material contains two polypeptides, 
and available evidence indicates that both are required for 
recombination activity. In the experiment shown in Fig. 3, 5 uE 
of purified protein (fraction V) was mixed with a small amount of 
‘“C-labelled total E. coli proteins (as reference proteins). Figure 
3a shows the stained gel, b the autoradiogram and c a composite 
overlay of the autoradiogram and the stained gel. As shown in 
Fig. 3a, purified integration host factor (IHF) consists of two 
polypeptide species of molecular weights 11,000 (a, marked 
himA) and 9,500 (8, arrow). Both species exhibit apparent 
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charge heterogeneities in this gel system. The intensity of stain- 
ing indicates an approximately equal molar amount of a and 8. 
Note that the position of the 11,000-MW spot roughly cor- 
responds to the position of phimA in Fig. la. In addition, both 
phimA and a exhibit similar patterns of heterogeneity. 

Figure 3b shows the location of total E. coli protein labelled 
with '“C mixed amino acids. We have indicated the location of 
two reference proteins, IF3 (marked infC, see above) and 
ribosomal protein S10”. Note in Fig. 3b that although neither 
subunit is present in detectable quantities, $10 is positioned 
between the a- and B-subunits of IHF. Figure 2b, d, e shows the 
results of an experiment in which purified IHF was mixed with 
radiolabelled phimA (from a UV-ray irradiation experiment) 
and the mixture was subjected to gel electrophoresis. Only 
details of gels including the regions surrounding IF3 and $10 are 
shown. Figure 2d shows the stained gel, b the autoradiogram 
and e the composite overlay. The additional spots seen in Fig. 2d 
and e are unlabelled E. coli proteins derived from the extracts of 
the UV-ray irradiated bacteria. The radiolabelled phimA pro- 
tein co-migrates with the purified a-subunits of THF. 

Thus, the himA genes codes for one of the subunits of IHF 
active in integrative recombination by A DNA in vitro. This 
result fully explains the fact that strains mutant in the himA gene 
lack an active integration host factor and also eliminates the 
possibility that the himA gene influences A integration solely at 
the level of synthesis of components of the recombinational 
apparatus. The demonstration that phimA is directly involved in 
integrative recombination has gained considerable importance 
in light of the recent finding that the himA gene also regulates A 
integration at the level of synthesis of Int protein'*. A feature of 
the transposon Tn3-encoded tmpR gene product is its involve- 
ment both in recombination and in control of transcription of 
transposon genes****. Thus, dual function of site-specific 
recombination proteins may be a common characteristic. 

The E. coli gene coding for the B- subunit of IHF has not been 
determined, although several candidates are available’ (H.I.M.., 
in preparation). However, one or more of these gene products 
may be involved indirectly by regulating the synthesis or 
processing of either of the active subunits of IHF. 

The fact that phimA is directly involved in recombination 
raises the possibility that phimA might also directly participate 
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in several diverse processes known to be influenced by himA 
mutations, such as the growth of bacteriophage Mu and the 
precise excision of transposable antibiotic resistance elements. 
The availability of purified IHF should facilitate the biochemical 
investigation of these processes. 
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Present methods for measuring or buffering intracellular free 
calcium concentrations are almost entirely limited to robust and 
well anchored cells which can tolerate insertion of ion-selective 
microelectrodes or microinjection of calcium indicators or 
buffers into one cell at a time’. A very few types of small cells can 
be loaded with buffers or indicators during controlled lysis’~, 
but such procedures grossly perturb membrane integrity and 
soluble cytoplasmic constituents. Liposome fusion releases only 
trace quantities of the trapped solute into the cytoplasm” and 
incorporates foreign lipid into the target cell membranes. I now 
describe a simple technique which loads Ca**-selective chela- 
tors into the cytoplasm of intact cells in suspension and avoids 
the disadvantages of previous methods. The chelators are made 
temporarily membrane permeable by masking their four 
carboxylates with special esterifying groups which then hydro- 
lyse inside the cells, regenerating and trapping the original 
chelators. The method is demonstrated on red cells, mast cells 
and lymphocytes. 

The Ca?*-specific chelator used in initial trials (shown ın Fig 
1a) 1s a member of a homologous family’ * of buffers and optical 
indicators that have unusual specificity for Ca** over Mg**, H+, 
Na* and K* Its affinity constant for Ca?* ıs ~10’ mol”, other 
members of the family offer both higher and lower affinities The 
simplest esters (methyl or ethyl) of this chelator are not hydro- 
lysed in human erythrocytes Anhydrides, imidazolides, or 
activated aryl esters were rejected because the end products 
would probably include chelator molecules irreversibly bound 
to intracellular nucleophiles Trimethylsilyl esters were too 
rapidly hydrolysed extracellularly, while f-butyldimethylsilyl 
esters were potently haemolytic Success was finally achieved 
with the acetoxymethyl tetraester (Fig 15), analogous acyloxy- 
alkyl esters are used to enhance intestinal absorption of anti- 
biotics” *°, and the accepted mechanism of hydrolysis 1s enzy- 
matic cleavage of the acetyl ester linkage, followed by rapid 
spontaneous release of formaldehyde Acetylesterases are 
present in many cell types, as suggested by their ability to 
hydrolyse fluorescein diacetate’? ** 

The acetoxymethyl ester (Fig 15) was prepared by dissolving 
the chelator free acid, 5 equivalents of dry ethyl- 
disopropylamine (redistilled from reagent supplied by Aldrich 
Chemicals) and 6 equivalents of acetoxymethyl bromide’? ın 
ethanol-free chloroform After stirrmg for 24h at room 
temperature, the solution was evaporated under vacuum and the 
residue dissolved tn benzene, filtered to remove amine salts, and 
re-evaporated Extraction of this residue with ether, followed by 
evaporation, yielded a soft gum which was largely but not 
entirely pure as determined by PMR spectroscopy Solutions or 


N(CH2COX)9 N(CHyCOX)9 
OCH2CH20 
CH3 
a X= QO 


b X= OCH2OCOCHg 


Fig. 1 Structures of the calcium chelator (a) and its acetoxy- 

methyl tetraester (b) Hydrolysis of the ester should yield the 

chelator tetra-anion, four molecules each of acetate and formal- 
dehyde, and eight protons 
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Fig. 2 Ability of intracellular chelator to delay the onset of the 
Ca**-induced K* permeability caused by A23187 (added as 
indicated to a final concentration of 200nM) Abscissa, time, 
ordinate, fluorescence from 250 nM of the voitage-sensitive dye 
diS-C,-(5)*8 1 ina suspension (004% haematocrit) of either 
normal human red cells (broken line) or ceils loaded with chelator 
as described ın the text (solid line) Fluorescence (excitation 630+ 
10 nm, emission 665 + 10 nm) 1s expressed as a percentage of that 
seen in the absence of cells The medium contained 130 mM NaCl, 
10mM KCl, 01mM CaCl, and 10mM tris(hydroxymethyl)- 
aminomethane-morpholinopropanesulphonate, pH 74, 22°C 
Decreased dye fluorescence indicated membrane hyperpolariza- 
tion due to increased K* permeability, resulting from increased 
[Ca?*], Ester treatment was followed by sufficient washing to 
remove essentially all acetate and formaldehyde The low concen- 
tration of A23187 was adequate to induce K* permeability 
because of the absence of Mg** from the medium’? At an external 
[K*] of 10 mM, the effect of the dye on K~ permeability may be 
disregarded’? 


suspensions of the ester in physiological saline were prepared by 
injecting freshly made-up concentrated stock solutions ın 
dimethyl sulphoxide into well stirred aqueous solutions 

Human erythrocytes were used ın initial trials as they are 
readily available in large numbers, lack internal Ca**-seques- 
tering organelles and proteins, and have a well characterized 
Ca**-triggered K* permeability The low rate of endogenous H* 
production and the rapidity of transmembrane pH equilibration 
allow ester hydrolysis to be monitored by H* production in a 
pH-stat There was no ester hydrolysis detected at neutral pH in 
the absence of cells, but with cells at 10% haematocrit, pH 7 4, 
37 °C, the partially purified ester (0 2 mg per ml of suspension) 
released protons at a rate decaying roughly exponentially with a 
time constant of ~15 min After 2h, total acid production, 
corrected for endogenous H* production, was 1 56 mM, slightly 
more than expected from complete hydrolysis of perfectly pure 
ester Cell lysis after 2 h was 5 5%, partly due to the continued 
vigorous stirring necessary ina pH-stat Titration of an aliquot of 
the cell suspension with CaCl, and a Ca**-selective electrode” 
showed that the amount of chelator accessible to the extracel- 
lular space was only ~3% of that expected from total ester 
hydrolysis About this amount would be expected just from 
haemolysis during the loading procedure However, once the 
cells were lysed by freezing and thawing, titration revealed 
~14mmol chelator per litre of cells (~90% yield) with the 
correct Ca** affinity, within experimental uncertainty imposed 
by incomplete Ca”* selectivity of the electrode at pCa =7 The 
amount of intracellular chelator did not significantly change 
either after resuspension of the loaded cells in chelator-free 
saline for 1 day, or after digestion with 0 1 M KOH for 2 days, 
showing that the chelator was well trapped and that hydrolysis 
was complete Imperfect purity of the ester gum was probably a 
major reason why the yields of protons and chelator were not 
quite stoichiometric 
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Fig. 3 Dose-response curve showing the ability of intracellular 
chelator to counteract the stimulation of histamine secretion from 
rat peritoneal mast cells by Con A plus lysooleoylphosphat-dyl- 
serine The cells were obtained and purified as described else- 
where?! The lysolipid was a gift of Dr G A Smith The abscissa 
indicates the concentration of ester in which each batch of cells (10° 
per 25,1) was incubated for 30 min at 25 °C The cell suspensions 
were then diluted to 500 ul each, stimulated with Con A and 
lysolipid (final concentrations 100 pg ml and 1 pM respectively) 
for 15 min, and assayed for histamine release 1 The ordinate 
indicates histamine release (corrected for spontaneous release) as a 
percentage of the stimulated histamine release in the absence of 
ester This percentage 1s negative for ester concentrations 
2100 uM because cells thus treated released less histamine after 
stimulation than the ‘spontaneous release’ controls that were 
neither stimulated nor treated with ester Circles and squares 
represent two independent experiments ın which spontaneous 
histamine release was, respectively, 29 and 50% of total cell 
histamine, and stimulation without ester gave releases of 23 6 and 
110% Control experiments showed that the inhibition by ester 
was not due to formaldehyde or acetate, as preincubation with up 
to 400 uM formaldehyde (as would be produced by complete 
hydrolysis of 100 uM ester) or 4mM acetate showed either no 
effect on, or an actual enhancement of, stimulated histamine 
secretion 


Figure 2 shows an independent demonstration that these cells 
have trapped a cytoplasmic high-affinity Ca?” chelator In 
normal cells (broken line), addition of the Ca?* ionophore 
A23187 causes an influx of Ca?*, increasing the intracellular 
free calcium concentration ([Ca°*]) and switching on a K* 
permeability”’’ '° In medium containing 10 mM K* (ref 17), 
this permeability hyperpolarizes the cells and can be detected as 
the decrease ın fluorescence (ordinate) of a membrane poten- 
tial-sensitive dye? Introduction of an intracellular Ca?* 
chelator should mean that the Ca?* influx has to continue much 
longer before the threshold [Ca**], 1s reached. As expected, the 
ester-treated cells (solid line) show a marked delay before 
hyperpolarization develops, presumably reflecting the time 
required for the Ca’* influx to titrate the trapped buffer 

Another cell type that accumulates chelator 1s the rat peri- 
toneal mast cell, but the small number of cells and their internal 
complexity made use of the pH-stat and direct Ca’* titrations 
impractical Instead, chelator uptake was qualitatively assessed 
by the inhibition of [Ca**]-dependent histamine release’, 
Figure 3 shows that preincubation of mast cells with increasing 
concentrations of the ester progressively inhibited histamine 
release in response to concanavalin A (Con A) plus lyso- 
phosphatidylserine*’ ** Preincubation with ester was also able 
to stave off the normally immediate release of histamine induced 
by a moderate dose of A23187. However, higher concentrations 
of the ionophore or longer exposure times eventually overcame 
this inhibition and led to the release of most of the cellular 
histamine Thus the effect of preincubation with ester 1s consis- 
tent neither with a blockage of Con A-induced Ca?* permeabil- 
ity, nor with permanent fixation of the histamine granules or 
metabolic poisoning, but can be explained by a fixed quantity of 
high-affinity chelator preventing or delaying the rise of [Ca?*], to 
the threshold for secretion No toxic effects have yet been 


detected in red blood cells or mast cells from the formaldehyde 
which should be released by the hydrolysis of effective concen- 
trations (up to several hundred uM) of ester This is probably 
because the high permeability of formaldehyde and the low 
cytocrit prevent its concentration exceeding millimolar amounts 
anywhere Histological fixative concentrations are of the order 
of hundreds of millimolar, whereas for short-term exposures to 
several millimolar, mild and partially reversible pharmaco- 
logical effects are reported??? If formaldehyde toxicity 
presents difficulties, ıt should be possible to change the acyloxy- 
alkyl group to release alternative carbonyl compounds” *° 

These experiments show how chelators trapped by ester 
hydrolysis can damp out short-term [Ca**], transients and thus 
reveal qualitatively which cell functions are influenced by such 
transients. The method described here can be greatly extended 
by choosing a chelator which is also a sensitive optical indicator 
of [Ca?*]. For example, a fluorescent methoxyquinoline (struc- 
ture 3b of ref 7) 1s readily trapped inside mouse thymocytes and 
pig mixed lymphocytes by its acetoxymethyl ester? At low 
itdicator dose, the Ca?* sensitivity of its fluorescence’ shows 
that resting [(Ca**], in lymphocytes ıs 123+6 nM (tsem, n= 
27), a much sought-after’ but hitherto unmeasured value 
Higher intracellular concentrations of chelator, up to at least 
4 7 mM, are also easily attained by adjustment of cytocrit and 
initial ester concentration Effects of such buffering dosages on 
capping and mitogenic stimulation are being studied, the 
fluorescence sensitivity allows quantification of the effectiveness 
of the buffer in damping changes ın [Ca?*], 

Intracellularly hydrolysable esters offer the first method for 
trapping membrane-impermeable chelators and indicators 
inside large populations of small intact cells without disrupting 
their membranes A technically simple and reliable new 
approach to the measurement and control of [Ca?*], thus 
becomes possible All cell types tested so far have proved able to 
accumulate significant amounts of chelator As this technique 
has been shown to give the expected results ın cell types where 
the role of intracellular Ca?” is fairly well understood, ıt can now 
be applied with greater confidence to a wide variety of tissues 
where the function of Ca’* 1s less well established Analogous 
esters may also prove useful outside the field of Ca** function, 
for example to deliver and trap indicators of pH and free 
Me”’*, chelators of toxic heavy metals, or other membrane- 
impermeable carboxylic acids. 
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Memories of the secret city 


Los Alamos was the laboratory set up, 
during the Second World War, to design 
and produce atomic bombs from the fissile 
materials,’ uranium 235 and plutonium, 
provided by the gigantic installations of the 
“Manhattan District” of the US Army A 
remote location in the hills of New Mexico 
was chosen partly because of the high 
degree of secrecy required, and partly 
because the work might involve hazardous 
experiments Conceived originally as a 
settlement for 265 people — six scientists 
with their support staff and families — it 
had grown to many thousands by the end of 
the War, largely because the design of a 
plutonium bomb proved much more 
difficult than had been foreseen 

Much has been written about the 
achievement of the laboratory in solving 
the difficult technical problems so quickly, 
and about the hfe in this unusual 
community The present collection of 
lectures, given at Santa Barbara in 1975, is 
a most interesting addition to this 
literature, containing the recollections of 
scientists, of scientists’ wives and of an 
army officer 

Imagine a team of scientists, many of 
them at the top of their professions, 
working ın improvised buildings, living ın 
temporary housing, depending for their 
professional and domestic needs on the 
army, and subject to security restrictions 
they did not always see as necessary or 
consistent, ımagıne a collection of army 
personnel supporting the activities of 
scientists whose objectives they were not 
supposed to know, and whose methods and 
manners were quite foreign to the army’s 
style of operation There were bound to be 
conflicts, irritations and grievances. The 
recollections indeed include many 
examples of such friction The fact that all 
major problems were somehow resolved, 
and the minor nuisances accepted, 1s a 
tribute to the good sense of the people 
involved, their feeling of urgency and ın 
no small measure to the personality of the 
director, Robert Oppenheimer, 

There is already some folklore about the 
place The first lecture, by General Dudley, 
reports four versions of how Los Alamos 
came to be selected as the site of the 
laboratory — his own and three others — 
of which at least two are quite incompatible 
with his and with each other The 
recollections of the residents do not show 
any such disagreements on facts, but they 
differ much in emphasis Some seem to 
remember above all the uritations, the 
shortages, the beautiful school building 
which for a tıme had no qualified teachers, 
the strange facets of the voluntary mail 


Rudolf Peierls 


Reminiscences of Los Alamos, 1943-1945 
Edited by Lawrence Badash, Joseph O 
Hirschfelder and Herbert P Broida Pp 188 
(Reidel 1980 ) Hbk Dfi 50, pbk Dfl 20 


censorship Others stress the attractions of 
the landscape and climate, the contacts 
with the local Indian culture, and above all 
the proximity of a large number of 
unusually gifted and interesting people 
But all would probably agree with Laura 
Ferm)’s remark 
One interesting thing to me 1s that during 
the war I was m Los Alamos only a year 
and a half, and stil it seems such a big 
portion of my life It was so different, ıt 
was such intense living, that it seems 
impossible that ın my case it actually lasted 
hardly eighteen months 


Her account and those of Bernice Brode 
and Elsie MacMillan give a lively picture of 
the domestic scene Feynman’s ‘‘Los 
Alamos from Below” is as entertaining as 
one has come to expect from him He 
reveals the secret of his notorious skill in 
opening combination Iocks, and how he 
accidentally stumbled on a safety hazard in 
a complicated plant design There are 
hilarious accounts of his brushes with the 
censo: and other bureaucratic elements In 
stressing lus ‘‘low’’ status he has his tongue 
in his cheek He was recognized at once asa 
man of outstanding promise The opening 
statement that he did not even have a 
degree, has to be withdrawn a httle later 
when he admits that he did complete his 
PhD before going to Los Alamos 

Kistiakowsky’s reminiscences form the 
most substantial part of the book He 


describes, ın non-technical language, the 
work of his division in designing and 
making the ‘Implosion’? device He and 
his collaborators, whose contributions are 
individually acknowledged, had to fight on 
two fronts’ against professional engineers 
who insisted on using traditional methods 
for unprecedented problems, and against 
physicists who wanted to verify the 
functioning of the devices by clever, but 
ambitious and time-consuming, and not 
always reliable, tests Hus lecture ends with 
a disarmingly frank account of how he had 
a little too much drink ın celebrating VJ 
Day, and how he fired 21 high-explosive 
bursts ın place of a 21-gun salute, only ıt 
came out to be 22 

John Manley and Edwin MacMillan 
describe the early stages in the creation of 
the laboratory Joseph Hirschfelder con- 
tributes a brief outline of the work of the 
laboratory with thumbnail sketches of 
some of its most famous members Norris 
Bradbury, director from 1945 to 1970, 
deals with the transition to a peacetime 
institution There 1s a historical intro- 
duction by Lawrence Badash 

A few questions after each talk give the 
impression that the audience (or at least its 
more vocal members) followed the lectures 
less intelligently than the reader will, but 
they still elicited interesting answers 

All in all, this mixture of styles and 
approaches adds up to a lively picture of an 
unusual, and maybe unique, experience O 


sir Rudolf Peierls is Emeritus Wykeham 
Professor of Physics at the University of 
Oxford He spent 18 months working at Los 
Alamos during the Second World War 


One man’s view of desertification 


Peter D. Moore 


Land, Man, and Sand. By James Walls 


Pp.336 (Macmillan, New York/Collier 
Macmillan, London 1980 ) $19 95, £12 95 


“WHAT? Not another world conference?” 


Barbara Ward exclaimed in The Economist 
on hearing of the proposed United Nations 
Conference on Desertification in 1977 
“What? Not another book reporting the 
outcome of another world conference’’, 
we may be forgiven for retorting on being 
faced with Land, Man, and Sand, a 
summary of the Desertification Con- 
ference’s findings 

It 1s, however, a slightly different 
approach to the need for disseminating the 
results of such conferences ın that it 1s 


written by a single author, and he an 
experienced writer Instead of being 
presented with an uncoordinated, turgid 
set of papers, we have a unified, flowing 
account which draws liberally upon the 
original reports and documents It 1s an 
interesting experiment ın communication, 
the main disadvantage of which 1s that we 
are inevitably given one man’s viewpoint, 
however fair and objective that man may 
attempt to be 

If there is one thing more boring than 
collections of conference reports, it 1s 
accounts of how conferences come to be 
convened. No doubt much thoughtful, 
bureaucratic effort goes into this area of 
scientific communication but, generally 
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speaking, ıt lacks the glamour or even 
scientific content which warrant an 
introductory chapter. The only vital 
information within it 1s that the core of the 
conference was to be comprised of 15 case 
studies of desert-spread research from 
widely separated parts of the world It 1s 
these studies which have formed the basis 
for the remainder of this book 

There are two aspects of the character of 
James Walls which emerge from these 
chapters and which demand comment The 
first ıs that he handles language skilfully, 
though some of his descriptive passages 
would be more appropriate ın a novel than 
in a supposedly scientific text The second 
is that he 1s eager to comment upon rather 
than simply to paraphrase the reports 
which form the basis for the book His 
comments are generally critical, incisive, 
voluble and often completely lacking ın 
any factual basis He1s a master of emotive 
writing and selective editing 

There 1s a danger here of falling into the 
same trap, so I will confine my specific 
comments to the one case study in which I 
have had first-hand expenence, namely the 
Turan study of north-east Iran Walls’ 
report of this study contains a regular 
smattering of factual errors He constantly 
equates the modern town of Shahroud with 
the Parthian capital Hecatompylos, more 
important, his reproduced maps confuse 
areas of moving sands with the saline 
plains, thus making a nonsense of 
subsequent discussion of the geography 


James D. Watson 


THE 
DOUBLE 
HELIX 


A NEW CRITICAL EDITION 
Edited by Gunther S. Stent 


The discovery ın 1953 of the structure of DNA 
transformed the science of biochemistry 
Written by one of the participants in this 

exciting scientific advance, The Double Helix 

has sold over a million copies since its 
publication thirteen years ago 


Circle No 48 on Reader Enquiry Card 


In this new critical edition the original text 1s 
accompanied by the reviews by leading 
scientists which greeted its publication, 

retrospective views of two other chief 
characters ın the story — Francis Crick and 
Linus Pauling — and the original scientific 
papers in which the double helical structure of 
DNA was presented 
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and sociological effects of sand 
movements 

It ıs this kind of betrayal of his lack of 
knowledge of the places and the people ın 
this study which leads one to take with a 
pinch of gypsum his hostile comments 
about the sociological base of the study 
For example, the statement 1s made ın the 
case study that the traditional pastorahst 
of Turan 1s concerned more with the 
condition of his animals than with that of 
the vegetation This conclusion 1s regarded 
as vapid and patronizing by Walls How he 
can level such criticisms without the 
necessary experience 1s difficult to discern 
The sociologist/anthropologists involved 
in this study spent many months hving with 
the people of Turan and spoke fluent Fars 
I would prefer to trust their judgement on 
the issue than the preconceptions voiced by 
the commentator 

Sadly, the book exhibits many such 
examples of the author expressing his 
opinion ın ereas where it 1s unlikely that he 
has experience to equal the originators of 
the case study reports These reports 
incidentally, are available ın complete 
form, free from editorial comment (held by 
the United Nations Environmental Prog- 
ramme) and I would strongly recommend 
interested parties to seek these for infor- 
mation rather than this book g 


Peter D Moore is Senior Lecturer in the 
Department of Plani Sciences, King’s College, 
University of London 








Who’s playing games? 
Lindon J. Eaves 


The IQ Game A Methodological Inquiry 
into the Heredity-Environment Con- 
troversy By Howard F Taylor Pp 276 
(Harvester/Rutgers University Press 
1980 ) £18 95, $19 50 


The IQ Game arses from the author’s 
‘*Sincere concern with the accurate assess- 
ment of the causes of variation in IQ” Itis 
a detailed development of three principal 
criticisms of past research into the genetic 
basis of intelligence The author’s concern 
primarily with “‘heritabihty’? and “IQ” 
may have limited his opportunity to 
explore in detal many other relevant 
aspects of research and theory in the 
general area of human quantitative 
genetics 

Dr Taylor’s first two arguments have a 
familar flavour to those who have followed 
the discussions of the past 15 years: (1) data 
are inadequate, (n) parameters estimated 
from only one or two kinship correlations 
may be biased The third main theme 1s an 
assault on the case where it 1s strongest — 1n 
the work of the path analytic and bio- 
metrical genetical schools whose long 
campaign to raise the standard of debate in 
the area 1s at last bearing fruit Even here, 
where large numbers of kinship cor- 
relations are examined simultaneously with 
explicit models and statistical tests, the 
author suggests that the possibilty of a 
very substantial environmental component 
cannot be excluded In developing this 
position he relies heavily on a single model 
for the genetic and social transmission of 
intelligence suggested early in the 1970s by 
Morton and his associates, with its 
pecuharly idiosyncratic assumptions about 
the mating sytem and environmental trans- 
mission The book depends also on the 
cogent criticisms and corrections of 
Professor Goldberger It 1s convenient to 
have these reviewed in a more accessible 
form K 

Dr Taylor shows that the remarkable 
consistency of multiple kinship data with a 
simple model for genetic and social trans- 
mission might be improved still further by 
the inclusion of numerous additional 
‘environmental’? components to explain 
anomalies in the data Taken to the Imut, 
indeed, it 1s possible to dispense entirely 
with a genetic component by recourse to as 
many ad hoc environmental parameters as 
there are kinship correlations to be 
explained Those who play the ‘‘IQ game’’, 
according to Dr Taylor, make such 
arbitrary and implausible assumptions as 
will secure an estimate of heritability This 
leads to the clam that a ‘‘plausible’’ 
relaxation of assumptions would reduce 
the estimated contribution of genetic 
factors and justify complete agnosticism 
about the causes of individual differences 
In his analysis, however, relaxation of 
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assumptions 1s not accompanied by any 
reduction in residual degrees of freedom 
He ıs thus proceeding as 1f any set of 
environmental correlations is equally 
appealing 

It 1s here that the author’s basic miscon- 
ception of the ‘‘game’’ 1s revealed 
However much the assumptions of the 
Hawai model might be questioned on bio- 
logical or psychological grounds, they are 
nevertheless founded upon a strong yet 
simple theory of genetic and social 
transmission Such a theory comes close to 
predicting the observed distribution of 
individual differences ın IQ Science only 
degenerates into a ‘‘game’’ when 
additional components are imported post 
hoc with no clear basis in a theory of gene 
action or social interaction 

The provision of competing environ- 
mental theories which could match the 
classical genetic theory for simplicity and 
explanatory power 1s an exciting and 
challenging prospect The book devotes 
three pages to a number of positive sug- 
gestions, of which the need to develop 


ð 


environmental theories is but one It 1s 
suggested that IQ should be treated as an 
index of an underlying construct rather 
than the actual phenotype of interest, that 
models for multiple cognitive measures be 
developed, that models and designs should 
be explored to allow separation of the 
developmental recursion of genetic and 
environmental factors 

Had these suggestions been published at 
the start of the past decade they would have 
been heralded as a positive and imaginative 
contribution Now, however, Dr Taylor 1s 
not alone in his concern for truth A sub- 
stantial body of theoretical and empirical 
research in the wider area of human and 
behavioural genetics has been published ın 
journals and conference proceedings Over 
the past five years a significant start has 
been made on the study of precisely these 
issues and in response to those criticisms 
that the book develops in such detail 0 


Lindon J Eaves ıs Fellow and Tutor in Experi- 
mental Psychology at Lady Margaret Hall and 
Lecturer in Experimental Psychology at the 
University of Oxford 


How microorganisms get their nitrogen 


Ben Miflin 


Microorganisms and Nitrogen Sources 
Transport and Utilization of Amino Acids, 
Peptides, Proteins, and Related 
Substrates Edited by J W Payne Pp 870 
(Wiley 1980 ) £45, $126 60 


THE lengthy sub-title of this book 1s 
intended, according to the editor, to 
provide a more complete indication of the 
coverage of the volume However, even 
this does not really do justice to the number 
of topics covered For example, at least 
four of the chapters deal with some aspect 
of nitrogen metabolism ın higher plants, 
one of which 1s entirely devoted to the 
subject Further, although the book set out 
to cover transmembrane metabolism, it 
also deals ın some detail with the utilization 
of ammonta, amino acids and peptides In 
all there are nearly 900 pages, spread over 
26 contributions which are divided into 
four sections Amino Acids, Peptides, 
Proteins, Related Systems These have 
been written by a variety of international 
authors, many prominent in their field Six 
chapters cover the transport and utilization 
of amino acids and peptides in bacteria, 
yeast and fungi The genetics, regulation 
and energetics of the uptake of these 
nitrogen sources are dealt with separately 
in a further sıx chapters Reflecting our 
greater knowledge of bacterial 
biochemistry, relative to that of other 
organisms, there is discussion of the 
membrane proteins responsible for amino 
acid transport The section on proteins, 
although still dealing with transport, 1s 
more heavily biased towards utilization 
and re-utilization 


The final section of the book 1s to me 
what makes it really worthwhile, it 1s 
unusual in that the editor has included a 
number of contributions that should 
encourage the readers to broaden their 
horizons Thus, there is a chapter on the 
y-glutamyl cycle in animals and specu- 
lation as to how ıt might apply to micro- 
organisms, and two on the utilization of 
nitrogenous compounds by green auto- 
trophic plants The utilization of ammonia 
and amides 1s well covered ın three con- 
tributions and the reader is finally 
informed of some of the other functions of 
peptides, notably as antimicrobial agents 
and 1onophores 

The contributions have generally been 
written with the aim of making them a 
readable and developmental account of the 
field rather than a combination of the 
author’s latest results and his reference 
card library which, alas, all too often 
occurs ın multi-authored volumes The 
coverage of the literature 1s generally broad 
although not exhaustive (or exhausting) 
and, considering the size and number of 
authors, is reasonably up to date 

Whilst it 1s possible to argue with various 
points expressed and to pick out certain 
mistakes, this would be ungenerous to an 
editor and authors who have obviously 
striven hard to provide an informative and 
stimulating book, which I am sure will be a 
standard work in the field for many years 
tocome k 


Ben Miflin is Head of the Biochemistry 


Department at Rothamsted Experimental 
Station, Harpenden, Hertfordshire 
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Complexity of melting 
G. Gee 


Crystal Melting Macromolecular Physics, 
Vol 3 By Bernhard Wunderlich Pp 363 
(Academic 1980 ) $42 50, £23 80 


THIS volume, the third in the author’s 
treatise Macromolecular Physics, adds 
three chapters to the seven already 
published (in 1973 and 1976) The three 
volumes deal successively with the descrip- 
tion of macromolecular crystals, with their 
growth and now with their melting 
Although the author states that the first 
part of the project 1s now complete the next 
volume is evidently planned in some detail, 
for there are numerous references forward 
to ıt for thermodynamic discussions which 
are needed in this volume This spreading 
of intimately interconnected topics over 
four volumes and ten years 1s a necessary 
consequence of a single author under- 
taking such a huge task, but it 1s not very 
helpful to today’s reader to be told (p 104) 
“the derivation 1s obvious by comparison 
with the results listed in 11 2 3” (Vol 4) 

In any elementary thermodynamics 
course melting 1s presented as a simple 
example of equilibrium between two bulk 
phases a perfect crystal and its melt Why 
then a whole volume on melting? In the 
first place, polymer crystals are character- 
istically small and imperfect 100 per cent 
crystallinity is seldom attainable Even the 
“melt” may require further specification, 
for example molecular weight and perhaps 
cross-linking or (in copolymers) composi- 
tion Finally, equilibrium between the two 
is 1n most cases almost impossible to 
achieve These problems are recognized in 
the chapter divisions equilibrium melting, 
irreversible melting, copolymer and isomer 
melting In each chapter a discussion of 
general principles 1s followed by a detailed 
and critical survey of what 1s considered to 
be the most important and reliable 
experimental work 

This volume, like its predecessors, 1s 
addressed primarily to the specialist reader 
He can safely be assumed to have at least a 
general knowledge of the topics discussed 
in other volumes (including those yet to 
appear) For him ıt 1s a splendid book, a 
reliable guide to the literature, offering a 
considered judgement but quick to point 
out difficulties It1s altogether too detailed 
for areader wanting only a general account 
of this aspect of polymer physics Between 
the two extremes will be many, engaged 
perhaps ın the making or application of 
polymers, who will find ıt a useful source of 
reference and comment on the behaviour 
of a particular material C] 


G Gee ıs Emeritus Professor of Chemistry at 
the University of Manchester 





The second edition of Gregory Bateson’s 
Naven, the classıc study of the culture of 
the Iatmul people of New Guinea, has been 
reissued by Wildwood House, price £4 50 
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Aspects of the oceanography of shelf seas 


Henry Charnock 


The North-West European Shelf Seas The 
Sea Bed and the Sea in Motion. Vol II, 
Physical and Chemical Oceanography, and 
Physical Resources Edited by FT 
Banner, MB Collins and K.S Massie 
Pp 337 (Elsevier Scientific 1980 ) 
Dfl 185, $90.25 


In THIS addition to the Elsevier 
Oceanography Series, five specialists deal 
with the tides, the wave climatology and 
with the physical oceanography of the Irish 
Sea, the North Sea, and the Celtic Sea and 
English Channel One chapter deals with 
tidal power and a further seven are devoted 
to trace metals, to artificial radioisotopes, 
to sediment transport and to chemical and 
seabed resources (other than hydro- 
carbons). Volume I of this two-volume set 
dealt with the geology and sedimentology 
of the same area 

The physical oceanography contri- 
butions (Irish Sea by Bowden, Celtic Sea 
and English Channel by Pingree, and 
North Sea by Lee) are complementary, 
treating the same types of phenomena from 
different points of view. Coastal ocean- 
ography 1s clearly more complicated, if not 
more difficult, than that of the deep ocean 
conditions are much less homogeneous so 
that it 1s difficult to study idealized 
processes. But the economic and aesthetic 


Can the U.S. stop 
advancing when 
Russia is advancing 
nuclear power? 


FROM SCIENTIFIC SEARCH 
TO ATOMIC INDUSTRY 


By A M Petrosyants 


388 pages 6 x 9 Hardbound $17 96 


This is a historical reference book 
to make the USSR’s nuclear sci- 
ence and nuclear power develop- 
ment understood Some pro- 
Russia interpretation is evident, 
but it gives the objective reader 
on the USSR, understanding and 
a comparison to USA technology 


Please send me —...... copies of 
FROM SCIENTIFIC SEARCH 

TO ATOMIC INDUSTRY 

@ 17 90 each TOTAL COST $ 
Payment in full enclosed 


Make check payable to 
AMERICAN NUCLEAR SOCIETY 
555 N Kensington Ave DEPT § 
La Grange Park filinors 60525 





Circle No 14 on Reader Enquiry Card 


importance of some of the problems has led 
to an increase in the effort being put into 
trying to solve them the numerical model 
succinctly described by Pingree should 
prove an increasingly valuable too] Similar 
models are referred to by Huntley in his 
scholarly chapter on tides 

Of the other chapters, those on wave 
climatology (Draper), trace metals 
(Burton, Young) and artificial radio- 
isotopes (Mauchline) are essentially 
factual It 1s especially in these chapters 
that the delay between the preparation of 
the book and its publication 1s to be 
regretted, new measurements are being 
made, and old results updated, at a 
gratifyingly rapid rate 

Contributions on sediment transport 
and seabed resources (both by Banner) 
and the extraction of inorganic materials 
(Massie) illustrate the possibilities for 
exploitation of the ocean They should be 
read in the context of the other chapters 
and in particular with that on socio- 
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economic development and the manage- 
ment of coastal zones, by Harding, which 
gives a good account of how difficult it 1s to 
use the ocean wisely, even (especially?) ina 
confined region bounded by developed 
nations The north-west European shelf 
seas (and perhaps especially the North Sea) 
represent a microcosm of what 1s 
increasingly recognized as a global problem 
of the future 

Since this region is one of the relatively 
few with large tidal range, ıt was perhaps 
sensible to include a chapter on tidal power 
(by Wilson) This gives a clear account of 
the Rance Scheme, of the USSR experience 
and of the UK prospects, but could be 
better appreciated 1f there was a related 
account of wave energy, and perhaps of 
wind power 

There is, one supposes, rather little in 
this book which could not be found else- 
where, but it 1s convenient to have the 
material gathered together into one 
volume g 


Henry Charnock is Professor of Physical 
Oceanography at the University of 
Southampton 


Mycotoxin biosynthesis reviewed 


E. Arthur Bell 


The Biosynthesis of Mycotoxins A Study 
in Secondary Metabolism Edited by Pieter 
S Steyn Pp 432 (Academic 1980 ) $44, 
$24 80 


WIDESPREAD interest in the mycotoxins 
dates from the discovery of the aflatoxins 
in the early 1960s Since then much has 
been published on these compounds and, 
as Sir Derek Barton states ın his foreword 
to this volume, ‘‘the tıme ıs certainly npe 
for an authoritative book’’ The present 
‘“‘authoritative book” is a collection of chap- 
ters written by leading workers in the field 
In the first chapter Bu’Lock discusses 
mycotoxins as secondary metabolites 
derived variously from polyketides, 
peptides, terpenes and other precursors 
He emphasizes, moreover, that secondary 
metabolism, including mycotoxin 
biosynthesis, can be affected dramatically 
not only by the genetic modification of a 
fungus but also by the conditions under 
which the organism 1s grown or has been 
grown in the past In succeeding con- 
tributions specific groups of mycotoxins 
are dealt within detail The biosynthesis of 
lysergic acid and the ergolines ın Claviceps 
species is the subject of a contribution by 
Floss and Anderson The formation of 
tricothecenes from mevalonate via farnesy] 
pyrophosphate in the Fungi Imperfect ts 
discussed by Tamm and Breitenstein, while 
Steyn, Vleggaar and Wessels describe the 
various techniques which have been used to 
elucidate the pathways of aflatoxin 


synthesis from polyketide precursors 

The ergochromes, also of polyketide 
origin, are dealt with by Franck, while 
Yamazaki provides us with information 
concerning a heterogeneous collection of 
neurotropic mycotoxins, including 
aspergillic acid, which 1s formed from 
leucine and isoleucine, and slaphramine, a 
lysine derivative 

The biosynthesis of patulin and penicillic 
acid 1s considered by Zamur and that of the 
cytochalasans, a group of mixed 
biosynthetic origin, by Tamm Kirby and 
Robins write of gliotoxin and related com- 
pounds, Holzapfel of cyclopiazonic acid, 
and Sankawa of the anthraquinonoid 
mycotoxins The final chapter by Vleggaar 
and Steyn on “‘miscellaneous mycotoxins”’ 
provides even more evidence of the 
diversity of the biochemical pathways 
which lead to these fungal products 

It 1s a pity that the reader 1s given so little 
information about the physiological 
effects produced by these compounds and 
the nature of the organisms to which they 
are toxic Biosynthesis 1s, however, the 
proclaimed subject of the book and the 
editor and authors have provided us with a 
veritable mine of mnformation on the 
subject This book will prove invaluable to 
all chemists, biochemists and biologists 
interested either in secondary metabolism 
orin the toxins of the fung) m 





E Arthur Bell ıs Professor of Biology at King's 
College, University of London 
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Reagan must live with arms control 


Arms control has fallen off the agenda in Washington since the 
accession of Mr Ronald Reagan on 20 January, and nobody 1s 
surprised Mr Reagan himself has a consistent record of 
indifference on the subject, now strengthened by the 
Admunistration’s anxtety to be seen to be tough with the Soviet 
Union The new Secretaries of State and of Defense, Mr 
Alexander Haig and Mr Caspar Weinberger, are unlikely to be 
urging that the Administration should push for further measures 
of arms control In this climate, ıt is therefore a sign of grace — 
and of European and especially German influence in Washington 
—- that the bilateral talks with the Soviet Union on the problems of 
limiting ‘‘theatre nuclear weapons” are continuing Yet arms 
control cannot remain indefinitely in luambo Sooner rather than 
later, perhaps in the last quarter of the year, the Administration 
will be forced to talk to the Soviet Union about something, 
European interests that there should be substantial progress in 
this direction are too strong indefinitely to be ignored Then the 
non-nuclear signatories of the Non-Proliferation Treaty who 
went away grumbling from the review conference last September 
(and whose silence since 1s mystifying) will become thorns ın the 
flesh of the superpowers again if nothing 1s done ““to undertake 
effective measures in the direction of nuclear disarmament’? as 
promised by the treaty Whatever its inclinations, the 
Administration will find it has no choice but to talk Where 
should ıt begin? 

It should start with domestic housekeeping As things are, the 
United States 1s better prepared for building nuclear weapons 
than for agreeing to dismantle them To be sure, there is a 
dedicated government agency called the Arms Control and 
Disarmament Agency, which m its time has done sterling service 
and which has also been a means by which distinguished outsiders 
could make a mark on United States policy The troubles that the 
agency is only one of several sources of analysis and opinion on 
arms control proposals licensed to speak their minds ın 
Washington The State Department has often behaved as if the 
agency sheltering under its wing was a refuge for hopelessly 
idealistic liberals But even the State Department cannot expect to 
have the last word The Department of Defense and the Chiefs of 
Staff are separately entitled to speak up, while the White House 
itself ın normal times is well equipped to disagree with everything 
that everybody else has said The result 1s that proposals for arms 
control treaties usually find ther way to the US Senate 
encumbered by a bewildering variety of conflicting opinions from 
within the Administration Since 20 January, however, the 
Admunistration has been even less well prepared for action on 
arms control The arms control agency has been without a 
director, and it is not yet clear whether the proposed nomination 
of Mr Eugene Rostow, a super-hawk, 1s intended to enable the 
agency to stand up to Mr Haig or, alternatively, to emasculate ıt 
(Mr Rostow once told the Senate Foreign Relations Committee 
that the only agreement between the United States and the 
“Russians” of which he thoroughly approved was that for the 
purchase of Alaska ) 

Even at this late stage, the Administration would be well 
advised to rebuild this cumbersome apparatus The arms control 
agency owes Its existence to the conviction, 1n the early 1960s, that 
if arms control were left to the Pentagon and the State 
Department, nothing would ever be accomplished It1s, however, 
folly to suppose that the agency could carry through the Senate 
agreements On arms control to which the Pentagon and the State 
Department were opposed Then, with the passage of time, ıt has 


0028-0836781/160533-02$01 00 


become more and more widely recognized, even by the hawks, 
that arms control is an integral part of foreign policy and of 
national security So much ıs clear from the working of the 
healthy clutch of international treaties accumulated since the ban 
on testing nuclear weapons ın the atmosphere signed ın 1963 Salt 
I, which hmits the deployment of anti-ballistic missile systems, 1s 
more than a mere token of self-restraint by the superpowers 
Because of the meetings of the standing consultative commission 
set up to supervise the working of the treaty, ıt has become a 
valuable means of exchanging data and opinions on technical 
issues This, for example, 1s how the function of the Soviet 
“Backfire” intermediate bomber has been understood in 
Western Europe and the United States So, as things have turned 
out, the process of arms control would be strengthened 1f the arms 
control agency were now firmly integrated with the State 
Department, not left on a limb where it can be disowned whenever 
the State Department and the Pentagon think ıt has gone too far 
The overriding need 1s that the Administration should have a 
mechanism for arriving at one view, not half a dozen, of what ıt 
seeks from negotiations 

The Administration must also decide what it is prepared to talk 
about The conventional wisdom 1s that Salt II, the agreement 
limiting the numbers of Soviet and American strategic weapons 
that was signed nearly two years ago but never ratified, 1s now 
dead The Soviet occupation of Afghanistan was the occasion (in 
an election year) for President Carter tactfully not to press the 
treaty on an unwilling Senate But nobody 1s sure of the status ofa 
treaty which 1s signed but not ratified In other fields — the 
Threshold Test-Ban Treaty, for example, which was signed ın 
1974 but never ratified — both superpowers behave as 1f the treaty 
had the force of international law, and complain if they think that 
one or Other of them has violated the agreement The chances are 
that both the United States and Soviet governments will find it 
prudent to behave as if Salt II were a reality And long before 
1985, when the unratified treaty would normally expire, those 
now saying that Salt I 1s dead will be crying ‘‘Long live Salt I”? 
They will be referring to an amalgam of Salt II and whatever 
agreement emerges from the talks now under way on the 
technically daunting problem of limiting nuclear delivery systems 
of less than strategic range — cruise missiles, Pershing I] and, for 
that matter, the ‘‘Backfire’? bomber Salt II 1s in many ways an 
unsatisfactory treaty (that could be improved by further 
negotiation) but the risks of letting ıt lapse will, long before 1985, 
seem too great for any administration to contemplate lightly 

The other dead duck from last year’s agenda is the negotiation 
of the Comprehensive Test-Ban Treaty A year ago, the United 
States Administration was saying that two months hard talking, 
and a sufficient measure of political will, would see the treaty 
signed and sealed Since the arrival of Mr Reagan and his 
colleagues, that cheerful talk has quite evaporated Instead, the 
military and the weapons laboratories have become eloquent 
about the risks of dispensing with weapons tests The problem 
they identify 1s real enough, and comes ın three parts First, there 
are problems of reliability Nuclear warheads deteriorate in 
performance with the passage of time, some of them because 
components such as tritium have relatively short half-lives, some 
of them because more conventional chemical components go off 
The result ıs that some types of warheads must be refabricated at 
regular intervals and, in an ideal military world, tested But there 
1s NO reason why the rebuilt bombs should not follow the original 
designs exactly Second, there are problems of development If 


©1981 Macmillan Journals Ltd 


534 


Nature Vol 290 16 April 1981 





somebody designs a new delivery system, should not be weapons 
laboratories be asked to tailor the ideal warhead to it? The 
weapons laboratories answer enthusiastically and affirmatively 
The truth, however, 1s that both the superpowers must now have 
such a range of efficient warheads that the search for perfection 
cannot substantially affect national security Third, more 
important but less tangible, the military (on each side) would be 
psychologically uneasy (and the weapons laboratories would lose 
some of their best people) if testing were prevented by means of a 
comprehensive test-ban treaty The strength of this objection was 
consistently underestimated in President Carter’s unrealistic 
times The result 1s that too little has been done, in the United 
States and elsewhere, to prepare the military for hving without 
tests It would be too much to hope that Mr Weinberger will take 
on this task so early ın his career at the Pentagon The best hope 
now is that the pressure of events will persuade him or his 
colleagues of the importance of the exercise 

For the immediate future, then, the prospect for substantial 
progress ın arms contro] 1s far from bnght The new 
Administration will find itself dragged reluctantly towards Salt 
II The Comprehensive Test-Ban Treaty will hang fire until 
opinion changes towards the second half of Mr Reagan’s term 
Wrongly, the Reagan Administration will be pilloried when ıt sets 


about the dismantling of President Carter’s clumsy ant- 
proliferation apparatus and may even be persuaded as a result 
that ıt had better stay clear of anything to do with arms control 
That would be a great misfortune, especially because the agenda 
the Administration has inherited includes two treaties whose 
ratification by the United States Senate would bring benefits that 
are totally unalloyed The Threshold Test-Ban Treaty (limiting 
tests to the equivalent of 150,000 tonnes of TNT of explosive 
power) includes provision for the definition of allowed testing 
sites, and for the pre-arranged calibration of the seismic 
characteristics of the underlying rocks, that would immediately 
improve the efficiency of the seismic detection networks on both 
sides The treaty to regulate the use of peaceful nuclear explosions 
(with which even the Soviet Union now seems disenchanted) 
provides for similarly open exchanges of technical data about the 
characteristics of nuclear explosions Would it not make sense, 
even for an administration anxious to demonstrate its firmness 
with the Soviet Union, to ratify (with the assistance of the Senate) 
these treaties? For as things are, the United States government 
(like that of the Soviet Union) dares not break the rules agreed, 
but cannot enjoy the benefits that would accrue from ratifying the 
treaties Even Mr Reagan and his colleagues must know that that 
is absurd 


Can British education be reformed? 


The British educational system, long and widely known for its 
waywardness (the encouragement of school students to abandon 
those studies of which they are most in need) and excesses (the 
preoccupation with examinations), may be about to change The 
government has now published a document, The School 
Curriculum, that sets out a recipe for a uniform and rational 
curriculum for British schools and which also promises (some 
teachers say ‘‘threatens’’) a continuing interest ın progress 
towards its modest goals Others than the British may not fully 
appreciate the momentous and historic significance of what the 
British government has done Although the education of the 
young 1s financed largely from taxation, the central government 
has no constitutional right to intervene in what is taught in British 
schools The oniy legislative constraint on the school curriculum, 
embodied ın the Education Act of 1944, 1s that publicly supported 
schools must provide religious instruction of some kind For the 
rest, local educational authorities are constitutionally the final 
arbiters of the curriculum, but ıt has never been finally decided 
whether even they can tell head teachers how the school 
curriculum should be designed Indeed, head teachers themselves 
are frequently at loggerheads with teachers and teachers’ unions 
because their power to decide what should be taught in their 
schools ıs circumscribed by teachers’ insistence on ‘‘academic 
freedom’ Throughout the 1960s, when schools were sufficiently 
well supplied with funds to be able to experiment with the 
curriculum, successive central governments justified their 
cowardly detachment from what has happened by saying that 
they had no authority to intervene It is therefore all the more 
creditable that central government should have chosen to 
intervene at this point, when there are no substantial funds with 
which to grease the palms of recalcitrant education authonities 

It remains to be seen how effective the new interventionist 
regime will be The School Curriculum has only one important 
argument — that there should be a core curriculum in all publicly 
supported schools, consisting of language (usually Enghsh 
language), mathematics and science, and that no student in a 
secondary school should be allowed (let alone encouraged) to give 
up such a study before the age of 16 In addition, the document 
says, students in secondary schools ‘‘should undertake some 
study of the humanities designed to yield lasting benefit’? The 
document recites predictable platitudes about the importance of 
moral education, preparation for adulthood and the like, and 1s 
intelligent but also defeatist about foreign language learning. 
Must not such a moderate and modest programme of reform 
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surely succeed? 

Unfortunately, the outcome 1s by no means assured Schools 
and the teachers’ umons have been quick to say that the 
government cannot will the ends without providing the means — 
and that there 1s not merely a shortage of money but of people. 
For decades, the British educational system has been crippled by 
the lack of confident teachers of the essential parts of the 
curriculum as now defined — science, mathematics and modern 
languages Even in first language teaching, trendily dubbed 
“communication skills” by too many schools, the efforts of able 
teachers are too often offset by those of teachers who believe that 
any string of words 1s a measure of a student’s creativity, and 
therefore to be valued The British government must know that 
even its modest proposals will not have the influence expected of 
them unless ıt can arrange for a general improvement ın the 
quality of teaching But recrusting more specialists, people with 
good degrees in mathematics, physics or even French, is no 
solution A degree in mathematics ıs no assurance that a person 
will be able to explain the working of a slide-rule to a class of 
12-year-olds Nor will similar qualifications in other fields help 
primary school teachers to persuade even younger children that 
they are genuinely teachers. 

Having embarked on the courageous course of pretending to 
have an opiion on the school curriculum, the British government 
has ın the process saddled itself with an administrative problem 
How will ıt enable the schools, at least some of which are eager to 
follow the instructions now implicitly handed down, to do whats 
asked of them? The most immediate need 1s not (as the teachers’ 
unions and many schools have been saying) to increase the supply 
of specialist teachers but to rid the schools system of the tyranny 
of the public examinations that now dominate the curriculum 
Fortunately, having agreed that there should be a reorganization 
of the public examinations provided for 16-year-olds, the 
governments well placed todo just this Theideal would be that it 
should let schools (or their education authorities) provide school- 
leavers with suitable certificates and that the public examinations 
for 18-year-olds, the most distorting of present influences on the 
school curriculum because of their use as means of selecting 
students for higher education, should be abolished Then, 
paradoxically, the government would find that, having made its 
point about the pattern of education, it could confidently allow 
schools to get on with the only task for which they are equipped — 
teaching young people Left to themselves, but with clear 
objectives, they would find the teachers that they need 
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European biotechnology lies in disarray 


Commission’s 
plan lacks 
friends 


Trouble looms again for the ıll-fated 
European research programme in 
biomolecular engineering, conceived in 
1976 and, after much consultation, 
proposed to Community states in final 
form by the European Commission last 
summer The Council of Ministers, which 
has the final authority over such proposals, 
placed the £16 million (26 milion 
European Units of account (EUA)) five- 
year programme with its research 
committee for comment And the com- 
mittee now says that it cannot agree on the 
content, scale or cost of the programme 

The proposal was innovative ın its time 
— ıt was praised by Jacques Monod and 
has been broadly backed by European 
industry, but 1t now looks unlikely to get 
approval in any form before November, 
the next date for a Council of Community 
Research Ministers If the research 
committee had agreed, there was a chance 
that the programme would have gone 
through as a ‘‘point A” — a proposal that 
can be approved by any council without debate 

The programme deals with potential 
scientific bottlenecks ın enzyme and 
recombinant DNA technology — such as 
provision of cofactors ın enzyme-induced 
synthesis, or problems of expression 
efficiency in genetically engineered 
bacteria — through ‘‘indirect actions’’, 
where the Commussion selects and organ- 
izes groups around Europe to investigate 
specific questions and pays half the costs 
(see Nature 283, 125, 1980) 

Origimally the programme contained six 
projects, but discussions last year within 
CREST, a committee of government repre- 
sentatives in which the Commission takes 
soundings of national views, reduced the 
number to four, eliminating areas with 
likely immediate medical or industrial 
application, and trimmed the budget to 15 
millon EUA French representatives 
requested that half this sum be spent on 
education and training 

Eventually a ‘‘CREST compromise’’ 
was worked out, with 4 projects and 15 
million EUA of which 20 per cent would be 
for education But, at the level of the 
research committee of council, this 
compromise has proved unacceptable — as 
has a further compromise proposed by the 
secretary of the committee which would 
reduce the spending still further to 11 8 
milion EUA The French members want 
their 50 per cent education and German 
members want the number of research 
projects cut to two, restricting the 
programme to agricultural applications 
(basically gene transfer ın plants) and 
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safety questions Britain appears to back 
the CREST compromise, or something 
close to it, all other states would have 
preferred the original proposal but are 
prepared to accept that of CREST 

In fact the proposal has fallen foul of the 
two major obstacles to Brussels-initiated 
research First, the concept of a 
‘‘European’’ industry benefiting the 
Community as a whole has not yet taken 
root, and if a piece of research has a poten- 
tially large economic benefit — such as 
research into cloning vectors, one of the 
original six proposals — nations are 
unwilling to share their expertise The 
French view of the biomolecular engineer- 
ing programme exemplifies this attitude 
the government wishes the programme to 
be reduced to a training programme in 


recombinant DNA techniques (it has had 
trouble recruiting for its genetic 
engineering company, Transgene) and 
effectively rejects the idea of joint 
research 

The second objection to Brussels-based 
work 1s that if nations already have a 
research programme ın a particular area, 
they are unlikely to set aside funds in that 
area for work undertaken outside their 
control This ıs broadly the positron of 
German biotechnologists they havea large 
national programme, but research money 
is tight, and contributing to a Commission- 
based programme would only distort their 
priorities 

More Community-minded biotech- 
nologists in both France and Germany, 
however, point out that long-term progress 


German physics in row about Einstein 


The German Physical Society 
(Deutsche Physikalische Gesellschaft) 
has been shaken by a fierce row over an 
attack on Einstein published last 
November ın Physikalische Blatter, the 
society’s membership journal Now the 
editorial board of the society, and the 
president of the society, Professor Horst 
Rollmk of the University of Bonn, have 
dissociated themselves from the original 
article, by Professor Albrecht Unsöld of 
the University of Kiel In a statement ın 
the March issue of Physikalische Blatter, 
they say that Unsdld’s article contains 
statements that are open to misinterpre- 
tation, or even false, and promise that the 
journal will carry an article by an 
historian of science dealing with 
E:nstein’s links with Germany There 1s, 
however, no suggestion that the journal 
will publish the critical letters it has 
received in the past few months 

Unsdld, a theoretician now 75, appears 
to have begun his attack on Einstein at a 
symposium held at the University of last 
May, when he said that Einstein (and 
Haber) was guilty of crimes ‘‘no less 
serious than those of Hitler’’ 

Unsöld says that E:nsten’s earhest 
papers were deficient ın references to the 
work of other physicists because of his 
‘‘narcissism’’ Unsdid says that E:mstemn 
had run out of new ideas by the age of 45, 
for which reason he turned his attention 
to public affairs and ın particular to 
“Jewish nationalism’’, put on a par with 
the attachment of other physicists 
(Lenard, Stark and Wien, for example) to 
German nationalism The article says 
that Einsten’s move to Berlin ın 1914 was 
motivated by his ‘‘enormous salary 
demands’’, and that he was frustrated at 
not being awarded a Nobel Prize sooner 
because he needed the prize ‘^in order to 
divorce his first wife” 

The article also says that Exnstein 


travelled outside Germany with increas- 
ing frequency after 1920 ‘‘to fill the 
emptiness created by the drying up of his 
more profound ideas’’ and to “‘make 
propaganda” for the theory of relativity 
and for the creation of the state of Israel 
Unsold says that Eimstein should have 
foreseen that his letter to President 
Roosevelt ın 1939, confirming the 
opinion that nuclear weapons could be 
built, would lead to the destruction of 
Hiroshima and Nagasaki He goes on to 
urge sympathy for those physicists who 
stayed behind in Germany after the 
arrival of Hitler, and who were able to 
resist the penetration of unuversity 
faculties by ‘‘party personalities’’ while 
safeguarding the traditions of research 
and the university libraries 

There has been a torrent of protests 
against the publication of Unsdld’s 
article, especially from German 
physicists working abroad Unsdld has 
been charged with antisemitism and with 
mischievous inaccuracy In reply to one 
of these complaints, Professor Rollnik 
explained that he had not seen the article 
before publication, that 1ts appearance 
could be accounted for only by a ‘‘gross 
failure’? of coordination between the 
editorial board of the journal (appointed 
only in 1980) and the editorial staff and 
that new rules have been devised to 
prevent the repetition of ‘‘such a nasty 
event” 

The disclaimer now published ım the 
March issue of Physikalische Blatter says 
that the journal must be free to publish 
controversial opinions even when most 
members of the society disagree, but that 
Unsdld’s article ıs inaccurate and that its 
author has only harmed himself ın his 
attempt to defend physicists who worked 
in Germany during the Third Reich It 
remains to be seen whether it will suffice 
to bring the row to an end 
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on apphed biology — to which the Brussels 


programme 1s directed — depends on the 
scale and quality of communications 
among scientists, and that the principal 
contribution of the biomolecular 
engineering programme would have been 
to set up a network of working contacts 
throughout Europe A single European 
state does not have sufficient biotech- 
nologists to make sigmficant advances in 
competition with the United States or 
Japan, they argue 

This point appears to have been lost on 
the research committee of the Council of 
Ministers, which has now passed the 
problem to the diplomatic level ın Brussels 
— the committee of permanent represent- 
atives, Coreper But with the present low 
level of diplomatic concord ın the Commu- 
nity, there seems little hope of a resolution 
è Britain’s recent white paper on 
biotechnology was roundly condemned by 
British researchers at the second European 
conference on biotechnology at 
Eastbourne last week Dr Duncan Davies, 
whose chief scientist’s office at the Depart- 
ment of Industry produced the white 
paper, made a flying visit to the meeting to 
defend his position He was subjected toa 
barrage of speeches from the floor, but 
managed to squeeze in that he would 
review the white paper’s provisions on the 
education and traiming of biologists 
Informed opinion, however, expects little 
tocomeofsuchareview Robert Walgate 





Taking note, or shelving? 
The British House of Commons last 
week ‘‘took note’? of the European 
proposed programme on biomolecular 
engineering, a mechanism which allowed 
the Under Secretary of State for Industry, 
Mr Michael Marshall, to state the 
government position on the latest version 
of the programme 

The original proposal (for 26 milhon 
European Units of Account (EUA) over 
five years) was ‘‘over-ambitious in both 
scope and expenditure’’, said Mr 
Marshall, but the shift of emphasis away 
from research and towards training ın the 
revised proposals (an 11 8 million EUA 
four-year compromise proposed in 
Brussels) ‘s of an extent not hitherto 
contemplated’’ 

Without naming France, Mr Marshall 
indicated that the government did not 
share the French view that there 1s a 
significant lack of training opportunities 
Nevertheless Britain would continue to 
work towards an acceptable compromise, 
he said 

Tam Dalyell MP, described by one 
member of the House as ‘‘almost a 
walking Select Committee on Science and 
Technology’’, warned the minister to be 
wary of the French position, saying that 
the new proposals ‘‘by pooling training, 
hand over British expertise to the French 
for little or no return’ The House took 
note Robert Walgate 
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European Space Agency 
Space on the cheap 


Paris 

The member states of the European 
Space Agency are still at odds about the 
future Although they have agreed to the 
proposal of Mr Enk Quistgaard, the 
agency’s director-general, that the budget 
should be reduced to 60 per cent of its 
present level over the next ten years, they 
are hopelessly divided on how to spend the 
money The problem is that the reduced 
budget will not support the three 
programmes that have been put forward — 
in telecommunications, space trans- 
portation systems and science So the 
agency 1s wrestling with priorities 

Quistgaard’s suggestion that the man- 
datory science budget, to which all member 
states must contribute, should be increased 
by 60 per cent over the next ten years has so 
far fallen on stony ground Britain, 
Sweden, Spain and Belgium have flatly 
turned down the proposal, only Germany 
has agreed to contribute in full 

Lacking unanimous agreement, the 
agency may therefore have to take the 
unprecedented step of admitting optional 
contributions to scientific programmes 
That, according to Ernst Trendelenberg, 
director of scientific programmes, could 
divide European space scientists into 
privileged and under-privileged depending 
on their nationality 

Germany and France are the most likely 
to favour this approach, but for different 
reasons Germany would like to divert 
some of the money spent on Spacelab to 
science, and France 1s keen that there 
should be a steady stream of satellites for 
launching with Ariane, whose develop- 
ment 1t has supported heavily Britain, on 
the other hand, says the agency 1s too inef- 
ficient to justify more spending on science 

The most heated debate ın the agency, 
however, is about the choice of space 
applications for the next ten years The two 
chief candidates — space transportation 
systems and telecommunications — have 
been proposed by France and Britain 
France argues that Europe must have a 
launcher to rival the space shuttle, 
especially if materials processing 
experiments on Spacelab demonstrate that 
space has commercial potential It would 
like to develop more sophisticated versions 
of Ariane and ultimately an unmanned 
partly-reusable space transportation 
system called Solaris, which is expected to 
be put before the agency’s council at the 
end of the year 

France disagrees with Britain’s proposal 
to spend more on telecommunications on 
the grounds that that should be left to 
industry Both France and Germany 
withdrew from early plans to build a large 
satellite for direct broadcasting, preferring 
instead a bilateral programme Neither 
believes that the ‘‘Large Satellite 
Programme” (L-sat), due to be approved 
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Quistgaard awaits orders 
Paris 
Erik Quistgaard, director-general of 
the European Space Agency, 1s 
optimistic The present stalemate 
between the member states, he says, 
might be broken if the users of space tech- 
nology were more intimately involved 
Thus post offices, users of remote sensing 
data and industrial users of experiments 
on Spacelab rather than government 
departments should have more influence 
over what the agency does The problem 
is that although most states know what 
they want from space, few are decided 
about their expectations of the agency 
Mr Quistgaard believes that ıt 1s up to 
member states to tell him what they want 
Some delegates, however, are looking to 
him for solutions The rejection of his 
proposal that the science budget should 
be increased ıs hardly encouraging 
Quistgaard believes that Europe can 
and should compete with the United 
States and others ın telecommunications, 
remote sensing and space transportation 
systems He favours unmanned space 
transportation systems as an alternative 
to the space shuttle Judy Redfearn 








in June by Britain, Italy and some of the 
smaller countries, goes sufficiently beyond 
their own plans to justify participation 
Britain, on the other hand, with a smaller 
space budget than either France or 
Germany, sees L-sat as 1ts opportunity to 
compete for world markets 

The hope 1s that these two conflicting 
views can be reconciled Professor Hubert 
Curien, director of the Centre National 
d’Etudes Spatiales, believes that Britain 
may be moving towards the view that space 
transportation systems must be developed 
within the agency And John Hawkes, of 
the British Department of Industry, thinks 
that his French colleagues may now be 
more ready to agree that telecommuni- 
cations development beyond L-sat should 
be supported on a European scale 

If Mr Quistgaard 1s to put his ten-year 
plan into operation, he needs to know soon 
which of these options the agency should 
be studying To pursue both would entail 
scrapping the agreement reached on the 
future budget Judy Redfearn 


Cystic fibrosis 
Diagnostic hopes 


Techniques now being developed at 
various centres in Britain and the United 
States have stimulated optimism about new 
approaches to the prevention of cystic 
fibrosis Workers ın the field are particularly 
excited by the prospect of being able 
to detect carriers of the genetic defect 

Among genetic deficiency diseases, 
cystic fibrosis 1s peculiar in that the nature 
of the underlying molecular defect 1s as yet 
unknown The belief that only a single gene 
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1s volved has, however, recently been 
confirmed by Romeo (Bologna), working 
with records of dispensations for cousin- 
cousin marriages accumulated at the 
Vatican Among Caucasian populations, 
the frequency of carriers of defective genes 
is thought to be 1 in 20 The Vatican 
records have confirmed that cystic fibrosis 
is an autosomal recessive disease, 
accounting for the normal incidence in 
Northern Europe of 1 ın 1,600 

Attempts at antenatal diagnosis of cystic 
fibrosis have been based on the virtual 
absence, ın those with the overt disease, of 
an uncharacterized proteolytic enzyme 
This technique, originally developed by Dr 
Henry Nadier ın Chicago, 1s now being 
taken up at othercentres It may eventually 
be possible to offer ammocentesis to 
pregnant women who have already 
produced one child with cystic fibrosis, 
although the frequency of false positives 
and false negatives has not yet been 
determined confidently 

Two techniques for the recognition of 
carriers are being developed, one of which 
is based on the occurence ın the serum of 
both homozygotes and carriers of a protein 
apparently characteristic of cystic fibrosis 
Last year, Dr David Brock’s group at the 
Department of Human Genetics at the 
University of Edinburgh reported the 
raising of antibodies against the protein 
(Manson, Jean and Brock, David JH, 
The Lancet, 16 February 1980) and the 
possibility that these might be used to 
distinguish between cystic fibrosis patients 
(carrying a full dose of the protein), 
carriers (with a smaller amount) and 
normal people Since then, better 
techniques for raising antibodies have been 
developed, and there are plans for the 
development of monoclonal antibodies 
The second technique, developed in Los 
Angeles, ıs based on the differential 
response of cystic fibrosis patients, carriers 
and normal people to the administration of 
the drug ouabain 

The hope now 1s that a relatively straight- 
forward way of recognizing carriers may 
reduce to manageable proportions the 
provision of amniocentesis for mothers at 
risk of producing children with cystic fibro- 
sis In Britain, the Department of Health is 
under some pressure to prepare for a pilot 
scheme against the time when the diagnos- 
tic techniques are fully developed 

Genetic screening may well be possible 
before the nature of the underlying defect 
is understood One possibility is that the 
protein characteristic of cystic fibrosis isn 
normal people removed by the proteolytic 
enzyme which ıs the basis of proposed 
diagnosis of the disease by amniocentesis 
In Britain, Professor R Wilhamson (St 
Mary’s Hospital Medical School) has 
embarked on a programme for the identifi- 
cation of the cystic fibrosis gene using 
techniques of chromosome sorting and 
genetic manipulation 

Financial support for most of the British 
research in this field 1s provided by the 
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Cystic Fibrosis Research Trust, which 1s 
now spending more than £500,000a year It 
1S a sore point with those involved that the 
Medical Research Council’s contribution 
to work ın the field, although small, was 
exaggerated in a reply to a parhamentary 
question last October 


Safety at Windscale 
Yes we were wrong 


The British nuclear industry’s site at 
Windscale, the source of along sequence of 
mishaps ın the past decade, was last week 
given an adverse report by the Health and 
Safety Executive, the orgamization in 
charge of the Nuclear Installations Inspec- 
torate And British Nuclear Fuels Limited, 
the owner and operator of the site at 
Windscale, put its hand on its heart and 
acknowledged that it had been at fault. 

The report by the Health and Safety 
Executive ıs largely concerned with 
managerial failures at Windscale It says 
that British Nuclear Fuels had allowed the 
condition of the several plants at 
Windscale to deteriorate until by the early 
1970s, their safety could not be assured, 
and that the efforts made since 1974 to 
enhance the safety of the Windscale 
facilities further complicated the assurance 
of safety by their demand on resources 
The report complains that the company 
paid too little attention to the filling of 
semor posts at Windscale and that the 
arrangement whereby the Northwest Area 
General Manager 1s responsible for safety 
in the whole of Windscale but also at other 
plants means that his responsibilities are 
too much diluted 

The report says that most incidents at 
Windscale have arisen because of mistakes 
m the execution of routine tasks Abouta 
quarter of the 30 or so incidents reported 
each year since 1976 have involved the 
exposure of people to doses of radiation 
exceeding the limits laid down The inspec- 
tors say that the managers of the plant must 
provide workers on the site with regularly 
updated and more explicit instructions for 
carrying out routines tasks and that a 
promised review of safety procedures 
should be completed more quickly than 
now seems likely In the long run, the 
Nuclear Installations Inspectorate wants to 
see a system for the independent audit of 
safety at Windscale 

The effect of the Health and Safety 
Executive’s report on the publicly owned 
parts of the British nuclear enterprise is 
likely to be far-reaching British nuclear 
engineers appear to acknowledge that 
Windscale, because of the way in which it 
has been created by the addition of new 
plants to an already overcrowded site, and 
because of its relative antiquity, 1s not the 
ideal model for the safe operation of 
nuclear plants But other nuclear sites are 
hkely to encounter similar problems which 
will be less readily excused. 
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US university regulations 
Complaints listed 


Washington 

Jumping on the anti-regulation 
bandwagon which helped propel Mr 
Ronald Reagan into the White House last 
November, US colleges and universities are 
eagerly compiling a list of federal regu- 
lations which they feel are stifling the 
productivity of their educational and 
research efforts 

One regulation that the universities have 
in mind 3s the notorious Circular A-21, 
issued by the Office of Management and 
Budget, laying down strict accounting rules 
which must be obeyed by any scientist and 
his or her institution receiving federal 
research support ‘‘A-21 1s atthe top of our 
priority list for reform’’, Mr Sheldon 
Steinbach, general counsel of the Amer- 
ican Councilon; Education, said last week 

Another rule which the universities 
would like to see changed 1s the 
requirement that scientists should provide 
a precise account of the way that their time 
1s divided, not only between teaching and 
research, but also between different 
research projects Another relates to cost- 
sharing between universities And 
although the Carter Administration, 1n its 
last month ın office, took steps through the 
Office of Management and Budget and the 
Office of Science and Technology Policy to 
reduce the impact of the A-21 rules, many 
universities feel that they are still far from 
satisfactory 

The universities’ point of view had 
already been presented to Vice-President 
George Bush, who has been appointed by 
President Reagan to head a task force on 
regulatory reform, and has announced the 
Admunistration’s intention to defer 
several new regulations proposed by Mr Carter, 
and also to take a close look at several existing 
rules to see 1f they should be revised 

Last week, Mr Bush was presented witha 
nine-point plan to streamline federal rule- 
making which had been drafted by 62 
leading businessmen and educators 
organized by the American Council on 
Education into a Business Higher 
Education Forum The forum’s statement 
linked together the complaints made by the 
business community about, for example, 
the impact of health and safety regulations, 
and those coming from the academic 
community about the general burdens of 
educational regulation 

The report of the forum says that, as a 
result of the many educational reforms 
introduced over the past twenty years, 
from rules about facilities for handicapped 
students to affirmative action 
programmes, regulation of higher 
education ‘‘has mushroomed’’, with 400 
laws on the statute book overseen by 34 
committees of Congress 

One complaint ıs the economic impact of 
the regulations According to Howard 
Bowen, an economics professor at the 
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Claremont Graduate School, federal 
regulations alone inflate costs on 3,200 US 
campuses by an estimated $3,000 million a 
year And the Business Higher Education 
Forum quotes the widely used — although 
often challenged — calculation by econo- 
mist Murray Weidenbaum, now chairman 
of the Council of Economic Advisors, that 
federal regulations may be costing US 
industry $100,000 million a year overall 

But there are other factors at work as 
well ‘‘The most important of the regu- 
lations’ effects 1s the growing and 
unwelcome degree to which government 1n- 
trudes into the private sector, compro- 
musing the capacity for independent action 
in business, labour, academic institutions 
and elsewhere’’, says the forum report 

The Bush task force has already said ıt 
plans to review two existing regulations 
covering research One requires college 
professors and researchers receiving 
federal grants or contracts to obtain 
government approval for leave of absence, 
changes 1n research methods or transfer of 
the research to others, the other requires 
colleges and universities to share certain 
percentages of the cost of research 
financed by the federal government 

Research administrators are cautiously 
optimistic that, given the general anti- 
regulatory stance of the new 
Administration, they will achieve 
significant changes, a step towards what 
the American Council on Education forum 
describes as ‘‘a more systematic, rational 
national policy on regulation” 

David Dickson 
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French nuclear power 


Close to the brink? 


Brussels 

The breakdown ın the electricity supply 
from the French national grid to the 
nuclear reprocessing plant at Cap de la 
Hague, at the tip of the Cherbourg 
peninsula, which occurred in April last year 
(see Nature 24 April 1980, p 653), came 
within an ace of becoming a major 
catastrophe That, at any rate, 1s what the 
Brussels-based international socialist 
group Agenor 1s claiming 

Agenor has published an account of the 
incident based on the research of two 
groups of critical scientists, GSIEN in 
France, and PERG (Political Ecology 
Research Group) based in Oxford The 
report claims that when the electricity: 
supply was restored the emergency: 
generator “‘blew’’, putting all the plant’s 
electrically operated mechanisms out of 
action By pure chance one of the worst 
consequences was avoided Ten mimutes 
earlier a 30-kg load of plutonium was being 
prepared Without the electricity, the 
agitation needed to prevent the plutonium 
going critical would have stopped 

The power failure also stopped the 
cooling of the reservoirs containing radio- 
active waste from all of France’s reactors 
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Nuclear Structure Facility 


More delays ahead 


Britain’s Nuclear Structure Facility, 
under construction at the Science Research 
Council’s Daresbury Laboratory ın 
Cheshire, has run into new problems The 
30-MV tandem Van de Graaf accelerator 
had been expected to produce its first beam 
for experiments this month, but the latest 
setback means that full operation 1s 
unlikely before the autumn The problem ıs 
dust, which caused a short circuit across the 
laddertron — the alumimium and plastic 
belt which carries charge up the 40-m 
column io terminals —- during a recent 
trial The resulting break in a couple of 
plastic links in the laddertron has been 
relatively simple to repair, but getting rid of 
the dust is proving more difficult 

The Nuclear Structure Facility, which’ 
should provide a variety of 1on beams for 
nuclear structure studies, has had a long, 
and not always easy, history The Science 
Research Council bit off rather more than 
it could chew when it decided m 1972 to 
build a tandem Van de Graaf accelerator 
that exceeded the capabilities of machines 
operating at the time The highest voltage 
achieved by standard machines was then 
about 15 MV _ Design and technical 
problems have considerably increased the 


building time and the cost 

The dust problem first became apparent 
last November There are two sources of 
dust — beds of alumina pellets used to dry 
out sulphur hexafluoride gas which 
surrounds the tandem, and the bearings 
used ın the construction of the machine A 
short test last summer revealed no dust 
problem For that test, the machine was 
run without drying the sulphur hexa- 
fluoride insulating gas and, according to 
Dr R Voss at Daresbury, not for long 
enough for the dust from the bearings to 
become a problem 

Work ıs now concentrated on removing 
all dust from the machine Dust from the 
alumina beds should be minimized by 
passing the gas through more slowly, but ıt 
may be more difficult to eliminate dust 
from the bearmgs However, after a few 
hundred hours of operation, bearing dust 
should fall off dramatically After that, the 
plan 1s to catch residual dust in traps built 
into each rung of the laddertron 

The result 1s that the facility will be late 
coming on line It 1s now hoped that the 
high-voltage performance can be demon- 
strated within one or two months, the 
accelerator tube within the following two 
months and that commissioning will be 
complete two months after that The first 
experiments are likely ın September or 
October Judy Redfearn 





Within 10 hours the waste would have 
begun to boul, releasing caesium-137 and 
rubidium-106 and making it difficult to 
gain access to the plant to restore the 
current and restart the cooling If that had 
happened, within three days a radioactive 
cloud would have formed, and the prevail- 
ing southwesterly winds might have carried 
the cloud as far as London The uncooled 
and dry waste left in the reservoir would 
then have melted down, reaching the water 
table and causing a steam explosion At the 
Cap de la Hague site not only radioactive 
waste but also stored plutonium would 
have been distributed over a large area 
On 6 January this year a different 
accident occurred, the news of which the 
authorities had more difficulty in 
suppressing A fire broke out in a trench 
used for dumping cladding removed from 
around the used fuel rods of graphite gas 
reactors When alarm bells rang ın several 
workshops on the site, the reaction was to 
disconnect them Only later was ıt realized 
that radioactivity was coming into the 
workshops from outside The fire burned 
for 15 hours According to measurements 
taken by the umions, the level of beta 
radiation on the site had risen to 26 times 
the permitted level and alpha radiation to 6 
times the permitted level According to 
Agenor, the French Atomic Energy 
Authority (COGEMA) avoided informing 
the workers downwind of the fire and 
denied there was any danger to the local 
population The radical trade union CFDT 
had produced figures to show that milk has 
been contaminated throughout the 


Cherbourg peninsula 

The intention of GSIEN, PERG and 
Agenor is to discredit the technology of the 
Cap de la Hague reprocessing plant and to 
go on to show that the nuclear power 
strategy of France as well as Western 
Europe ts wrong 

As well as having problems with safety, 
the Cap de la Hague plant ıs not fulfilling 
its tasks Cap de la Hague started 
processing oxide fuel in September 1976, a 
year behind schedule The planned 
capacity 1s 800 tonnes a year but by 1980 the 
total amount processed was only 340 
tonnes In the meantime, France has gone 
on negotiating contracts to reprocess the 
waste from Japan, Germany, Belgium, 
Spain, Sweden, the Netherlands and else- 
where To manage whats estimated to bea 
commitment to reprocess 6,000 tonnes, 
France 1s building two more plants, each 
with an annual capacity of 800 tonnes 
Neither 1s likely to be ın operation by 1988, 
and meanwhile the waste 1s being stored 

As well as being behind in coping with 
nuclear waste, Cap de la Hague 1s not 
producing enough fuel In 1980 the plant 
handled enough uranium oxide to produce 
only one tonne of plutonum Agenor 
argues that at this speed the fast-breeder 
strategy falls flat on ıts face The initial fuel 
load of plutonium needed at Malville, a 
1,300-MW reactor, 1s 4 5 tonnes, so that 
the idea that France or Europe can become 
self-sufficient with fast-breeders 1s 
implausible Europe boasts only one other 
reprocessing plant, that at Windscale in the 
United Kingdom Jasper Becker 
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Genetic weaponry? 


Sir — The problems of implementing the 
Helsinki accords in Soviet Russia have been 
raised once more in your issue of 15 February 
(p 437) where the case of David Goldfarb was 
mentioned I have known David Goldfarb for 
many years He was head of the Laboratory of 
Molecular Genetics of Bacteria and 
Bacteriophage of the Soviet Academy of 
Sciences He has asked to emigrate to Israel 
and a visa was denied on the grounds that ‘‘he 
had access to classified work” 

David Goldfarb was never involved in 
classified work and did not even have security 
clearance — as so many scientists ın Soviet 
Russia have He worked on the genetics of 
bactena and bacteriophage If such research is 
classified, ıt means that Soviet Russia intends 
to use molecular genetics for biological warfare 

So far as ıs known, the USSR Academy of 
Sciences 1s consulted when a scientist asks for 
an emigration visa One wonders if the 
Academy will officially and openly subscribe 
to the decision of the Soviet authorities 
according to which molecular genetics 1s a 


potential weapon and a military secret 
j ANDRE LWOFF 
Institut Pasteur, Paris, France 
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NRPB and risk 


Sır — It must be admıtted that one does not 
know what happens within an organization 
without being a part of it It 1s equally true 
that being a part does not automatically make 
one a reliable critic of ıt We have these 
assertions in mind upon reading Mr S G 
Goss’s letter on risks at the National 
Radiological Protection Board (Nature 289, 
316, 1980) 

We have the highest respect for the scientific 
integrity of Sir Edward Pochin and the late Dr 
G W Dolphin, and their thoughtful attempts 
to publish reliable information on radiation risks 

We further believe that this view is shared 
by other US colleagues who have had the 
opportunity of interact ng with these two 
Derogatory evidence would have to have a 
decidedly firmer foundation than that offered 
in the Goss letter to change this viewpoint 


WILLIAM J Bair 
Roy C THOMPSON 
HERBERT M PARKER 


Battelle Pacific Northwest Laboratories, 
Richland, Washington, USA 


Conservation sites 


Sır — In his letter of 12 March 1981, Dr C 
Murr criticises actions and advice of the 
Nature Conservancy Council (NCC) over Sites 
of Special Scientific Interest (SSSI) on the 
grounds that such sites are misguidedly chosen 
to protect endangered species, because species 
extinction 1s a natural and inevitable process, 
and that the site notification procedure 
imposes an unacceptable financial burden on 
landowners The NCC does not notify SSSIs 
from ‘‘caprice’’ but because Parliament in tts 
wisdom conferred this duty upon us, as a key 
part of a national strategy for nature 
conservation We continue to do this because a 
very large number of concerned people believe 
that SSSIs are important to the conservation 
of wildlife and physical features 

Most extinctions during the last 2,000 years 
have been man-induced, and it 1s this 
accelerated loss that we are trying to stem By 
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2000 ap the world will have lost no fewer than 
one million of the plant and animal species 
existing today, maimly through habitat 
destruction and over-exploitation In Britain 
many indigenous species could become extinct 
Whether this 1s held to be evolution or not 1s 
irrelevant the fact is that many people do not 
wish such losses to occur and look to NCC 
and other bodies to prevent them 

SSSIs are in any case not chosen just for the 
presence of rare or endangered species, but to 
give a national network of important semi- 
natural habitats Many are selected quite 
separately for the importance of their 
geological and physiographic features The 
term ‘‘scientific interest” 1s interpreted 
broadly as the value of the biological and 
physical attributes of a site to that informed 
sector of society which has a concern for such 
phenomena The NCC has defined criteria for 
evaluation of these attributes based on the full 
range of public interest involved, which 1s 
clearly wider than scientists alone 

The SSSI device is one of the few means 
available for defending the important areas for 
nature conservation but its actual inadequacy 
in this respect 1s currently the subject of 
lengthy parhamentary debate on the Wildhfe 
and Countryside Bill Our concern 1s indeed to 
safeguard these sites in perpetuity Itisa 
staggeringly narrow and mechanistic view 
which holds that once ‘‘objects or 
phenomena’’ have been ‘‘studied’’ they are of 
no further value to science and can, by 
implication, be allowed to disappear And 
beyond this, who has the confidence to assert 
that all possible knowledge has been gleaned 
from any object or phenomenon? 

The responsibility of government to cater 
for nature conservation as a public interest 1s 
not, ın a democratic society, altered by the 
fact that some people find the resulting 
measures inconvenient to their material 
interests or irrelevant to their personal beliefs 
And just to get things in proportion, the sense 
of official priority accorded to nature 
conservation in publie affairs 1s reflected in the 
£10 million annual budget of NCC, compared 
with £700 million allocated to agricultural 
support and £9,500 million to defence 

The NCC has long accepted that when 
owners and occupiers of land are asked to 
incur a material loss in order to sustain a 
nature conservation interest, the principle of 
compensatory payment is entirely fair This 
principle would remain an integral part of the 
additional site safeguard measures which NCC 
has been seeking ın the Wildlife and 
Countryside Bill It seems equally reasonable 
to ask that owners and occupiers of land 
accept that they have, on behalf of the nation, 
a responsibility in stewardship for the national 
heritage of nature which 1s now suffering such 
severe and accelerating losses We are all 
increasingly enmeshed ın a single society, and 
when the owners and managers of our national 
resources ask the taxpayer to help their private 
circumstances by direct or indirect cash hand- 
outs, another point of principle arises This 1s 
that these parties should also accept that such 
funds are distributed across the whole wide 
spectrum of taxpayer interests, according to a 
balance ef adjudication through the proper 
agencies of government, of which NCC ıs one 

D A RADCLIFFE 
Nature Conservancy Council, 
London SW1, UK 


Selling Darwin 


Sır — So much has been written on Darwin 
and Marx, since Halstead’s original diatribe 
against the use of cladistics ın the displays of 
the Natural History Museum (Nature 288, 208, 
1980), that I wonder whether these two 
venerable gentlemen are not now reaching for 
their pens to set the record straight Until 
Nature’s Olympian warnings (26 February, 
p 735) on the ‘selling out on Darwinism”’ in 
the museum (and by association other new 
evolutionary approaches) one felt safe from 
the bogies ın Halstead’s head Now that they 
are out and about rather than dead and 
buried, ıt 1s amusing to consider the original 
error which gave rise to them 
Halstead’s polemics ‘‘follow like a tedious 
argument of insidious intent” (T S Ehot) 
His accusation that cladists and proponents of 
“punctuated equilibria” are furthering the 
Marxist concept of dialectical materialism 
reveals his 1gnorance of the fundamentals of 
this concept and of Darwinism If it 1s 
necessary to find a biological phenomenon in 
keeping with dialectical materialism, then 
Darwin and not ‘‘punctuated equilibna’’ 
provides a perfect example According to 
dialectical materialism (unsullied version) 
there are two inter-related components to 
every process 1n that a gradual accumulation 
of small quantitative changes leads inevitably 
to a qualitative change of state Engel’s 
favourite scientific example was the boiling of 
water A qualitative change from liquid to gas 
only occurs after a sufficient quantitative 
increase in the thermal agitation of the 
molecules has taken place According to 
popular Darwinism a gradual quantitative 
accumulation of allelic differences as an 
adaptive response to a specific environment 
leads inevitably to a qualitative change of state 
(the inception of reproductive isolation 
speciation) If dialectical materialism upsets 
Halstead he would do better to dismantle 130 
years of Darwinism 
Ironically the precise mechanism by which 
natural selection could increase reproductive 
isolation perplexed Darwin and, despite the 
subsequent attempts of Fisher, Muller and 
Dobzhansky to explain how this might 
happen, we have little empirical data ‘‘Let me 
first say that no man could have more 
earnestly wished for the success of Natural 
Selection in regard to sterility than I did, I 
always felt sure ıt would be worked out but 
always failed in detail ” (Darwin letters to 
Wallace and Huxley) Notwithstanding these 
doubts and lack of data Darwinism flourishes 
today as an explanatory mechanism of 
adaptation that leads to speciation 
The theory of ‘‘punctuated equilibria’ does 
not see species formation necessarily as the 
inevitable consequence of microevolutionary 
adaptive differences It dissociates (to an 
extent) quantitative (microevolutionary) from 
qualitative (macroevolutionary) phenomena 
Thus with regard to the process of adaptation, 
itis Darwimian With regard to the process of 
speciation, there are several current notions 
(ranging from possible developmental 
constraints on phylogenetic progress to 
possible biological effects of saltatory and 
rapidly spreading changes ın genome 
organization) that, although novel to a degree, 
leave no room for instant creationism or the 
demise of Darwin, in the way it 1s construed 
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They are basically concerned with differential 
rates of evolutionary change, and the precise 
role of selection has not, as yet been 
ascertained We should not be too surprised if 
speciation turns out to have an accidental as 
“well as an adaptive component The 
imaginative and enquiring spirit of Darwin 
lives in all except the minds of those with other 
axes to grind 

I have a feeling that Darwin would be 
overjoyed at the general acceptability of his 
concept of fine-gramed adaptation under 
natural selection, and would not be 
unreceptive to its possible dissociation as a 
process from that of speciation Marx, on the 
other hand, could but grunt that a 
dissociation of the two processes no longer 
requires the inevitability of a change of state 
of one species into another GABRIEL DOVER 


Department of Genetics, 
University of Cambridge, UK 


From the museum... 


Sr — As music 1s the food of love so surely 
debate 1s the nourishment of science, but the 
crashing cymbals of your leading article of 26 
February were a discordant accompaniment to 
a meagre meal! Your subsequent article? sets 
the stage for a more reasoned discussion 
Controversy and debate over the hypotheses 
associated with the concept of organic 
evolution have recently received considerable 
attention It can hardly be described as a rot 
permeating just the British Museum (Natural 
History) but rather the open questioning of 
evolutionary theory by serious biologists and 
philosophers — a fact apparently denied in 
your first leading article Furthermore there 
are clear indications of unease amongst 
educationalists3.4 at the way in which the 
concept of evolution 1s being taught, not as an 
nypothesis open to criticism but as a fact 
Many practising biologists and teachers 
echo Olson’s remark ‘‘Evolutionary theory 
should be treated like any other scientific 
theory, as a matter for dispassionate and 
objective study of the evidence available’’5 
Yet this only reflects the more pungent and 
provocative comment made by Darwin’s 
“bulldog” over a century ago*' the 
scientific spirit 1s of more value than its 
products, and irrationally held truths may be 
more harmful than reasoned errors Now the 
essence of the scientific spirit 1s criticism’ ó 
The views of many scientists in this museum 
are encapsulated in a quotation from the 
museum’s ‘‘recent brochure’’ 
Biologists try to reconstruct the course of 
evolution from the characteristics of living 
animals and plants and from fossils, which 
give a time-scale to the story If the theory 
of evolution 1s true, the features used to 
classify species in groups were 
acquired by the common ancestor of the 
group and inherited by the living 
descendants In this light, the groups- 
within-groups of classification are seen as 
the descendants of more or less remote 
common ancestors And classifying 
animals and plants 1s a way of expressing 
ideas about the course of evolution This 1s 
why classification 1s interesting and 
important to biologists, and why the work 
of classifying 1s never finished For new 
discoveries lead to new ideas about the 
course of evolution 
Our understanding of the theory of evolution 
1s that ıt is an amalgam of many subsidiary 
hypotheses, related not only to the patterns of 
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organic diversity but also to the mechanisms 
whereby they arise Here we are faced with a 
core theory and its protective satellite belts 
Clearly various aspects of these hypotheses 
have been criticized and umproved upon, and 
there 1s no reason to believe that this evolution 
has stopped, nor should we pretend that it has 
stopped As practising systematists we 
recognize and we do not underestimate the 
enormous heuristic value of the theory as a 
stimulus to research 
The theory of evolution must surely be 

considered an ‘‘open question’’ and we 
therefore agree that ‘‘in the public 
presentation of science, 1t is proper whenever 
appropriate to say that disputed matters are in 
doubt’! We cannot see, however, how the 
views expressed in the museum’s brochure 
indicate any divergence from such an 
objective Rather, they make a positive 
statement about the utility of the theory as an 
explanation for the diversity of life 

P H GREENWOOD 
Depar:ment of Zoology, J F PEAKE 
British Museum (Natural History) 
London SW7, UK 
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Sir — Dr Colin Patterson! says that cladistics 
1s ‘‘not about evolution”? Cladistics may 
therefore be considered essentially a method of 
classification Based on morphological 
characters ıt arranges taxa into a hierarchy and 
the hierarchy itself has no necessary 
phylogenetic implications? Since cladistic 
classifications are based on ‘‘derived’’ 
similarity, 1t seems to have been accepted? that 
they may resolve the classification hierarchy 
more fully than traditional classifications, 
which are based on “‘clustering”’ similarity4 

H this 1s all there 1s to cladistics then at least 
its taxonomic substance seems uncontroversial 
However, any such hierarchical classification, 
whilst practically useful, is essentially non- 
scientific’ as the aim of science 1s to explain 
simple taxonomic relations, then to test the 
explanation (scientific theories) to see if they 
make sense Evolutionary theory is one such 
scientific theory? 

Cladistic method can be incorporated into 
evolutionary theory by simply accepting that 
the cladistic hierarchy represents an assumed 
time axis, a view taken by Hennigian cladists 
A historical sequence ts ‘‘predicted’’ from the 
morphology of organisms and ın context of 
Popperian concepts of science, cladists have 
gone on to compare the congruence of such 
predicted sequences with other such sequences 
based on different, semi-independent lines of 
evidence, such as historical geography® 

However, stratigraphy can also be used 
constructively in such comparisons to call into 
question the sequence of taxa presented by 
cladograms and thus to test the usefulness of 
the hypothesis outlined above? 

Cladists to date have applied the concept of 
testing mainly from an internal perspective of 
character analysis!9, and historical time-space 
coordinates of taxa have in general been 
ignored The cladogram has thus been 
regarded as absolute, whilst evidence from 
Stratigraphy, oecause it 1s incomplete, has been 
recognized as relative — and apparently 
therefore as worthless!! Little attempt has 
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been made to hold the cladistic system itself up 
to test It seems to have been overlooked that 
cladistic classification may make 
morphological evidence seem convincingly 
complete, even though it 1s not actually 
complete I do not understand how a system 
that 1s relative (cladogram) can be assumed to 
be absolute and thus used universally to ignore 
or ‘‘refute’’ historical evidence that 1s actually 
true!3_ The view promulgated here regards 
both sets of evidence as relative, and thus as 
commensurable Cladograms present a relative 
sequence and stratigraphy presents a relative 
sequence, and both have their own semi- 
independent corroborators and falsifiers In 
actual practice the testing role of stratigraphy 
would therefore be difficult, a sign of a 
mature science?.!2, im some cases the 
stratigraphy may be trusted more than the 
cladogram, 1n others the cladogram may be 
relatively well corroborated!3 

It is, on the other hand, naively easy to 
question the cladistic system as a basis for 
delimiting species Since cladistic hierarchies 
reflect characters of organisms, and since such 
characters are expressed as a hierarchy of 
proper sub-classes (monothetic sets)4, a logical 
consequence 1s that classes cannot be 
discriminated from individuals within the 
context of character analysis Men and women 
form cladistically distinct taxa, and pregnant 
women a taxon nested within women as a 
whole Straightforward genealogical 
observation refutes this, since a pregnant lady 
can deliver a son and return to her generalized 
condition This argument may seem facile but 
for the fact that one cladist has recently 
described several new species out of what 
many evolutionists might take to be 
sub-specific populations!* At any rate there 1s 
a potential danger of over-splitting taxa 

My view differs from some of my colleagues 
in that I maintain cladistics is about evolution 
and that any sensibly testable system will 
recognize that evolution is a complex, mature 
theory, requiring complex modes of testing 
beyond ‘‘naive falsificationism’’ Basically I 
consider evolution and the fossil record as very 
much the proper context for cladistics and not 
the converse It 1s surely commonsense to use 
historical evidence to examine history and not 
to view ıt askance through a haze of global 
aristotelian philosophy of character analysis, 
as transformed cladists appear now to be 
doing Transformed cladists may justly have 
rediscovered Aristotle, but if they decide to 
wipe out Galileo they reject not only Darwin 
but all of modern science!? CHRISTOPHER HILL 


Department of Palaeontology, 
British Museum (Natural History), 
London SW7, UK 


1 Patterson, C Nature 288, 430 (1980) 

2 Platnick,N 1 & Cameron, H D Syst Zool 26, 380—385 
(1977) 
Mayr, E Z Zool Syst Evol forsch 12, 94-128 (1974) 

4 Hill, C R & Crane, P R in Problems of Phylogenetic 
Reconstruction {eds Joysey, K A & Fnday, A È) 
{Academic, in the press) 

5 Hull,D L Evolution 21, 174 - 189 (1967), Syst Zool 47, 
438 - 457 (1968), A Rev Ecol Syst 1,19-54 (1970) 

6 Popper, K R The Logic of Scientific Discovery 
(Hutchinson, London, 1959) 

7 Popper,K R New Svent 87, 611 (1980) 

8 Nelson, G J & Platmick, N I Bioscience 30, 339 ~343 
(1980) 

9 Lakatos, I Proc Aristotehan Soc. 69, 149 — 186 (1968) 

10 Gaffney, E S in Phylogenetic Analysis and Paleontology 
(eds Cracraft, J & Eldredge, N } 79 -— 111 (Columbia 

Unrversty Press, New York) 
li Nelson, G J Syst Zool 27,324 — 345 {1978} 
12 Feyerabend, P Against Method (Verso, London, 1975) 
{3 Manuscript submitted to Scrence 
14 Rosen,’D E Bull Amer Mus Nat Fist 162,275 — 278 
(1979) 


tad 


©1981 Macmillan Journals Ltd 


Nature Vol 290 16 April 198] 


541 





NEWS AND VIEWS 


Tissue-specific expression 


sauces GOLLOGO 
QQ Gop Siraarae RCO? 
ope Gk T a 


TISSUE-SPECIFIC expression of eukaryotic 

genes 1s always intriguing but of particular 
interest are cases where the expression of a 
given type of protein 1s confined to a few 
tissues, yet where the level of expression in 
each of these tissues differs The a-amylase 
genes belong to such a system a-Amylase 
is produced at high levels in sahvary glands 
and the pancreas, but at much lower levels 
in the liver Previous studies on the 
a-amylases of the laboratory mouse have 
suggested two structural genes, designated 
Amy I and Amy 2 Several recent papers 
from a group at the Swiss Institute for 
Experimental Cancer Research describe 
the molecular organization of these genes 

A single gene, Amy 14, encodes both the 
liver and salivary gland amylases (which are 
identical proteins) Differential expression 
of these two mRNAs probably requires the 
use of at least two different promoters fora 
single cellular gene Equally interesting, 
differential splicing 1s required for the 
generation of these two overlapping, but 
non-identical mRNAs The second gene 
(Amy 2) encodes paacreatic a-amylase, 
which has a different primary sequence 
from the salivary gland/liver forms 
(Schibler et al J molec Biol 142, 93, 
1980, Hagenbuchle ef al Cell 21, 179, 
1980) 

The notion that differential splicing can 
be used to regulate gene expression 1s not 
new Indeed, this principle was borne out 
by the detailed study of viral transcripts 
where, in several cases, overlapping genes 
have been found A well known example 1s 
that of the gene products of the early region 
of simian virus 40, the tumour antigens T 
and t t 1s encoded in a DNA segment 
colinear with the T gene Although t 
mRNA is spliced, this splice occurs after 
the stop codon and does not, therefore, 
affect the t antigen protein-coding regions 
T antigen 1s produced from essentially the 
same mRNA by splicing the region 
encoding the N-terminal segment of t 
antigen to the same splice-acceptor 
sequence asis usedintmRNA Theresultis 
the elimination of the t-antigen stop codon 
and the fusion, in a compatible reading 
frame, of two protem-coding segments, 
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of a-amylase 


from RA Flavell 


translation of this RNA generates the 
mosaic T antigen This ıs a simple example 
The characterization of adenovirus RNAs 
by a large number of groups has revealed a 
dazzling spectrum of gene products 
generated by both differential use of 
promoters and differential splicing (see 
review by Ziff Nature 287, 491, 1980) 

Viruses pay a premium to keep their 
genomes small, and overlapping genes are 
an excellent way to compress a lot of infor- 
mation into a httle space (as ın the smaller 
bacteriophages such as @X174) There ıs 
little indication that higher organisms have 
gone to much trouble to trim down the size 
of their genomes The average Nature 
reader has 3x 10° base pairs of DNA per 
genome, give or take the odd supernumary 
chromosome, while salamanders, whose 
aspirations are significantly more modest, 
possess up to 10!° base pairs of DNA per 
haploid genome Since ıt 1s believed that 
only about one-tenth of our DNA is used to 
encode proteins, one might predict that 
overlapping genes would bé restricted to 
the viruses and that the host genomes 
would use the more familiar path of gene 
duplication to generate the same type of 
diversity Not so, says e-amylase 

The story runs approximately as follows, 
with certain details omitted for simplicity 

The primary structures of murine liver 
and salivary gland a-amylase mRNAs have 
been compared by sequence and S, 
nuclease/hybridization analyses, and this 
has been described in a recent issue of 
Nature (Hagenbuchle et al Nature 289, 
643, 1981) These mRNAs are essentially 
identical except for the 5’-untranslated 
region, which is 206 nucleotides long ın the 
case of the major hver species, but only 95 
nucleotides in the salivary gland mRNA 
Comparison of these sequences shows that 
both liver and salivary gland mRNAs share 
the 48 nucleotides of the 5’-untranslated 
region immediately adjacent to the coding 
region 

The secret of how this mosaic structure 1s 


RA Flavell ts at the National Institute for 
Medical Research, London 


generated was revealed by a structural 
analysis of the chromosomal a-amylase 
genes Young, Hagenbuchle and Schibler 
(Cell 23, 451, 1981) cloned the a-amylase 
genes, located the mRNA-coding segments 
of their clones and determined the DNA 
sequence of the 5’ areas of the gene, the 
region described in the current study covers 
approximately the 5’ one-fifth of the 
mRNA-coding region It turns out that the 
liver and salivary gland a-amylases are 
encoded by the same mosaic gene Four 
exons have been found so far (there are 
presumably several other exons ın the 3° 
regions of the gene, but these have not been 
analysed in mouse, for the rat, see 
MacDonald et al Nature 287, 117, 1980) 
which correspond, respectively from 3’ to 
5’, to an internal coding region (called exon 
4 here), the 5’-terminal coding region plus 
the 45 nucleotides of the 5’-untranslated 
region (exon 3), common to both mRNAs, 
and two alternative 5’-terminal exons — 
one of 161 nucleotides (exon 2), which 1s 
utilized ın liver a-amylase mRNA, and one, 
about 2 8 kilobases further to the 5’ side ın 
chromosomal DNA, of 50 nucleotides 
(exon 1) which ıs used for the salivary gland 
mRNA The two alternative mRNAs are 
probably obtained by differential trans- 
cription and/or processing but these points 
remain to be elucidated There are 
promoter-like TATAA boxes at the usual 
24 (+1) nucleotides upstream from both 
exons 1 and 2 — ıt 1s plausible*® (see Young 
etal op cit ), therefore, that transcription 
initiates at exon | 1n the salivary gland and 
exon 2 ın the liver Equally, transcription 
could imitiate at both sites and only the 
mRNA containing the appropriate leader 
might be exported to the cytoplasm ın the 
relevant tissue Whatever the mechanism, 
the uncapped lhiver-type leader sequence 
{exon 2) must presumably act as an mtron 
in the salivary gland transcript, differential 
splicing must ultimately generate tissue- 
specific mRNAs with exons 1, 3 and 4 being 
spliced in the salivary gland and 2, 3 and 4 
being spliced in the liver As Young and his 
colleagues point out, this type of situation 
also exists in the immunoglobulin genes 
where multiple J regions exist in the active, 
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rearranged, K-chain gene, for example, 
only one of these 1s destined to appear in 
the mRNA, the remainder being removed 
by differential splicing 

Why does the mouse go to all this 
trouble? Any explanation should consider 
the fact that a-amylase mRNA accounts 
for 2 per cent of the cytoplasmic MRNA ın 
the salivary gland, but only 0 02 per cent ın 
liver This level may reflect the transcrip- 
tion rate from the two genes, the ‘salivary 
gland’ promoter would then be consider- 
ably stronger than the ‘liver’ promoter 
Alternatively, the rate of RNA processing 
and/or export to the cytoplasm may be 
different for the two mRNAs Another 
clue may reside in the fact that the liver 
mRNA has a much longer 5’-untranslated 


region than the salivary gland mRNA Its 
possible that this affects the translation 
efficiences of the mRNA (see ‘Discussion’ 
in Young etal.) Although the explanation 
for this fascinating genetic mechanism 1s 
the subject of future work, it 1s, of course, 
likely to be tied up with the primary 
question — what determines the different 
level of a-amylase ın two different tissues? 
In the rat (and other mammals) the 
situation may be even more complicated 
MacDonald and his co-workers (Nature 
287, 17, 1980) have analysed the rat 
a-amylase genes and these studies point to 
at least five non-allelic a-amylase genes or 
pseudogenes The further elucidation of 
the expression of the e-amylase gene family 
remains a mouth-watering prospect E 


Antibody-mediated 
enhancement of rabies virus 


JromJ S Porterfield 


THE long incubation period following 
naturally acquired rabies virus infection 
allows time for manipulation of the host’s 
immune system in ways that can promote 
protection Louis Pasteur’s treatment of 
Joseph Meister was dramatically successful 
almost a century ago, and since then, very 
many others have benefited from rabies 
vaccines! There are, however, occasional 
failures, even when vaccine of established 
potency has been used, and much remains 
obscure about the pathogenesis of rabies 
virus infection, and about the precise way 
in which rabies vaccine confers protection 
One puzzling effect, seen in both monkeys 
and mice immunized with rabies vaccine 
and subsequently challenged with rabies 
virus, has been termed the ‘early death’ 
phenomenon, since some vaccinated 
animals die sooner than non-vaccinated 
controls given the same challenge? 
Following earlier work which indicated 
that both bone marrow-derived B lympho- 
cytes and thymus-derived T lymphocytes 
contributed to the clearance of rabies virus 
from the central nervous system®5, 
Prabhakar and Nathanson now present 
evidence, on p 590 of this issue of Nature, 
that ‘early death’ ın mice 1s mediated 
through antibodies, and 1s not a cell- 
mediated effect involving T lymphocytes, 
they do not, however, explain the 
mechanism whereby antibody produces 
this paradoxical response 

Apart from rabies, there are a number of 
other infections in which antibodies appear 
to produce effects which are detrimental to 
the host The increased risk of severe 
bronchiolitis and pneumonia seen in 
infants who had been vaccinated with 
killed respiratory syncytial virus vaccine 


JS Porterfield is in the Sir Wilham Dunn 
School of Pathology, University of Oxford 
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and subsequently acquired natural 
infection with that virus 1s well 
documented, but still inadequately 
explainea® Dengue viruses normally 
produce a non-fatal illness with a rash, but 
a proportion of children in South-East 
Asia develop haemorrhagic manifestations 
and may die from shock’ Although the 
effector mechanism responsible for the 
shock remains controversial, several 
laboratory studies related to haemorrhagic 
dengue are relevant to the ‘early death’ 
phenomenon Monkeys inoculated with 
dengue virus mixed with sub-neutralizing 
concentrations of anti-dengue antibodies 
show higher levels of viraemia than control 
animals given dengue virus only’ Dengue 
virus replicates poorly in normal human or 
monkey peripheral blood white cell prepar- 
ations, but shows enhanced yields of virus 
when exposed to infectious virus~antibody 
mixtures? This antibody-mediated 
enhancement of viral replication 1s not 
restricted to dengue virus, but has also been 
demonstrated in continuous cell lines of 
mouse and human macrophages with West 
Nile virus'®, with other Togaviridae and 

Bunyaviridae!! Halstead first suggested 
that the mechanism involved in the human 
monocyte system depended on an 
increased uptake of virus complexed with 
antibody through Fe receptors (present on 
these cells but absent from most other 
cells), the internalized virus escaping 
destruction by the phagocytes and 
replicating within them? Using the simpler 
model system with mouse macrophage-like 
cell lines, Perris ef al}! showed that the 
antibody-mediated enhancement of West 
Nile virus replication was specifically 
blocked by monoclonal antibodies directed 
against Fc receptors on the cells they were 
using 
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Are these findings at all relevant to the 
rabies ‘early death’ effect? Rabies viruses 
were thought to be serologically identical, 
but a number of rabies-related viruses are 
now known!?, and antigenic variation 
between rabies virus strains has been estab- 
lished!3_ Mice mnoculated with Lagos Bat or 
Mokola viruses, two of the rabies-related 
viruses, and subsequently challenged with 
rabies virus, also died more quickly!4 
These findings suggest that ıt ıs not 
essential to have homologous neutralizing 
antibodies to produce the rabies ‘early 
death’ effect, but that cross-reacting sera 
may also be active ın this system as m the 
dengue system!®!5 Three monoclonal 
antibodies directed against.the envelope 
glycoprotein of ‘West Nile virus will all 
enhance West Nile virus although only one 
of these has neutralizing activity!® 
Monoclonal antibodies against known 
components of rabies virus and against 
rabies-related viruses are available, and it 
would be of great interest to determine 
which of these was capable of producing the 
‘early death’ effect with rabies virus 

It might be objected that rabies virus 
replicates in the central nervous system in 
cells that would not have Fc receptors, so 
that the mechanism of opsonization of 
virus—antibody complexes could not 
apply Rabies virus ıs capable of replicating 
in a wide variety of different cell types in 
addition to neurones, and it ıs certainly 
possible that macrophages within the brain 
or spinal cord might support replication, 
following ‘enhanced’ uptake in the 
presence of anti-rabies antibodies, 
although experiments with mouse 
peritoneal macrophages lend little support 
to this view!” 

These comments ın no way detract from 
the unquestionable efficacy of present 
post-exposure treatments of rabies, which 
combine the use of human diploid cell 
vaccine with human rabies immune 
globulın!8- They emphasize a continuing 
need for investigation of the complex inter- 
actions involved in the pathogenesis of 
rabies virus infection O 
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Antibodies, introns and biosynthetic versatility 


from Miranda Robertson and Mike Hobart 


SOON after the discovery that eukaryotic 
genes may be interrupted by non-coding 
DNA sequences, Gilbert! speculated in 
Nature that this unexpected arrangement 
might make ıt possible to produce vanants 
of a single protein by differential splicing 
of the interrupted RNA Specifically, he 
suggested that such a mechanism might 
underlie the well defined sequential 
changes that take place in the immuno- 
globulin molecule ın the course of B 
lymphocyte ontogeny As a result of these 
changes, a single antigen-binding site 1s 
associated successively with different 
effector sites to produce first immuno- 
globulin M, then immunoglobulin D, and 
later immunoglobulin G or sometimes A or 
E Each of the different classes of immuno- 
globulin ıs expressed first as a membrane- 
bound receptor molecule and later, on the 
terminal differentiation of the lymphocyte, 
as a secreted protein which ıs identical to 
the receptor ın all but a few residues at its 
carboxy terminal 

Both the class of the immunoglobulin 
molecule and whether it 1s membrane- 
bound or secreted depend on the structure 
of the constant region of its heavy chains 
(see Fig 1) Thus each heavy-chain variable 
region (V,, region) 1s associated in turn with 
a constant region (C,, region) coding for 
the u, 6 and y, œ or € chains corresponding 
to IgM, IgD, IgG, IgA and IgE, and each of 
these chains may then undergo modifi- 
cation atits3’end Itis now known that the 
class switch from IgM to IgG, IgA or IgE 1s 
mediated by translocation of the V,, region 
DNA with deletion of the Cy regions 5’ to 
the one that 1s expressed? Deletion, 
however, cannot explain the switch from 
IgM to IgD, because some B cells, 
including a few tumour cell lines, 
synthesize IgM and IgD at the same time; 
nor is it an attractive explanation for the 
switch from membrane to secreted proteins, 
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Fig 1 Diagram of an antibody molecule 
showing the division of the heavy chains into 
the variable regions that determine antigen- 
binding specificity and the constant region 
domains Each of the four domains, Cy, 
Cio» Cy; and the hinge, 1s encoded in a 
separate intron onthe DNA The sequences of 
the Cy introns are different for the different 
classes of immunoglobulin The secreted form 
of each class (C,) differs from the membrane 
form (Cm) in the last few carboxy terminal 
residues of Cyu, the membrane form has a 
longer and more hydrophobic carboxy- 
terminal which anchors it in the membrane, 
the diagram shows the secreted version 


which are also simultaneously expressed 
Instead, as Gilbert surmised, these 
processes are controlled by processing of 
the RNA 

Immunoglobulin D biosynthesis has 
become accessible to investigation through 
the work of Liu and his colleagues? who 
have located the gene coding for the 
corresponding ô constant region The gene 
itself is very peculiar, having only two 
constant region domains (instead of the 
usual three) and an abnormal hinge region 
Furthermore, it lies only about 2,000 base 
pairs from the u gene corresponding to the 
IgM constant region, this 1s a much shorter 
distance than has so far been found to 
separate other constant region genes, and it 
means a single stable transcript could be 


Fig 2 Diagram of chromosomal DNA coding for IgM 
and IgD ina B cell The open rectangles are exons and 
the intervening solid lines represent introns Heavy 
vertical bars represent RNA splicing signals In cells, 
expressing both membrane IgM and membrane IgD, ıt 
1s beleved that the entire region 1s transcribed Dotted 
hne @ joins the introns that are spliced to produce 


membrane IgD, with the elimination of all the Cy 
introns Dotted lme 8 joins the introns that are spliced 
to produce the membrane form of IgM Note that 1f the 
switch from membrane to secreted IgM occurs through 
termination of transcription after the u, segment, 
transcription of the 6 gene will also be shut off The 
switch from membrane to secreted 6 chains 1s believed 


to occur as described for u 
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made from the combined u and 6 coding 
regions There 1s, indeed, now preliminary 
evidence for the existence of such a 
transcnipt* The switch from p to 6 could 
thus be mediated by the removal of the 
entire u gene as an intron (see Fig 2) The 
simultaneous expression of u would be due 
to simultaneous production of shorter 
transcripts, ending before the 6 sequences, 
or to polyadenylation at a site between the 
pand ô genes 

This scheme has more recently been 
strongly reinforced by Moore et al., who 
have confirmed the location of the 6 gene 
in DNA both from mouse sperm and from 
a mouse hybridoma expressing membrane- 
bound forms of IgM and IgD, and 
established that the u gene is not rearranged 
inthe hybridoma DNA? At the same time, 
however, they have raised the possibility 
that plasma cells committed to the 
secretion of IgD, unlike B cells transiently 
synthesizing the membrane form, may 
delete the u sequences So far, the evidence 
rests on a single rat plasmacytoma which 
secretes IgD and seems to have deleted the u 
gene Whether the deletion of u is really a 
normal concomitant of the terminal dif- 
ferentiation of IgD-secreting lymphocytes, 
or whether it simply reflects the notorious 
instability of constant region genes in 
cultured cells, ıt 1s too early to say It 1s not 
yet known, for example, whether the 
specialized switch sequences characteristic 
of the regions on the 5’ side of the u and y 
genes? are to be found between the mouse p 
and 6 genes, but Rabbitts ef a/® have 
sequenced most of the region between the 
human u and 6 genes without discovering 
any 

The deletion or otherwise of the u gene 
has, however, no direct bearing on the 
switch from membrane to secreted IgD, 
which 1s presumed to occur by the 
mechanism recently established for IgM 
Independent observations by Alt et a/ 7 and 
Rogers et a/® show that cells which are 
making both membrane and secreted IgM 
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contain u chain messenger RNAs of 
different lengths By examining cells ın 
which the two forms of p chain are 
synthesized ın different proportions, Alt et 
al were able to deduce that the longer of 
the two messages codes for the membrane 
(um) form Rogers eta/ hybridized the two 
messages with cloned genomic DNA 
contaming the u gene, and found that while 
both hybridize the coding sequence of the 
four major u domains, the longer one also 
hybridizes with a short segment on the 3’ 
side The same team went on to show’ that 
this short segment codes for a hydrophobic 
protein sequence whose characteristics are 
similar to those of known membrane- 
bound proteins 

Thus the secreted form of the protein 
(u,) 1s encoded by the four main p gene 
.segments, while the expression of the 
membrane form entails the addition of a 
further segment at the 3’ side This 3’ p, 
segment has a sequence characteristic of a 
splice site at the beginning of an exon at its 
5° end, but the matching splice sequence 
upstream occurs within the coding 
sequence of the Cu4 domain, followed by 
the coding sequence for the last 19 amino 
acids of the u, chain and a termination 
codon Early et al suggest on the basis of 
this organization that pn, the first antibody 
to be synthesized by a B cell, 1s produced 
from a long transcript extending to a poly- 
adenylation site beyond the pu, coding 
segment In the course of the processing of 
the transcript to mRNA the u, coding 
segment is eluminated as an intron, with the 
consequence that the termination codon ts 
also removed 

When the B cell matures into an 
antibody-secreting plasma cell, either 
transcription terminates upstream of the 
u,, segment or, for some reason, the 
4,segment is cleaved from the transcript 
In either case the u, sequence 1s retained in 
the mRNA and read until the termination 
codon 

Thus the class switch from IgM to IgD 
seems to work by a mechanism analogous 
to that which operates the switch from 
UmtO Ho and it has, incidentally, been 
pointed out that the u.-p, switch may 
automatically eliminate the production of 
IgD by IgM-secreting cells if transcription 
ends at the u, segment (see Fig 2) 

The organization and regulation of the 6 
coding sequences open two further 
questions, the first specifically about the 6 
chain and the second generally about RNA 
splicing 

The first arises from the fact that the 
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coding sequences as described by Liu et al 
can account for the shorter of the two 
known versions of the 6 chain but not for 
the longer version!® However, further 
sequences apparently coding for the 6 
chain have more recently been detected 
(but not yet characterized)!! further 
downstream, lending weight to the 
proposal of Liu et al that differential 
splicing may provide a family of different 6 
chains with different — and it must be 
confessed entirely unknown — functions 
The second question 1s that of the 
mechanism by which introns are eliminated 


from nuclear RNA Untilnow, the simplest 
scheme ~~ that the splice site at the end of 
each exon 1s paired with the matching 
sequence at the beginning of the next one 
downstream -— has also been consistent 
with the known data However, it plainly 
cannot account for the removal of the p 
exons from the large y—é transcript There 
is still a formal possibihty that such a 
combined transcript does not exist, but 1f it 
does, ıt will clearly represent a further 
strong incentive to molecular geneticists of 
immunoglobulin to devise a splicing sytem 
that will work in vitro 


Anomalous sputtering 


at high energy 


from PK Haffand L E Setberling 


WHENEVER a sufficiently energetic stream 
of particles ımpınges on a target, there 1s 
some probability that target atoms and 
molecules will be knocked loose from the 
surface This process of erosion on an 
atomic scale is called sputtering For 
incident 1ons 1n the keV per AMU range, the 
average number of target particles ejected 
per ion 1s called the sputtering yield, S 
Values of S in the range 1 to 10 are 
common Quantitative calculations of the 
sputtering yield in this regime are based on 
the idea of a collision cascade (a primary 
recoil target atom makes collisions which 
produce secondaries which in turn produce 
tertiaries, and so on), and predicted yields 
typically agree with experiment to within a 
factor of 2 or 3 

At higher-incident 1on energies, in the 
hundreds of keV per AMU to several 
MeV per AMU range, for example, the 
collision cascade predictions for the 
sputtering yield are small compared with 
unity However, recent experiments using 
high-energy 10n beams have shown that for 
some materials very large sputtering yields 
(S ~ 4,000 in some cases) exist when the 
collision cascade prediction 1s S«l 

At Bell Laboratories, Walter Brown and 
his collaborators! have shown that H and 
He ın the 100 keV per AMU range can 
sputter H,O ice at rates up to three orders 
of magnitude faster than those predicted 
according to the low-energy collision 
cascade calculations Moreover, at temper- 
atures below ~ 100K, the yield is 
independenz of temperature, and appears 
to be proportional to the square of the 
electronic stopping power, (dE/dx)? This 
1s to be contrasted with the energy depen- 
dence of the collision cascade, which 1s 
given by the nuclear stopping power 
(dE/dx), describing the energy loss of the 
projectile to elastic atomic collisions 
Evidently energy 1s transferred from the 
initial electronic excitation into kinetic 


energy of atoms, some of which escape as 
sputtered particles Brown and his 
colleagues favour an explanation based on 
the 10n explosion model Neighbouring 
atoms, partially stripped of their electrons 
by the passage of the projectile, acquire 
kinetic energy through their mutual 
Coulomb repulsion. Such a picture leads 
essentially to a (dE/dx)? prediction for the 
energy dependence 

An early prediction’, that in certain 
dielectrics the 10n explosion mechanism 
would lead to an anomalously high 
sputtering yield essentially proportional to 
(dE/dx)2, led to a series of experiments 
in the Kellogg Radiation Laboratory at 
Caltech by Joseph Gnffith* and Elizabeth 
Seiberling> These workers utilized beams 
of heavy ions (160, PF, 2°Ne) to bombard a 
dielectric target, UF, Sputtered?5U atoms 
were collected on mica, fissioned with 
thermal neutrons, and the resulting fission 
damage tracks in the mica counted to 
determine the yield S This sensitive 
technique® has allowed the Caltech group 
to determine the energy spectrum of 
sputtered particles as well as the 
dependence on bombarding energy They 
discovered that, for °F on UF,, the excita- 
tion curve had a much steeper dependence 
on energy than (dE&/dx)%, and that the 
energy spectrum of sputtered particles was 
essentially thermal at a temperature of 
3,500K To explain their data Setberling 
and co-workers have proposed a ‘ther- 
malized’ 10on explosion model, wherein 
Coulomb energy of neighbouring ton pairs 
1s transformed into random thermal kinetic 
energy of atomic motion of particles 
located along the ion path The model 
correctly gives the strong energy depen- 
dence of the yield, as well as the energy 
spectrum 
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The discrepancy between the energy 
dependence of S, as measured by the two 
groups, does not necessarily mean that one 
1s right and the other wrong The assump- 
tions underlying the thermalized ion 
explosion picture may breakdown for H 
and He bombardment where the ionization 
per unit length along the projectile track 1s 
considerably smaller than in the UF, 
experiments involving heavy ion 
projectiles 

Regardless of the precise nature of the 
mechanisms involved, enough has been 
learned to know that anomalous sputtering 
1s probably quite 1mportant ın the Solar 
System Extrapolating Pioneer spacecraft 
data and the Bell Laboratones H,O 
sputtering results, Lanzerott: and 
colleagues’ pointed out that over 
geological time significant erosion can be 
expected to have occurred on the icy 
satellites of Jupiter They argued that up to 
I km of ice may have been lost to space, 
that interplanetary ice grains would be 
destroyed in tens of thousands of years by 
sputtering by the solar wind’, and that the 
ice particles comprising the rings of Saturn 
may be substantially affected by 
magnetospheric proton bombardment? 
Work at Yale and Caltech has focused on 
the rate of erasure by sputtering of surface 
features, such as meteorite craters!°, on the 
sputter-induced formation of planetary 
atmospheres!!, and on the albedo changes 
of icy satellite surfaces due to differential 
sputtering of ice and embedded silicate 
grains!2-13 (which do not exhibit anomalous 
sputtering in the energy range considered) 

Itis clear that there are a large number of 
potential applications to problems in 
planetary science The range of 
experiments reported so far, however, 1s 
relatively small, so, with theoretical ideas 
requiring further development, much 
uncertainty 1s attached to calculations of 
planetary processes The Caltech energy 
spectrum suggests that energies of 
sputtered particles peak in the 03 eV 
range This 1s substantially less than the 
energy required by, for example, an O 
atom to escape into space from Ganymede 
Will H,0 exhibit a similarly soft spectrum? 
Probably 1t will, but until one can measure, 
or know enough of the mechanisms to 
estimate reliably, such quantities, ıt will be 
difficult to assess with confidence the 
detailed response of satellite surfaces to ion 
bombardment OQ 
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Spinning asteroids 


from David W Hughes 


ASTEROIDS spin with periods which usually 
lie between 5 and 12 hours although they 
can vary from 4 to 50 hours The values are 
obtained from observations of fluctuations 
in brightness Large variations are caused 
by gross changes in the projected cross- 
sectional area as seen from Earth (see the 
figure) and smaller variations by changes in 
the surface properties Over longer tıme 
periods, of the order of a year or more, the 
light curve shape alters according to 
variations ın the aspect angle — the angle 
between the line of sight and the asteroid’s 
spin axis Ideally these long-term variations 
should lead to an estimation of the 
asteroid’s shape 

Problems arise when interpreting the 
results because too few asteroids have been 
observed and observational selection 
effects must be removed These problems 
have been tackled by E F Tedesco, (Lunar 
and Planetary Laboratory, University of 
Arizona) and V Zappala (Osservatorio 
Astronomico di Torino, Italy) ın their 
recent paper in Icarus (43, 33, 1980) 

About 2,150 asteroids are known and of 
these 321 have known spin periods 
Tedesco and Zappala divide these into two 
groups —— 187 are members of families and 
the rest are main belt non-famuly asteroids 
Previous studies in 1973 and 1979 were 
based on a total sample of only 64 and 182 
asteroids respectively, so from this aspect 
alone Tedesco and Zappala’s work is a 
considerable improvement 

There are several fundamental selection 
effects ın asteroid light curve data Two 
main asteroid classes exist — C types which 
have a low albedo and are carbonaceous 
and S types which have a higher albedo and 
are silicaceous or stony-iIron in com- 
position Selection favours asteroids of 
high apparent brightness, which 1s 
equivalent to favouring the largest and 
nearest and the ones with highest albedo 
Unfortunately the C to S ratio varies both 
as a function of size and distance from the 
Sun Apollo and Amor asteroids are also 
unusual These have orbits which cross 
those of Earth and Mars Their mean 
rotational brightness amplitude 1s about 
05 magnitudes while comparable-sized 
main belt asteroids have amplitudes usually 
less than 0 2 magnitudes Members of the 
Appolo/Amor group are clearly more 
irregular and probably have a different 
evolutionary history to main belt asteroids 
Another selection effect is inherent in the 
photographic photometry used to measure 
small asteroids Usually observing periods 
of only 6 hours can be employed and 
variations of less than 02 magnitudes 
cannot be detected Sixty per cent of the 
observed asteroids do not reveal their 
spins, indicating that the spin period is too 
long or the asteroid too regular A further 
complication results from the fact that 


many small asteroids were specifically 
selected for observation simply because 
they were members of Hirayama families 
The family members have similar orbits 
and probably resulted from the fragmenta- 
tion of a single parent Removing the 
selection effects reduces the original data 
set of 321 to a final set of 134 
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A theoretical hght curve for a spinning 
asteroid showing how the brightness varies as 
a function of time P ıs the pertod The spin 
axis 1s perpendicular to the paper and the 
asteroid 1s viewed from B Position A 
represents a fixed place on the asteroid 


Tedesco and Zappala find that there ıs 
no clear-cut trend towards faster rotation 
for smaller objects This 1s contrary to the 
conclusions of previous researchers who 
regarded collisional fragmentation as an 
important contributor to the modification 
of spinrates While no definite relationship 
exists, the authors stress that the distri- 
bution 1s not entirely random Asteroids 
larger than 175 km have a mean rotation 
period near 7 hour compared with a 
10-hour period for smaller ones 

Considering asteroids with sizes between 
75 and 175 km they found that the S 
asteroids have a mean period of 9 4 hours 
whereas the C asteroids have a period of 
11 6 hours The difference between these 
values is only 16 times the standard 
deviation and the authors conclude that 
this ıs too small and thus the spin rate is not 
a function of type 

How do asteroid shapes vary as a 
function of size and compositional type? It 
has been shown that the spin axes of 
asteroids are fixed ın space and that it only 
takes about one million years to align the 
spin axis with the axis of maximum 
moment of inertia Studies also indicate 
that asteroid surfaces generally lack 
variegation in colour or albedo 
Unfortunately, shapes cannot be deduced 
directly from light curve amplitudes 
Tedesco and Zappala conclude that the 
very largest asteroids (diameter D >300km) 
have very low-amplitude variations 
(0 11+0 02 magnitude) There seems to be 
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an abrupt increase in amplitude as the 
diameter decreases below 200km (to about 
0.2140.01) Even so, the shapes of smaller 
asteroids do not become significantly more 
elongated with decreasing size 

A search for possible collision-induced 
effects revealed that asteroids found tn the 
zones of the asteroid belt which have low 
number densities do seem to have a higher 
value for the amplitude variation Unfor- 
tunately the relative numbers of the 
specific asteroid types vary as one moves 
from zone to zone and this further comp- 
licates the picture 

When it comes to asteroid families ıt 
seems that the smaller members of the 
families have higher spin rates than 
normal Larger family members (75<D 
<175km) are virtually indistinguishable 
from non-family asteroids 

The sigmficant conclusion of this inves- 
tigation is that there is a pronounced 


change in asteroid rotational properties at 
about 200km Asteroids larger than this 
seem to be primordial (at least ın the sense 
that they are not remnants of a larger 
disrupted parent body), nearly spherical 
and probably have prograde rotation 
Smalle: asteroids have random spin axis 
orientations and the population contains a 
higher proportion of slowly rotating 
objects It 1s interesting to note that the 
dividing diameter of 200km 1s strongly 
evident when the frequency—size relation- 
ship of asteroids 1s investigated. The mass 
distribution index of asteroids changes at 
this diameter 

Future progress ın the study of asteroid 
spin statistics and the effect of collisional 
evolution depends on the acquisition of 
more data. The picture will be a lot clearer 
if the number of asteroids with accurately 
measured spin periods could be increased 
by a factor of two or three. E 


Production and processing 


of prolactin 
from Alan D B Malcolm 


THE pituitary hormone prolactin (PRL) 
was for many years something of an 
enigma Its similarity to growth hormone 
both chemically (human PRL and human 
GH have 40 per cent of their amino acids in 
common) and biologically (in lower 
mammals PRL acts as a growth hormone) 
meant that its very existence in humans was 
disputed Advances ın protein purification 
and radioimmunoassay have now resolved 
this question and we are beginning to 
understand something about the factors 
controlling its synthesis and breakdown 
Controls seem to exist at many stages 
including transcription, RNA processing, 
translation, preprolactin processing and 
secretion together with nuclease 
degradation of RNA and proteolytic 
attack on the various polypeptides 

The mRNA for rat PRL was obtained by 
extracting the poly(A)-containing RNA 
from the pituitary after stimulation of the 
rat with diethylstilboestrol (Gubbins et al 
Nucleic Acids Res 6,915, 1979) This RNA 
was used to produce cloned copy DNA, 
which has since been used to identify 
genomic PRL sequences ın a rat genome 
‘hbrary’ The PRL gene contains four 
intervening sequences (Chien and 
Thompson Proc natn Acad Sc: USA 
77, 4583, 1980), one of which occurs in the 
5’-untranslated region The sequence of 
one of the genomic clones (Gubbins etal J 
biol Chem 255, 8655, 1980) shows that 
some of the intron sequences are repeated 
elsewhere in the rat genome It1sinteresting 
that although the coding lengths of PRL 
and GH aresimular and they both have four 
introns, the lengths of the introns are much 
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greater in PRL than m GH The total 
length of the PRL ‘gene’ 1s therefore 10 
kilobases compared with only 2 1 for GH 

Maurer and his colleagues (J biol 
Chem 255, 2243; 1980) have approached 
the problem of transcription and proces- 
sing of PRL RNA by isolating RNA from 
the nucleus and cytoplasm of pituitary 
cells The RNA was then electrophoresed 
through an agarose gel and transferred to 
diazobenzyloxymethy] paper Hybridiz- 
ation of the now immobilized RNA to 
32P-labelled cDNA revealed the presence of 
five PRL bands (7 0, 6 4, 3 8, 1 7and 10 
kilobases) in nuclear RNA but only one 
(1 0 kilobase) ın cytoplasmic RNA 
Presumably the different nuclear RNA 
species arise from ordered removal of the 
introns f 

The secretion of all the pituitary 
hormones 1s controlled by the hypo- 
thalamus In the case of PRL, dopamine 1s 
probably an important inhibitory factor 
and many dopamine agonists, such as the 
ergot alkaloids ergocryptine (EC) and its 
synthetic congener bromoergocryptine 
(BEC), will reduce overall PRL 
production EC 1s used clinically to reduce 
PRL levels in spite of slightly unpredictable 
side effects (New Engl J Med. 302, 749, 
1980). 

To investigate the stage at which EC 
regulates PRL production, Maurer (J 
biol Chem 255, 8092, 1980) has studied 
the decrease in both de novo PRL synthesis 
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and PRL mRNA in cultured pituitary cells 
after treatment with EC The very good 
correlation between the two suggests that 
EC acts either at transcription, RNA 
processing or RNA breakdown It 1s 
slightly odd that the decreases occur over 
20-100 hours which suggests that the 
mRNA may have a fairly long half life 
Interestingly though, EC affects PRL 
specifically (no other pituitary hormones 
are affected) and ıs 100 times more 
effective than is dopamine 

This picture 1s, however, somewhat 
confused by the finding that BEC increases 
the rate of breakdown of the hormone 
itself (Dannies and Rudnick J biol Chem 
255, 2776, 1980) Maurer (Biochemistry 19, 
3573, 1980) suggests that BEC blocks PRL 
secretion by the cells and the subsequent 
accumulation inside the cells results in 
increased proteolysis by lysosomal 
enzymes. The fact that chloroquine (which, 
reduces the rate of appearance of 
lysosomal enzymes in the cytoplasm) 
partially reverses this effect of BEC 
favours such an interpretation 

Hormone production can also be 
prevented by incubating the pituitary cells 
with hydroxynorvaline — an analogue of 
threonine which can be incorporated into 
protein Normal processing of preprolactin 
to PRL involves cleavage at the bond 
between residues 30 (normally threonine) 
and 31 Apparently the processing enzyme 
cannot hydrolyse this bond when threonine 
is substituted by hydroxynorvaline because 
the prehormone accumulates in the 
analogue-treated cells (Hortin and Bome 
J biol Chem, 255, 7051, 1980) 

Rossier and colleagues (Proc natn 
Acad Sct U.S A 77, 666, 1980) have 
shown that stress induces PRL synthesis 
and they believe that this arises from the 
stress-induced production of opiate 
peptides which are known to increase PRL 
levels 

More recent results (Denef et al Nature 
285, 243; 1980) have suggested that the 
action of dopamine ıs not quite as simple as 
was previously thought Although high 
levels (eluM) of dopamine do indeed 
reduce PRL, at much lower levels (¢1nM) 
dopamine actually stimulates PRL 
production 

The nature of the interactions between 
prolactin and the steroid hormones 1s still 
not clear Although oestradiol seems to 
stimulate PRL production, its metabolite, 
2-hydroxyoestrone, produces a rapid 
decrease 1n PRL levels (Fishman and 
Tulchinsky Science 210, 73, 1980) The 
hydroxylating enzyme ıs inhibited by the 
opiate agonists which stimulate PRL 
release and 1s activated by antagonists 
which suppress PRL This means that i 
vivo the opiates may affect PRL levels by 
their effect on the enzymes which 
metabolize the steroid hormones 

Clearly we still have some way to go 1n 
our attempts to understand how the levels 
of this interesting molecule really are 
regulated gog 
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Tropical soils and agrotechnology transfer 


from Ian Smalley 


MORE food needs to be produced in the 
third world, in the countries which are 
grouped in the tropical regions But the 
soils of the tropics often have a ‘variable 
charge’ character which makes them 
sufficiently different from most soils of the 
temperate regions that research in the 
developed world can not be directly 
applied The transfer of agriculture tech- 
nology between the developed and the 
developing world can thus encounter 
fundamental problems 

Various aspects of variable charge soils, 
and ın particular the problems of classifi- 
cation and of transfer of agricultural 
technology, were discussed at a recent 
meeting* at Massey University in 
New Zealand In variable charge soils the 
electrical charge on the particle surfaces, 
both ın magnitude and sign, can vary 
greatly with changes in the pH, 1on1c 
strength and composition of the soil 
solutions The variable charge nature of 
the souls arises from the abundance, in the 
clay fraction, of minerals having 
amphoteric (positive or negative) surfaces 
Prominent among such minerals are the 
oxides and hydrous oxides of aluminium 
and iron which may be crystalline, para- 
crystalline or poorly ordered The! 1 type 
layer sihcates, such as halloysite and 
kaolinite, also show amphoteric 
properties, associated with their relatively 
large exposed crystal edge surface On the 
other hand, the negative surface charge of 
2 1 clay minerals arises from extensive 1so- 
morphous substitution within the structure 
and hence 1s largely independent of pH 
Thus soils rich ın micaceous and similar 
minerals are said to be of constant or 
permanent charge. 

Besides having amphoteric surfaces, 
clay-size minteral constituents with 
variable charge generally have a low 
capacity to adsorb or retain nutrient 
cations in the range of pH and ionic con- 
ditions which prevail in natural soil 
systems For this reason, these constituents 
have been grouped together and referred to 
as ‘low activity clays’ Thus, souls rich in 
low activity clays are, in general, naturally 
infertile and this causes a major problem in 
tropical agriculture Although the 
amphoteric nature of some soils and soul 
constituents has been recognised for a long 
time, 1t 1s only relatively recently that its 
importance, in terms of soil processes and 
management, has come to be appreciated 
This 1s because soil research, as carried out 
in the developed countries of Europe and 
North America, has largely been directed 
to understanding the behaviour of 
temperate soils, many of which are of the 


**Soils with Variable Charge’ Conference Commissions 4-7 of 
the International Society of Soil Science, 11-18 February, 1981 
on Book (ed BK G Theng) publ NZ Soc Soil Ses 
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constant charge type The variable charge 
constituents, 1f they were not altogether 
ignored, were often regarded as contam- 
inants and removed from the system 

A common constituent of volcanic 
variable-charge soils 1s the clay mineral 
allophane (now widely believed to have a 
spherical structure see News & Views, 
Nature, 281, 339, 1979} Recent studies on 
allophane in New Zealand soils were 
reported by R Parfitt (NZ Soil Bureau) 
Allophane has been defined as a series of 
naturally occurring hydrous alumino- 
silicate clays, characterised by short range 
order and by the predominance of 81-O-Al 
bonds, and it appears to be made up of 
hollow spherules 3 5-5 Onm in diameter 
Spherules with a molar ratio close to 
Al/Sı=2 0 from Mt Egmont andesitic 
pumice have the proto-imogolite infrared 
spectrum This, together with X-ray fluor- 
escence, pyridine adsorption and silicate 
analysis data, indicate that the wall of the 
allophane spherule ıs made up of imogolite 
segments The fine tubular crystals of 
imogolite are also found in New Zealand 
souls 

Allophane (Al/S1 = 2 0) occurs ın several 
different environments in New Zealand. It 
1s the dominant clay mineral ın an Egmont 
soul formed from andesitic ash, in a Taupo 
soil formed from rhyolitic Taupo pumice, 
and in a Mairoa soul formed from rhyolitic 
ash In rhyolitic ash, allophane 
(Al/S1=2 0) 1s the dominant clay mineral 
where the annual rainfall exceeds about 
1,600mm Where the annual rainfall 1s less 
than 1,600mm, allophane and halloysite 
are the dominant clay munerals, with 
allophane decreasing and halloysite 
increasing in older tephras Halloysite is 
the dominant clay mineral in a Kereone 
soul, where the rainfall ıs 1,200 mm 

Allophane soils present a problem for 
mechanical analysis and clay recovery 
because at field pH or in acid media the 
positively charged allophane flocculates 
with any crystalline clay present by charge 
interaction, and ın alkali or calgon solution 
it 1s self-flocculatng by some unknown 
mechanism Studies of Scottish allophanic 
subsoils by H J Fullerton (University of 
Glasgow) showed that these behave like 
New Zealand allophane souls in that they 
flocculate by charge interaction when 
vibrated in water and contmue to floc- 
culate at all alkali pH values Unlike allo- 
phane soils, however, they deflocculate in 
calgon solution Alkaline flocculation 
appears to be not a rare property confined 
to allophane, but a common property of 
disordered clay surfaces 

The major technology transfer project 
discussed, the Benchmark Soils Project, is 
being applied to three soil types across the 
tropical world Three different soil families 
have been chosen for experimentation the 


clayey, kaolinitic, 1sohyperthermic 
Tropeptic Eutrustox (the terminology of 
the USDA-developed ‘soil taxonomy’ 
system is used), the thixotropic, isothermic 
Hydric Dystrandepts, and clayey, 
kaolinitic, 1sohyperthermic Typic 
Paleudults These soil families represent 
three different agrochmatic zones dry and 
warm (the Eutrustox), moist and cool (the 
Dystrandepts), and moist and warm (the 
Paleudults) The soils all have distinct 
variable charges which influence soil 
management and utilization G Uehara 
(University of Hawan) reported that 
technology transfer in 15 separate areas 
was being attempted, among these were 
selection of tree crops for windbreak, 
fuelwood and erosion control, suscepti- 
bility of salinization, and soil workability 
and trafficability 

The Benchmark Soils Project comprises 
two companion research contracts 
awarded to the Universities of Hawan and 
Puerto Rico in 1974 and 1975 by the US 
Agency for International Development 
The primary objective of the project 1s to 
test the hypothesis that agro-production 
technology, particularly soil management 
experience, can be transferred among 
tropical countries on the basis of sol 
families as defined in the system of soll 
taxonomy The project has established a 
research network that includes 23 experi- 
mental sites ın Brazil, Cameroon, Hawan, 
Indonesia, the Philippines and Puerto 
Rico The basic research strategy 1s to select 
soils belonging to the same soil famulies in 
widely separated geographical areas, 
subject these soils to identical and 
standardized experiments, and correlate 
the plant yields The transfer experiments 
are complemented by pragmatic manage- 
ment experiments and variety trials 
intended to expand the basic knowledge of 
crop production for each soul family 

R L Fox (University of Hawa) pointed 
out that m their attempts to replace the 
humus theory of plant nutrition with the 
inorganic nutrient theory, early naturalists 
assumed that ıt was only necessary to 
replace the nutrients removed in the 
harvest Phosphate reversion, K fixation, 
denitrification, soil erosion and leaching of 
nutrients were not sufficiently recognized 
We now know that a soil fertility 
programme that 1s content with returning 
nutrients exported ın the harvest 1s not suf- 
ficient at all This fundamental mistake has 
been repeated almost endlessly during the 
past century — most recently 1n the tropics 
Nowhere are the consequences likely to be 
so acute as on the weathered, variable 
charge souls which are abundant there. O 


Ian Smalley ıs with the New Zealand Soil 
Bureau, Lower Hutt, New Zealand 
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Interfering plants 


jrom Peter D Moore 


IN his classification of competitive 
strategies, Miller (Adv ecol Res 4, 1, 
1947; and Brookhaven Symp Biol 22, 63, 
1969) recognizes two major categories, 
exploiters and interferers The interferer 
has a large body size, a long generation 
time and 1s relatively independent of 
physical environmental factors Rather 
than evolving efficient mechanisms for 
resource exploitation, they substitute space 
for the resource and succeed by means of 
their capacity for the physical exclusion of 
potential competitors from the resource 
The concept was developed largely with 
certain vertebrate animals in mind, 
especially those exhibiting territorial 
behaviour 

There are also some members of the 
plant kingdom which deserve the ttle 
“nterferers’ In particular, those which 
assume dominance 1n stable ecosystems 
have characteristics which correspond to 
those of the interferer The substitution of 
space for a resource may be achieved purely 
by physical growth, or may be achieved by 
more subtle means The production of 
chemical inhibitors which curtail the 
growth of plant individuals of either the 
same or another species 1s one such 
mechanism Even more subtle 1s the 
process described by Rice and Pancholy 
(Am J Bot 59, 1033, 1972, see also 
Nature 254, 184, 1975) in which toxins 
from litter of grassland climax dominants 
ıs considered to mhıbıt the process of 
nitrification (the conversion of ammonium 
ions to nitrate in the soul) by suppressing the 
activity of the soil microbes Nitrobacter 
and Nitrosomonas Such a strategy would 
reduce the rate of nitrogen recycling and 
thereby slow down further ecosystem 
growth and vegetation succession 

This attractive and sophisticated 
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THE NEW MUSEUM OF NATURAL 
HISTORY 










The great terra-cotta building facing Cromwell Road, 
South Kensington, and occupying the site of the old 
1862 Exhibition, about which for the past twelve 
months public curiosity has been raised, 1s about to 
draw up its blinds, and offer a part of its extensive 
galleries for inspection on Easter Monday 


It is no secret that for thirty years past the accom- 
modation in the British Museum, Great Russell 
Street, Bloomsbury, ‘‘both for man and beast,” had 
become too restricted, and the necessity for a larger 
building was keenly felt As usually happens in such 
cases, the most adventurous and energetic officer was 
the first to obtain for his department what he 
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interference technique has, however, 
received little supporting evidence over the 
past few years Itis difficult to distinguish 
between direct chemical suppression and 
rather more complex interactions involving 
the depletion of other necessary resources 
(for example, phosphorus) or the overall 
reduction of pH, both of which could 
influence the rate of nitrification Jordan, 
Todd and Escalante have tried a technique 
of manipulative experimentation in the 
Amazonian rain forest (Oecologia 39, 123, 
1979) They added calcıum carbonate to 
the thick zoot mat on the forest floor and 
checked the leachate for nitrogen losses 
They observed an enhanced loss of 
nitrogen, but ıt was mainly in the form of 
ammonium ions, so the treatment had not 
stimulated nitrification They also noted 
that the pH of the drainage water was still 
as low as 4 5 and thus concluded that ıt was 
the low pH of the soil which was inhibiting 
the activity of the nitrifying bacteria 
However, they conceded that, since the 
leachate had the colour and consistency of 
tea, it could be the tannin from the leachate 
which was responsible for the suppression 
The deciduous forests of Missouri have 
provided opportunities for further analysis 
of the curtailment of nitrification Here 
Lodhı (Am J Bot 64, 260, 1977, 65, 340, 
1135, 1978) has shown a heterogeneous 
pattern ın the nitrogen levels of soils under 
different canopy tree species Ammonium 
10n concentrations were invariably higher 
than nitrate levels, the degree of excess 
being related to canopy species Also, there 
was an inverse relationship between am- 


Peter D Moore ts in the Department of Plant 
Sciences, University of London, King’s College 


required, namely, more room 

Si å Panizz: (then Keeper of Printed Books) 
projected, shortly after the 1851 Exhibition, his 
scheme for a great central Reading-room and 
Library, and some years later on, the Department of 
Antiquities, represented by Mr C T Newton, CB, 
also obtained an addition to its galleries on the 
western side, and still more recently on the southern 
side, next to the great Entrance Hall 


Great praise 1s due to Mr Bond, the present 
Principal Librarian, for putting an end to the use 
made of the fine colonnade in front of the British 
Museum, which for twenty-five years was blocked by 
antiquities covered in with a row of extremely 
unsightly and incongruous wood and glass sheds 
These are now happily removed The Department of 
Prints and Drawings lacking a gallery, obtained 
possession of the ‘*King’s Library” floor on the east 
side for an exfibition space, and even the conservative 
Coin Department likewise laid out for the publica few 
show-cases here of coins and medals 


But, like the clothes of the rising son, in the old 
caricature, the collections everywhere had outgrown 
their receptacle, and none more so than the 
departments cf Natural History Scientific men were 
however not unanimous, and a fierce controversy was 
carried on ın 1858-59 as to the relative merits of 
enlargement on the old site, or dismemberment 
Finally, after 2 Committee of the House of Commons 







monium ion concentration and the density 
of nitrifying bacteria in the soils Under 
some trees, such as American elm (Ulmus 
americana) and sycamore (Platanus 
occidentalis), the soils were of neutral pH, 
so one cannot resort to a low pH 
explanation for the suppression of nitri- 
fication at all these sites 

Lodhi has now backed up his contention 
that polyphenolic compounds can be 
involved in these woodland inhibition 
observations by his studies with 
Killingbeck (Am J Bot 67, 1423, 1980) on 
the ponderosa pine stands of North 
Dakota Here the soil pH 1s neutral to 
slightly alkaline (mean pH 7 25 in the A 
horizon and 7 75 in the C horizon) Once 
again, the ammonium 1ons considerably 
exceed nitrate 1ons and the population of 
Nitrosomonas and Nitrobacter were low 
He then added various extracts of 
ponderosa pine needles and bark to 
experimental cultures of these microbes 
and found that maximum inhibition of 
their activity (93 per cent) was achieved 
with aqueous extracts of the needles or with 
mildly alkaline soil hydrolysates Both of 
the extracts were rich in condensed tannins, 
which probably accounted for the 
inhibition 

Nothing 1s known of the mechanism of 
nitrogen uptake by ponderosa pine but 
Lodhi speculates that there would be 
considerable ecological advantages in its 
taking up ammonium rather than nitrate 
1ons In this way leaching losses of nitrogen 
would be reduced, energy would be 
conserved and the tree would benefit in 
terms of competition for the soil nitrogen 
resources More data 1s required before 
such speculations can be confirmed but, 
should they prove correct, Pinus 
ponderosa will effectively fit the Muller 
criteria defining an interferer Whilst 
satisfying its own requirements, 1t denies 
other organisms access to the soil nitrogen 
resource by allelochemic inhibition of 
nitrification C] 


Erratum 
In A tropical Volute shell and the Icarus 
syndrome from Jonathan C Howard 
(News and Views April 9, 290, 441, 1981) 
‘smulate’ was incorrectly printed as 
‘stimulate’ on p442, column 3, line 37 The 
correct sentence reads ‘‘C H Waddington® 
pointed out as long ago as 1942 that genetic 
modifications to adaptable systems can 
simulate the inheritance of acquired 
characters ” 





had taken evidence upon the subject, the removal of 
the Natural History Collections was decided upon by 
the Government 

But the death of the Prince Consort, the delay of 
the House of Commons to vote the necessary funds, 
the retirement of Sy A Panizzi from the post of 
Principal Librarian, the discussion of rival plans, the 
inevitable delays about the completion of any 
Government building, caused twenty years to pass 
before the plans of the chosen architect, Mr Alfred 
pacers were realised in a solid and material 
orm 
















From Nature 23, 14 April, 549, 188] 
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3 REVIEW ARTICLE 


Dynamics, diffusion and geomorphological 
significance of tidal residual eddies 


J. T. F. Zimmerman 
Netherlands Institute for Sea Research, PO Box 59, Texel, The Netherlands 





Many shallow tidal areas show the occurrence of ebb and flood surplusses, organized in cell-like 
structures or ‘tidal residual eddies’. They seem to arise from a nonlinear transfer of vorticity from the 
oscillating tidal field to the mean field, the irregular structure of the bottom topography or the coastline 
acting as a catalyst to produce the necessary vorticity gradients. The dynamical characteristics of the 


eddies assist our understanding of the geomorphology of the sea bed. 


VAN VEEN’S review’ of the hydrography of the Straits of 
Dover and its influence on the morphology of the Dutch coast 
stimulated much research on the connection between tidal 
currents and a variety of coastal geomorphological features 
Much attention has since been given to the occurrence of linear 
or parabolic sand ridges in tidal areas, such as the Flemish Banks 
in the Southern Bight of the North Sea We now know that 
nearly all shallow tidal areas where oscillating currents exceed 
some critical speed (0 5ms_') and where sand 1s present, are 
sites at which these ridges can be found (see Fig 1)* Tidal 
currents in the vicinity of these ridges are generally asym- 
metrical in that at some places more water seems to be displaced 
in the direction of the flood current (a flood surplus) whereas the 
reverse occurs elsewhere (an ebb surplus) These surplusses, 
called residual currents, are often organized ın cell-like struc- 
tures or ‘residual eddies’ (see Fig 2) Yet, although these 
features have long been recognized, the underlying physical 
dynamics of residual eddies in connection with tidal sand ridges 
have only recently become understood 

The dynamics of residual eddies occurring ın geomor- 
phological conditions other than tidal sand ridges, such as the 
generation of residual eddies by headland promontories or by 
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narrow tidal inlets along the coast and the organization of ebb 
and flood surplusses by the gross geometry of half-enclosed tidal 
embayments, have also been extensively investigated 
Although, at first sight, 1t seems that different mechanisms are at 
work in each geomorphological setting, it ıs shown here that the 
formation of residual tidal circulation can in each case be 
understood as a transfer of vorticity from the tidal oscillating 
current velocity field to the mean (residual) field, though the 
way in which tidal vorticity and tidal vorticity gradients are 
produced in the first instance differ 

Although we now have a good understanding of the fluid 
dynamical response of an irregular sea bed or coastline to the 
tidal current regime, we are still far from having a satisfactory 
theory for the interaction of tidal currents and morphological 
structures concerned, that 1s, a complete explanation of how the 
morphology 1s both being shaped by, and gives shape to the 
current velocity field However, the recently developed physical 
description of tidal residual circulation gained by observations in 
the field, by hydraulic or numerical modelling and, principally, 
by theoretical analysis may provide a basis for such a theory and 
may also help our understanding of the contribution of residual 
eddies to diffusive transport processes ın tidal areas 


2000 MILES 


Fig 1 The worldwide distribution of tidal current ridges according to ref 4 
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Fig. 2 A string of current meters produces, after averaging the mstan- 

taneous velocity u(f) over a tidal cycle, residual current vectors (>) tangen- 

thal to which a residual streamline ¥ 1s drawn The instantaneous velocity 

vector can be decomposed into a component u tangential to Z and a 
component u, perpendicular to Z 


Vorticity dynamics 
The relevance of vorticity to residual eddy dynamics can readily 
be appreciated if the concept of circulation, which can easily be 
visualized and has a close connection with vorticity, 1s intro- 
duced as a measure of eddy strength 

* Figure 2 shows a hypothetical string of current velocity meters 
in a quasi two-dimensional (horizontal) tidal velocity field A 
simple time-dependent velocity field 1s assumed At each posi- 
tion the velocity has two components one which is strictly 
periodic in one of the basic tidal frequencies, o, and the other 1s a 
time-independent residual The current meters are supposed to 
produce non-vanishing residual-velocity vectors (tidal 
averages), tangent to which a curve ¥ 1s drawn The curve itself 
represents a residual streamline, its shape suggests the presence 
of a residual eddy ın the field The instantaneous velocity vector 
at each point of £ 1s 


u(t) = u(t) +u (t) (1) 


where uand u, are components tangential and perpendicular to 
£ respectively Denoting tidal averaging by ~, we have by 
definition of L and ın view of the simple time dependence of the 
velocity field 

ü, =0, 


u, =u; sinfot+¢,), 


ü= ü (2) 


u= Uy + uj sin(ot + hy) 


where ġ, and d¢, are arbitrary phase angles To get some 
measure of the eddy strength, the circulation, C, around £ 1s 
now defined by the contour integral 


Ci(t)= $ u(t) dl =6 u(t) di (3) 


By Stokes’ theorem this integral equals an integral over the 
surface A enclosed by L 


c= || w dA (4) 


A 


where w, the vorticity of the current velocity field, can be 
interpreted as the ‘spin’ or twice the angular velocity around a 


vertical axis of an infinitesimal fluid element inside Z Now, 
taking tidal averages, the residual circulation reads ~ 


me E=dmat=|| aaa 


A 


(5) 


Thus, 1f residual circulation around a closed curve ın a tidal area 
is positive (anticlockwise or cyclonal) or negative (clockwise or 
anticyclonal) then, on average, a distribution of negative or 
positive residual vorticity (‘spin’) of the fluid elements inside the 
area exists over the area enclosed bythe curve , 

To find when tidal regions exhibit areas of non-vanishing tidal 
average vorticity we need to look more closely at the equation of 
motion of a quasi two-dimensional homogeneous fluid flow in a 
rotating frame of reference 


E 


ð ' MD ae 5g z 
a ={f+o}gxu+ Vg + u?/2) 
local acceleration = -> 


Coriolis + vortex force + dynamic pressure gradient (6) 
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(linearized) bottom friction + horizontal turbulent momentum 
exchange 
t 


The local acceleration at a particular position in the field equals 
the sum of the forces ın the right-hand side of equation (6), f _ 
denoting the Cortolis parameter (the planetary vorticity), g, the 
acceleration of gravity, ¢, the departure of the sea surface from 


its mean position, r, a bottom friction parameter, D, the water - 


depth, and y, a turbulent viscosity coefficient Neglecting the last 
term ın equation (6) the equation of motion ıs readily trans- 
formed into an equation for the circulation around Z, which 
reads 


r 
=d (f+w)u.dl-2C (7) 
The residual circulation 1s obtained by averaging equation (7), 
over a tidal cycle 


TORO dl : : 
Č ERI Snemeimannmammenmememeneeneeee EE 
r/D (8) 
_ tidal mean flux of vorticity through g f 
x relaxation time scale of bottom friction 


Thus a non-zero (residual) circulation around ¥ 1s produced if, 
when averaged over the tidal cycle, there is a net flux of vorticity 
into the region enclosed by the curve (a net outflux 1s equivalent 
to a net influx of vorticity of opposite sign) ‘Such ‘pumping’ leads 
to the build-up of positive or negative residual vorticity, ult:- 
mately balanced by the dissipation due to bottom friction, or, 
had we included that effect in equation (7), to horizontal 
turbulent vorticity diffusion Note that wiz, dl, having dimen- 
sions [L*7~], can be interpreted as a stress (momentum flux), 
often called the ‘tidal stress’ É Hence the residual vorticity flux 
can be thought of as the analogue of a time-independent 
tangential stress exerted along the boundary of the water 
column inside L, which therefore tends to spin-up 

For a non-vanishing residual circulation we need to. both 
produce vorticity somewhere tn the field and achieve a net flux of 
vorticity through a closed curve over a tidal cycle Thus, whereas 
the condition necessary for residual circulation, expressed by 
equation (8), ıs now revealed physically, how does such a net flux. 
arise? Mathematically, if u,Xsinfof+d,) and œf 
sin(ot +), itis the phase difference ¢, — y that determines sign 
and magnitude of the pumping term wH If 6, — is near to 0 or 
q that ıs if u, and w change sign approximately at the same 
moment in the tidal cycle, then conditions are favourable for the 
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Table 1 Observed orders of magnitude of residual vorticity 
na a oe dc ee a a 


Interpretation 
measurements Velocity 
Area supported by (ms~*) 
a Current measurements 
Kasado Bay Japan Numertcal®/hydraulic’ *® model 01 
Minas Basin Bay of Fundy Numerical!’ model 02 
Portland Peninsula Numerical model 03 
English Channel 
Norfolk sand banks Analytical model/bottom 0i 
North Sea topography 
Wadden Sea Bottom topography 01 
Cook Inlet Alaska 02 
Southern Bight Analytical model/bottom 001 
North Sea topography 
Prototype 
b Numencal models 
Kasado Bay 001 
Start Point Promontory 03 
English Channel 02 
Southern Bight North 005 
Sea 
Southern Bight North 01 
Sea 
c Hydrauhc models 
Kasado Bay 0 01 
Seto Inland Sea 0 15* 


Values are overall estimates, subject to considerable uncertainty 


* Model result rescaled to the prototype, eddy types are in accordance with Fig 3 


buildup of residual vorticity Figure 3 indicates when such 
favourable conditions are met, summarizing the different situa- 
tions dealt with recently We classify these situations according 
to the geomorphological background i 

(1) Residual basin circulation (Fig 3a, refs 7-9) ıs the 
simplest example of tidal residual circulation and 1s given by the 
distribution of ebb and flood surplusses, generated by frictional 
boundary layers in a semi-enclosed basin In such a basin the 
tidal-current velocity diminishes both towards the back wall 
and, by friction, towards the side walls By the latter process 
vorticity 1s generated, the sign of which 1s opposite at both sides 
of the basin and changes with the current direction As the tidal 
current decreases towards the back wall, at the left-hand side of 
the basin, during the flood, more anticlockwise vorticity 1s 
brought into the heavily drawn curves near the entrance than 1s 
transported outwards near the back wall During the ebb more 
clockwise vorticity ıs brought out, which ıs equivalent to an 
influx of anticlockwise vorticity Thus, averaged over the tidal 
cycle there 1s a net influx of anticlockwise vorticity resulting in an 
anticlockwise residual circulation along the heavily drawn curve 
in the left-hand side of the basin The opposite occurs on the 
right-hand side where a clockwise residual circulation 1s set up 
Thus a flood surplus exists in the middle of the basin and an ebb 
surplus along the sides 

(2) Headland eddies (Fig 3b, refs 10-12)—along a coastal 
promontory the tidal flow is accelerated and decelerated in the 
current direction and has a maximum near the headland 
Concurrently a frictional boundary layer develops diminishing 
the current velocity towards the coast Thus vorticity 1s produced 
along the coast with its sign alternating between the ebb and 
flood stages of the tide As the vorticity 1s largest near the 
headland there 1s a net flux of clockwise vorticity into the upper 
heavily drawn curve and out of the lower one when the current 
direction 1s upwards, during the flood, for example During the 
ebb, the situation does not reverse because of a net flux of 
anticlockwise vorticity out of the upper curve and into the lower 
curve, which 1s equivalent to the situation during the flood 
Hence there 1s a net flux of clockwise vorticity into the upper 
curve and of anticlockwise vorticity into the lower curve, giving 
rise to a vortex pair of opposite sign at both sides of the 
promontory 

Note that by placing at the left-hand side of Fig 3b 1ts mirror 
Image, a quadruple vortex system 1s obtained which represents 


Eddy characteristics Tidal 
Length velocity 
scale Vorticity amphtude Eddy 
(10° m) (67) {m s7*) type Refs 
2 5x105 4107 a 44 
8 3x105 15 b 45 
30 1075 ? b 11,21 
30 3x107° 1? c 13 
5 2x105 09 at/e 24, 33 
10 2x10 15 c? 17 
40 1077-1076 07 c 18 
5x107? 2x107? § 10°? a 8 
(1075*) 
4 <1074 1 b 12 
20 <1075 1 b 22 
15 3x1078 1 c? 5 
20 §x 107° 07 c? 23 
5x10 2x107? 51073 a 7,19 
(107**) 
20* 107°* 1 b 6,20 


the situation close to a sudden narrowing of a tidal channel, as 
often occurs near inlets connecting tidal channels and the open 
sea 

(3) Sand ridge eddies (Fig 3c/d, refs 13-16)—-when a tidal 
current crosses a submarine sand ridge, the flow 1s accelerated 
going up the slope and decelerated going down the slope 
Consequently a water column experiences a slightly higher 
Coriolis force on 1ts shallower side than on its deeper side Thus 
a ‘Coriolis torque’ exists on the column having opposite sign at 
both sides of the ridge, and, at the same side, at both stages of the 
tidal period A torque 1s also produced by bottom friction, the 
latter being stronger at the shallower side of a fluid column Both 
torques reinforce each other if the ridge 1s inclined anticlockwise 
with respect to the tidal current (Fig 3c), whereas they coun- 
teract in the opposite case (Fig 3d) Taking a curve around the 
ridge, it ıs obvious that ın case (c) there ıs a net influx of 
clockwise vorticity or, equivalently, an outflux of anticlockwise 
vorticity produced by both torques during the flood (current 
velocity upwards), assuming that vorticity production 1s quasi- 
static, that 1s the instantaneous sign of vorticity ıs the same as 
that of the apphed torque The same occurs during the ebb 
(current velocity downwards), so that a residual influx of clock- 
wise vorticity produces a clockwise residual circulation around 
the ridge In case (d) the same applies to residual circulation 
related to vorticity production by Coriolis torques but the 
reverse applies to the residual circulation produced by bottom 
frictional torques, the latter now giving rise to anticlockwise 
residual circulation As both mechanisms counteract, a weaker 
net circulation may be expected compared with case (c) Of 
course, this applies to situations in the Northern Hemisphere In 
the Southern Hemisphere ridges inclined clockwise with respect 
to the tidal current would be expected to show reinforcing of 
both mechanisms 


Scale effects 


Are residual eddies of all sizes equally probable or are eddies of 
a specific horizontal extent preferred dynamically? This ques- 
tion, relevant to the geomorphology of the sea bed, has only 
previously been answered'*’* for the production mechanisms 
shown in Fig 3c, d, that 1s residual eddies produced by depth 
gradients ın the open sea Consider a test topography (Fig 4a) 
consisting of a regular series of humps and bumps with a height 
or depth h below the mean depth H and a horizontal wavelength 
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L The tidal current 1s characterized by a velocity amplitude U 
and the frequency e, which produce a length scale, the ampli- 
tude of horizontal tidal excursion, l 


l=U/o (9) 


Together, tide and topography are now characterized by two 
non-dimensional parameters, a relative depth h/H and a 
wavenumber, A 


ae 2ml m X tidal excursion (10) 
L topographic wavelength 


The ratio v of the residual speed around a curve enclosing a 
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Fig. 3 The baste production 
A mechanisms of residual 

circulation in tidal currents 
through sidewall friction 
(a, b) or through Coriolis and 
bottom frictional torques 
(c,d) a, Rectilimear tidal 
currents in a semi-enclosed 
basin are shown by solid 
arrows for the flood period 
and dashed arrows for the ebb 
pernod The currents decrease 
both towards the end of the 
basin and towards the side 
walls Vorticity generated by 
side-wall friction 1s shown by 
solid circles for the flood 
period and dashed circles for 
the ebb period The vorticity 
has opposite signs at both 
sides of the basin and 
diminishes towards the back 
wall The resulting residual 
circulation 1s shown by heavy 
streamlines $, Tidal currents, 
tidal vorticity and residual 
circulation in the neighbour- 
hood of a headland promon- 
tory have the same symbols as 
in a Tidal currents are largest 
near the headland and 
decrease towards the coast 
Tidal vorticity therefore has a 
maximum near the headland 
c,d, A submarine sand ridge 
1s shown by ellipsoidal dashed 
depth contours, + represents 
the top of the ridge Rect- 
linear tidal currents, solid 
arrows for the flood period, 
dashed arrows for the ebb 
period, cross the ridge, which 
in c is inclined anticlockwise 
with respect to the current 
and clockwise in d By the 
presence of bottom depth 
gradients both the Coriolis 
force and bottom friction 
produce torques at a fluid 
column as shown by the open 
arrows for the former and 
solid arrows for the latter The: 
situation during the flood 
period ıs only shown for the 
left-hand side of the ridge and 
during the ebb period only for 
the right-hand side The 
bottom frictional torques 
change sign if the inclination 
of the ridge changes from 
anticlockwise to clockwise, 
whereas the Coriolis torques 
remain unchanged The 
resulting residual circulation 
around the ridge ts shown by 
solid and open arrows, 
parallel to the depth contours, 
the arrows denoting respec- 
tively circulation produced 
by the bottom friction 
mechanism and by the 

Coriolis mechanism 
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hump and the amplitude of tidal velocity 1s** *° 
ü h 
ae 11 
oT 8M) (11) 


The weighting function g(A)1s shown ın Fig 4b for both vorticity 
production mechanisms—Coriolis and bottom frictional 
torques An interval of length scale ratios centred around A = 1 
leads to a strong resonance in terms of residual tidal velocity 
The latter falls off rather rapidly for both smaller and larger 
length scale ratios This is because for very large topographic 
length scales vorticity gradients in the field vamish, so that no net 
flux of vorticity into a closed curve can be produced For very 
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small length scales fluid columns experience during the tidal 
cycle such a rapid sign reversal of the vorticity production 
mechanisms that effectively no vorticity can be built up, so that 
no vorticity can be transferred to the mean field The ‘resonance 
peak’ 1s reflected in the asymptotic behaviour” of g(A) 


A)CX, A>0 
g(a) 2 12) 
g{A)XA™, A> 
Hence, ın view of the definition of A, 
h 
ucUu’—L", a-0 
. (13) 
woe L, À -> 00 


Thus, whereas the residual velocity increases with the square of 
the tidal velocity amplitude for large topographic length scales, 
it becomes independent of U for smaller length scales 


Observations and model studies 


Very few direct measurements of residual eddies exclusively 
from current velocity data exist, the evidence 1s usually indirect 
in that current velocity observations of eddy-like structures are 
complemented by knowledge about the bottom morphology or 
coastal geometry, or by modelling of the flow field This par- 
ticularly applies to the spatial structure of the eddies where, for 
complete spatial coverage ın a rather small area, a very large 
array of instruments would have to be used simultaneously The 
former difficulty can ın principle be overcome by a new method 
of surface current measurements using Bragg scattering of 
HF-radar rays, used for the observation of surface wind waves 
The surface current component in the radial direction from the 
antenna can be determined by observing the Doppler shift in the 
phase velocity of the waves By using two antennas some 
distance apart the complete velocity vector can be measured 
Hence an area of ~2,500 km? can be mapped with a high 
resolution in time and space, allowing residual currents to be 
detected by averaging the observed velocity field in time over 
the dominant tidal period(s)'’ At present, however, its 
accuracy, ~+ 10 cm s™* for an individual current speed deter- 
mination, means that the method 1s only successful for residual 
currents ıf the associated tidal currents exceed a value of 1 m s~}, 
say, as the residuals are usually <10% of the tidal currents 
proper 

Important parameter values of residual eddies are shown in 
Table 1, where the crucial parameter 1s the residual vorticity, 
which can vary over some orders of magnitude, from 10~* to 
1077 s~', generally decreasing from the coastal zone to the open 
sea It never seems to be larger than the so-called planetary 
vorticity (the Coriolis parameter), f, which at mid-latitudes 1s of 
the order of 107*s~' This may just be coincidence for basin or 
headland eddies (Fig 3a, b), but can easily be explained for 
sand-ridge eddies (Fig 3c, d) where the Coriolis force has an 
important role In that case the residual vorticity is, ın fact, 
derived from the planetary vorticity by vortex stretching and 
thus 1s unlikely to be larger than ıt Typical associated velocities 
lie between 1 and 10 cms’ and length scales between 3 and 
30 km 

In contrast to the eddy properties inferred from current 
measurements ın the sea, results obtained exclusively from 
numerical or hydraulic modelling should be interpreted with 
care, as the appearance of eddies ın these models depends 
critically on the basic equations, the boundary conditions and 
the grid size used ın a numerical model and on the scaling used ın 
a hydraulic model 

Analytical theories tend to use highly simplified geometries 
such as a rectangular basin’, a linearly sloping bottom”? or a 
bottom consisting of a superposition of plane horizontal 
waves'*}5"8 Although these approximations contain the basic 
physics, simulating the tidal velocity field, in particular the 
residual field, would enable us to cope with complicated situa- 
tions that cannot be handled analytically This can be done 
either by direct simulation in a hydraulic scale model or by 
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numerically solving the nonlinear equation of motion, (6), on a 
grid covering the investigated area, for some suitably chosen 
boundary conditions 

Successful hydraulic scale modelling depends critically on 
whether all dominant terms in the basic equation are scaled in 
the same proportion (similitude) If not, the flow field of the 
model 1s likely to be distorted compared with the field in 
the prototype For residual eddies, only hydraulic models for the 
side-wall friction mechanism (Fig 3a, b), not incorporating 
rotational effects, have been described for an enclosed basin’ *” 
and for eddies produced by headlands or islands in the Seto Sea 
(Japan)° *° Similitude may be expected 1f the Reynolds number, 


UL, Ls 

L 
based on the ratio of vorticity advection and vorticity diffusion, 
is the same in model and prototype, U being the tidal velocity 
amplitude, L the headland or basin dimension, v the horizontal 
turbulent viscosity and L, the thickness of the frictional boun- 





R.= (14) 


dary layer Because L & (r/o), where o ıs the tidal 
frequency, this leads to similitude of 
U tidal excursion 
Re = — oO oA (15) 


Again, the ratio between tidal excursion and topographic length 
scale ıs the basic dynamical parameter The influence of the 
Earth’s rotation makes hydraulic simulation much more 
complicated for the mechanisms displayed ın Fig 3c, d because 
here, as in the prototype, the model should rotate No results 
have yet been reported 

Numerical modelling results are only known 
situations which belong essentially to the mechanisms of Fig 
3a, b Side-wall friction 1s sometimes effectively produced by 
introducing a bottom sloping upwards to the coast, otherwise a 
no-slip condition at the boundary 1s applied Anyhow, decreas- 
ing velocity towards the side-walls 1s crucial in this case because 
the absence of such velocity gradients means that no vorticity 1s 
present in the velocity field, so that no residual circulation can be 
built up Along the boundaries these gradients are either 


8 10-12 21 22 for 





Table 2 Inventory of linear tidal sand ridges according to ref 4, together with 
tidal current velocities and length scale ratios A, assuming that tides are pre- 
dominantly of the semidrurnal lunar type (M3) 





Average 
tidal 
4 Average current 
ridge velocity 
length amphtude 
Area (103m) {ms} À 
Great Bahama Bank 225 075 15 
Rio Amazon 54 0 25 21 
Sao Luiz do Maranhao (Brazt)) 135 12 50 
Malacca Strait 315 15 20 
River Gambia to River Jeba (Africa) 150 075 13 
Yalu River to Taech’ong Kudo 720 10 06 
Wa Chiu Hsu to Tung-yin Shan 675 05 03 
Keppel Isles to Whitsunday Island 18 0 10 25 
(Australia) 

Prince of Wales Channel 135 05 17 

135 10 33 
Persian Gulf 540 05 03 

540 10 03 

135 11 38 
Southern Bight North Sea 495 07 06 
Dover and Calais 270 11 18 

210 08 17 

210 08 17 

145 08 25 
Rio Guayas Ecuador 13 5 ee 33° 
Bahia Blanca Argentina 120 07 24 

120 05 19 
Gulf of Maine/Georges Bank 36 0 10 13 
Kuskokwim Bay, Alaska 270 09 15 

315 08 11 
Nyshagak Bay, Alaska 180 12 29 
Overall averages and 29 0 09 19 
standard deviations £19 +0 4 +12 
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supplied by viscous friction at the wall or by differential bottom 
friction over a bottom sloping perpendicular to the wall Hence a 
no-slip condition 1s essential when bottom slopes near the wall 
are absent or weak? This condition 1s often not met in numeri- 
cal modelling of tidal currents Such models therefore do not 
produce residual eddies by the side-wall frictional mechanism, 
though they may be present ın the prototype Numerically it 1s 
not difficult to keep the Coriolis acceleration in the model, but its 
effect on eddies produced by side-wall friction seems to be 
minor’® 

Finally, although there are no specific results from numerical 
modelling of the bottom slope mechanisms (Fig 3c, d), some of 
the residual eddies appearing in tidal models, such as those of 
the North Sea°’”?, should be ascribed to these mechanisms 
However, the grid size of these models 1s generally much larger 
than the amplitude of the tidal excursion Thus, the shape of the 
weighting function shown in Fig 4b suggests that the optimum 
topographic length scales for production of residual circulation 
are not resolved by such models Residual circulation then only 
appears if the bottom topography fluctuates strongly on larger 
length scales and, ın fact, ıt ıs ın such a case that the models 
mentioned show residual circulation Hence much of the fine 
structure in the residual field may be suppressed by choosing too 
large a grid size This indicates that the curves in Fig 4b imply a 
criterion for the set-up of a suitable grid for the numerical 
calculation of residual circulation’, provided the bottom topog- 
raphy 1s properly reproduced on all length scales from the grid 
scale upwards Residual circulation induced by the topography 
cen be modelled successfully if the grid size 1s of the order of, for 
example, half the tidal displacement, ın which case most of the 
responsive scales in terms of residual velocity are covered A 
much smaller grid would be more time consuming in the 
computation without showing much more structure tn the resid- 
ual velocity field On the other hand, a larger grid size does not 
resolve the optimum scales where eddies may be found 


Residual eddy diffusion 


Tidal currents carry waterparcels only to and fro or around ina 
closed orbit No waterparcel can escape these predetermined 
pathways unless some other velocity component allows a jump 
from one tidal pathway to another If these jumps occur 
randomly, the rate of change of the spread of an ensemble of 
waterparcels can be used to define an effective diffusion 
coefficient Normally, in a turbulent fluid, such a coefficient can 
be expressed in the velocity and length scales of the largest 
turbulent eddies present in the flow Thus, of course, also applies 
to turbulent tidal flow regimes, where residual eddies constitute 
the largest scales, though ıt 1s not a priori clear that such eddies 
diffuse matter in the same way as real turbulence does Never- 
theless, ıt ıs tempting to assume that the horizontal ‘residual 
eddy diffusion coefficient’, Ke, can be expressed as 


K.= căL (16) 


where u and L are characteristic residual velocity and length 
scales This expression has little use unless the dimensionless 
constant, c, can be estimated For two areas, the Seto Inland Sea 
in Japan® and the Dutch Wadden Sea’®**?5, this could be 
achieved by estimating K. from the salinity budget of the area 
and, independently, by estimating characteristic values for u and 
L from the current velocity field For the Seto Inland Sea c 
appeared to be of the order of 0 4-0 5, whereas for the Dutch 
Wadden Sea values between 05 and 20 were obtained, 
compatible with diffusion coefficients of the order of 
1,500 m? s™* and 400-1,500 m? s™* respectively Thus, if equa- 
tion (16) 1s a correct expression for K., c seems not to be a real 
constant, but must depend on (an) additional parameter(s) A 
guess’°**7° is that these parameters are the velocity and length 
scale ratios A and v encountered previously (equations (10) and 
(11)) Different values of c may then be explained by these ratios 
(particularly A) varying between areas Table 1 shows that 
representative ranges of v and A are 01-02 and 05-30 
respectively The few theories’®7**° which explain the depen- 


dence of c on v and À then give a range of 0 2~2 0 for c, which 1s 
of the same order as of the values derived empirically from the 
salinity budget ın the case studies mentioned previously 


Geomorphological implications 


The shape of the coastal geometry or the bottom morphology 
seems to be important to any tidal residual eddy theory, but 1s 
there also a reverse effect of the residual eddies on the 
morphology, does any specific shape of the morphology depend 
on the characteristics of residual eddy circulation? Such a 
connection is most obvious for eddies of the type shown in Fig 

3c,d@ The bottom morphological structures involved are the 
so-called ‘linear tidal sand ridges’, the worldwide appearance of 
which has been reviewed in ref 4 Table 2 contains information 
about tidal velocity amplitudes for the areas discussed ın ref 4 
together with estimates of the length scale ratio A—the 
fundamental parameter in residual eddy dynamics The average 
length of the sand ridges 1s 29 + 18 km, whereas the average tidal 
velocity amplitude ıs 09+04ms™ More relevant ıs the 
average value and spread of A, which reads 1 9+12 As Fig 4b 
shows this 1s exactly the range where maximum response of 
residual circulation can be expected More recent studies”? of 
areas notincluded ın ref 4 show the same order of magnitude for 
the length of the ridges relative to the tidal excursion amplitude 

The observation that the value of A, on average, coincides with 
that for maximum response of residual circulation around the 
ridges, suggests that during their formation the ridges somehow 
adjust their shape so as to maintain the largest possible residual 
velocities around their contours This suggestion 1s intensified by 
the observation”??? that linear sand ridges are not exactly 
aligned along the major axis of the tidal current ellipse, but are 
offset in an anticlockwise direction (8-15°) as far as ridges on the 
Northern Hemisphere are concerned (no observations are at 
hand of ridges on the Southern Hemisphere but these must show 
the reverse effect, clockwise inclination) As shown 1n Fig 3c, d 
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Fig 4 a, A test topography consisting of a regular series of humbs and 
bumps of height (+) or depth (—)A below the mean depth H The wavelength 
L should be compared with the amplitude of tidal excursion / The weighting 
function g{A) (refs 14, 15) for the Coriolis effect (solid curves) and for the 
bottom frictional effect (dashed curves), both for two values of the inverse 
bottom friction time scale r/ H in equation (6), r/H = 1074 s7* (the highest 
solid and dashed curves) and r/H = 107757! (the lowest solid and dashed 
curves) Note that for both vorticity production mechanisms g(A) has a 
maximum for A in the range 1-5 The position of the maximum shifts to 
higher values of A for increasing bottom friction coefficient or, equivalently, 
for decreasing mean water depth 
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the ridges inclined anticlockwise with respect to the tidal current 
direction produce the largest response of residual circulation, as 
in that case bottom friction 1s reinforcing the Coriolis effect in 
setting-up a clockwise circulation around the bank The 
geomorphological evidence shows, therefore, that both length 
scale and inclination of the ridges relative to the tidal current are 
generally such that maximum residual circulation around the 
ridge 1s produced, suggesting that this is necessary to maintain 
the ridge shape, which otherwise might degrade in the presence 
of other flattening or erosive processes This may have some 
bearing on the interpretation of palaeo-environments, as these 
ridges are also observed tn areas where a strong tidal influence 
no longer exists or where such ridges are buried under more 
recent sediments”’*’ For instance, the relict linear ridges found 
north-west of the Dogger Bank ın the North Sea”’ are thought to 
have been formed at ~7,000 BC when the sea level was 40-45 m 
lower Whereas tidal currents are running north-south presently 
at the site, with a speed of ~0 5 ms‘, the orientation of the 
ridges implies that, at the time of their active formation, currents 
were predominantly running (north)east—(south)west, more or 
less parallel to a shoreline being formed by the northern flank of 
the Dogger Bank According to the length of these relict ridges, 
on average 33 km (ref 31), tidal current speeds must have been 
at least twice as high as they are there now 

In the case of headland eddies (Fig 38) it 1s less clear that the 
headland geometry itself 1s affected by the tidal current regime 
in fact, nontidal factors principally determine the shape of the 
coastline However, once the headland exists, 1t may produce a 
residual vortex pair These vortices, in turn, collect sediment, 
thereby leading to the formation of sand banks’! ** ** If centri- 
fugal and Coriolis forces are both of equal importance in the 
eddies, sediment may accumulate asymmetrically between the 
eddies forming a vortex pair The eddy showing anticlockwise 
circulation is preferred (on the Northern Hemisphere), because 
then Coriolis and centrifugal forces together with bottom fric- 
tion reinforce each other 1n producing a convergence of bottom 
currents to the centre of the eddy’? Thus, whereas the principal 
residual eddies do not depend on the existence of sand banks but 
on the headland geometry, imbedded within these principal 
eddies may be smaller ones coupled to the sand banks, which ın 
turn are due to the sediment concentrating capacity of the 
principal eddies 

Finally, the geomorphological significance of the basin eddy in 
Fig 3a 1s uncertain because ıt contradicts observations that ın 
tidal channels the flood normally exceeds the ebb on the shallow 
sides of the channel, whereas the centre of the channel 1s ebb 
dominated*?~** The sides, however, are often formed by drying 
tidal flats and there has been no explanation for the peculiar 
effects that may arise from areas uncovered by water for some 
time during the tidal cycle The meandering of ebb-dominated 
gullies can set up a system of smaller residual cells within the 
overall residual pattern®**’ ** It remains to be seen whether the 
dimensions of these cells are within the range of maximum 
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response for bottom morphological eddies, an observation from 
the Dutch Wadden Sea indicates that they may~ In contrast to 
more open-sea areas the residual eddies suggested by ebb and 
flood channels ın these shallow inland waters have a smaller 
dimension compared with the tidal excursion (a larger A) This 
agrees with the result that a decrease of the bottom friction time 
scale, which 1s equivalent to a decrease ın water depth, shifts the 
resonance peak to higher values of A, as can be seen in Fig 4b 


Conclusion 


The existence of residual eddies in tidal areas can be largely 
explained by quasi two-dimensional vorticity dynamics together 
with a coastal geometry and/or bottom morphology providing 
tidal vorticity gradients This theory does not really explain the 
characteristics of bottom morphological structures from the 
residual current velocity pattern, however First, in residual 
sediment transport not only residual currents should be taken 
into account but also the nonlinearly generated higher 
harmonics in the tidal velocity field, the so-called over- 
tides’? 3°*° Yet, 1f sediment transport can be expressed as a 
function of the vertically averaged velocity, this may not be a 
serious flaw of quasi two-dimensional theory as overtides appear 
as a by-product of residual current theory’?! Hence, a two- 
dimensional approach requires incorporation into the theory of 
a description of the interaction between (time-varying) sea-bed 
morphology and the tidal current regime Such a theory might 
also give a first explanation of whether the bottom morphology 
1s Static or whether ıt may shift in space over a long time as 1s 
sometimes observed?’ *! However, the dimensionality of the 
present theories 1s a severe restriction For problems of suspen- 
ded sediment transport, the tidally varying vertical distribution 
of suspended load and velocity 1s important in producing 
residual transport, whereas for transport as bed-load the 
direction of the bottom current 1s decisive In particular, the 
veering of the current direction vertically determines whether 
bottom currents, carrying the bulk of the sediment load, con- 
verge or diverge around any pre-existing bottom structure 
Linear sand ridges, for instance, can only be maintained if there 
is a convergence of sediments towards the ridge crest, as 1s also 
observed indirectly by the inferred direction of bed-load trans- 
port from the properties of small sand waves on the sides of the 
ridge”? Observational evidence on veering of tidal and residual 
currents near sand ridges 1s scarce, although the few obser- 
vations we have“ “* support the conclusion derived from the 
sedimentary record? However, such observations cannot be 
interpreted in terms of our two-dimensional theories, and we 
lack the relevant three-dimensional theory 
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Photoelectron spectromicroscopy 
G. Beamson, H. Q. Porter & D. W. Turner 


Physical Chemistry Laboratory, Oxford University, South Parks Road, Oxford OX1 3QZ, UK 





Photoelectron spectroscopy 1s a powerful technique for studying electronic structure both of isolated molecules in the gas 
phase and of surfaces and adsorbed layers Surfaces have also been imaged using photoemission microscopy A new 
technique ıs described for combining the features of position imaging and energy analysis of the photoemitted electrons The 


imaging ts achieved using image projection in a divergent magnetic field to preserve the electron energy distribution 


DURING the construction of an instrument for the study of 10ns 
trapped in a high magnetic field we have explored other possi- 
bilities which this unusual arrangement of a magnetically colli- 
mated photoelectron energy analyser offers In particular we 
considered imaging a surface using energy-analysed electrons 
The redistribution between transverse and axial energy has a 
central role which depends on the divergence of the magnetic 
field, and this divergence produces magnification Thus micros- 
copy using energy selected photoelectrons 1s a possibility’ 


Energy analysing photoelectron microscopy 


The new technique using photoelectron emission which may be 
seen as an extension of earlier experiments with conventional- 
electron microscopes”, but introduces a new principle of 
electrostatic field-free imaging The imcident radiation (for 


Image screen plane 






Object plane L1 


Projection of electron trajectories 
at the object plane 





example, He(I)a) has a much higher energy (21 2 eV) than the 
work function This enriches the image contrast by a wide range 
of photoelectrons from different valence levels Energy analysis 
of the photoelectrons then allows spectroscopic analysis of the 
image 

The new technique depends on the capability of an axially 
symmetric divergent magnetic field to generate the enlarged 
image of a photoemissive object while preserving the original 
total energy distribution Because the orbital moment of an 
electron moving tn a divergent magnetic field 1s conserved as 
well as its total energy, any initially transverse energy reappears 
as energy of axial motion’ 
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Fig. 1 a, Motion of a photoelectron in a divergent magnetic field The electron is emitted at Pı on the flux line L, Inset, projection of 

trajectories at the object plane which determine a maximum circle of confusion (see text) b, The calculated mtensity of photoelectron flux across 

the image of a point source for 8 =0 The dimension (4R max) 18 determined by the largest possible orbit radius R max at the object surface for a 
given value of magnetic field and total electron energy (see text) 
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Fig.2 The magnetic projection photoelectron microscope. 


where E is the final energy of forward motion, Eo is the total 
electron energy, E.yciotron is the amount of energy initially in 
cyclotron motion and B(2)/B(1) is the field ratio (Fig. 1a). As 
no focusing elements are used, this photoelectron microscope 
has the maximum possible luminosity. It is a magnetic analogue 
of Miller’s “point projection electron microscope”. It is, 
however, capable of bringing to an image screen every photo- 
electron liberated with a non-zero Z-component of velocity 
with exactly its original energy. : 

The important features of the motion of an electron which 
originates from an object point P, in a high magnetic field (Fig. 
1a) are, first, that the helical motion about the adjacent flux line 
adjusts itself to conserve the orbital moment as the flux lines 
diverge, so that the orbit radius is proportional to the 
magnification, the area magnification is B(1)/B(2) and the 
lateral magnification is (B(1)/B(2))'”?. Then, second and as a 
consequence, after a sufficiently large change of field the original 
photoelectron energy is concentrated in the axial motion. The 
first inference implies that the electrons return repeatedly to the 
flux line passing through the object point P,; the second, that 
planar field retarding potential energy analysis can be per- 
formed on the total photoelectron flux at any convenient image 
plane in a low magnetic field region. 


Lateral resolution 


The resolution of such a photoelectron microscope will be 
limited (apart from any limitation imposed by the method used 
to observe the image) by deviation of an electron from the 
guiding field line, which is in turn determined by the original 
angular distribution of photoemission and the kinetic energy of 
the photoelectrons emerging from the surface of the object. The 
electrons emitted otherwise than parallel to the magnetic field 
execute a cyclotron orbit about the field lines and their origina! 
point of emergence is uncertain by a maximum of twice the 
maximum orbit diameter (D) at the surface of the object (see 
Fig. 1a). The cyclotron radius of an electron of total energy Eotn 
emitted at an angle @ to the magnetic field direction is given by 


_ (2ME wa)’ sin 0 

where B is the magnetic field strength. The probability of an 
electron of cyclotron radius R being found within a radial 
distance r from the field line passing through its point of origin 
(Fig. 1a, inset) is given by 


R 





This probability must be weighted according to the original 
angular distribution of photoemission referred to the z-axis”, 
The radial intensity distribution can be calculated assuming an 
appropriate value of 8, the angular distribution parameter. 
Figure 1b shows the radial intensity distribution plotted for 
P = 0. Changes in B have little effect on the general shape of this 
function, which is dominated by the fact that all electrons must 
return repeatedly to the original field line L,. This function is so 
strongly weighted towards small r values, that we predict an 
ultimate effective lateral resolution (the diameter of a ‘circle of 
confusion’) of approximately R max/ 10 arising from the cyclotron 
motion, where Rmax i8 (2ME sora )'’?/ eB. 

Table 1 shows this expected lateral resolution for some useful 
electron energy and central (strong) magnetic field values, with 
the de Broglie wavelength of the free electron (A.) for 
comparison. 

It is useful to compare the present method with other electron 
microscopies that provide chemical information. In electron _ 
probe microanalysis and scanning Auger electron microscopy, — 
the lateral resolution is limited by the area of the probe electron 
beam at the surface and is typically 0.3-0.5 um using a thermal 
electron source. In scanning Auger microscopy with a cold- 
cathode field emitting source, the lateral resolution is limited” 
to ~30 nm and further improvement is prevented by electron 
scattering in the sample. 

Thus from Table 1, in the present instrument, with a field 
strength of ~8 T, a useful microscopic performance is obtain- 
able. For example, with 5-eV electrons, we could expect 0.1 um 
resolution and in the highest readily attainable superconducting 
solenoid field, of ~167T, performance should be at least 
comparable in lateral resolution to that of scanning Auger 
electron microscopy when lowest energy (= kT) photoelectrons 
are selected using samples at ordinary temperatures. 


Depth resolution 


Depth resolution (as opposed to lateral resolution) is sometimes 
referred to as depth of information and is related to the escape 
depth. (This should not be confused with depth of field, which is 
an instrumental property of a lens system and does not concern 
us because the present instrument is non-focusing; the field 
depth is limited only by the range of illumination of the object.) 
Thus a depth of information of d nm indicates that the final 
image is formed by photoelectrons that originate within a dis- 
tance d of the surface. 

The penetration depth of UV radiation is of the order of 1 um 
but the electron escape depth is of the order of 0.5-20 nm. The 
precise value depends on the angle of exit and energy of the 


reame e a r teppei 


Uun 


58 





SS SS... 
Table 1 Lateral resolution of the magnetic projection photoelectron 
microscope for various electron energies and central magnetic fields 











de Broglie 


Electron 
energy Expected lateral resolution (pm) wavelength 
(eV) for central magnetic fields (T) (um) 
l 4 8 16 
500 8.0 2.0 1.0 0.5 5x10 
5 0.8 0.2 0.1 0.05 sxo 


S 
0.05 0.08 0.02 0.01 5x10 5x107 
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photoelectron™. The information depth is between 1 and 20 
layers. The depth resolution in photoelectron microscopy is thus 
comparable with Auger electron microscopy and much higher 
than scanning electron microscopy. This high depth resolution 
means that in the study of metal surfaces for example, only the 
top few layers of atoms will contribute to the image. For 
biological surfaces, a depth of information of a few nanometres 
would permit a plasma membrane to be imaged while dis- 
criminating against the cytoplasm (see, for example, ref. 26). 
Depth of information is a function of incident light wavelength, 
angle of incidence and of any surface monolayers. Use of 
monolayer coating with a judicious choice of incident light 
parameters might further reduce the depth of information. 


Energy resolution 


By observing changes in the image as a function of the secondary 
electron energy distribution, scanning electron microscopy can, 
for example, discriminate between features whose secondary 
electron yield functions differ by as little as 0.5eV. Con- 


Fig. 3 Hel!) photoelectron mi- 
crographs of some test samples 
mounted on a hypodermic syringe 
needle. Brass wire inserted in the 
small hole (a). The edge of an acid- 
etched copper fragment (b), grains 
of pollen (c), a flake of oriented 
graphite (two orientations: d,e). 
Dark lines seen in these micro- 
graphs are shadows of the retard- 
ing grid wires (see text). 
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ventional UV photoelectron spectroscopy, however, has 
afforded energy discrimination as small as a few meV when 
isolated molecules are photoionized in the vapour phase” and, 
although band broadening effects in solids generally make the 
extremely high resolution of such experiments unnecessary, the 
possibilities for mapping a surface with such high energy resolu- 
tion are extremely attractive. For example, sharp peaks (< 
0.1 eV) have been seen in angle-resolved photoelectron spectra 
from surface states in copper” and gold”. Some semiconductors 
and surface layers of weakly adsorbed species also exhibit 
narrow bands. Using the present instrument as a retarding 
potential analyser for gases gives an energy resolution of 
20 meV—this may be capable of further improvement. 


The present instrument 


Figure 2 illustrates the present instrument. The divergent 
magnetic field is produced by a ‘split-pair’ superconducting 
solenoid whose central field can vary from 0 to 7.7 T. A gold- 
coated cubic electrode structure at the centre of the solenoid 
establishes a unipotential region, with various apertures for a 
l-mm diameter collimated photon beam (initially of 21.2 eV 
photons from a He(1) d.c. discharge lamp), a sample probe, and 
for the emergent photoelectrons. The probe bearing the solid 
sample is mounted on the arm of a vacuum manipulator and can 
be translated and rotated. 

Outside the solenoid, the magnetic field strength along the 
instrument axis is controlled using a magnetic shielding cage 
within the electron flight tube, and a system of axial and trans- 
verse correction coils outside the flight tube. 

The magnetic shielding cage is an assembly of 24 gold-coated 
silver steel rods which reduce the magnetic field produced by the 
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Fig. 4 He(1) photoelectron micrographs of a fragment of crystal- 

line chromium trisacetonyl acetate attached to a stainless steel 

needle using electrons of energy greater than: a, 14 eV: b, 13 eV: c, 

l2 eV; d, 11 eV; e, 10eV; f, OeV. Magnetic field strength 5T. 
Thickness of the crystal ~ 100 um. 


superconducting solenoid within the cylinder. This, together 
with the external axial coils, is designed to establish a field which 
falls from a value of the order of 0.01 T at the nearest end to 
~0.001 T at the furthest when the main field is at its maximum 
value. This large field reduction provides a magnification of the 
order of 100 and electron energy resolution is limited only by 
surface micropotentials (see Fig. 2 of ref. 1). With the present 
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arrangement, the argon photoelectron spectrum obtained in 
integral mode shows an energy resolution of ~20 meV. The 
resolving power of the retarding analyser is approximately 
constant in the 1-10 eV kinetic energy range. 

A secondary function of the gold-plated silver steel rods is to 
establish a uniform transverse electrostatic field as an alternative 
way of energy analysis. Mounted at the front end of the shielding 
cage is a gold-coated tungsten wire grid with 95% transparency 
which, together with a system of gold-coated stainless steel 
rings, establishes a planar retarding field energy analyser. At the 
outer end of the shielding cage is the electron detection and 
imaging system. This consists of a 2-inch diameter microchannel 
plate (25-4.m channel spacing) and low energy phosphor screen. 

The lateral resolution of object detail is limited to ~2 um 
mainly by the coarseness of the ‘home-made’ phosphor screen 
and vibrations at the object. Ultimately, the limit will be 
imposed by the channel plate structure and the finest channel 
plate structure available (12 um) would correspond to a lateral 
resolution of the object of 0.12 um when B(1)/B(2) is 10*. The 
photographs in Figs 3-7 are degraded by marked ‘blooming’ in 
the TV image close to features having high intensity. Both of 
these defects should be removed by using a charge-coupled 
electron image sensor. 

The He(1) photoelectron count rate at the phosphor screen is 
typically 50,000 c.p.s. from argon at 2 x 10~° torr. With a solid 
sample, the electron flux is too large for electron counting. The 
image on the phosphor screen is observed by a television camera 
and can be photographed directly from a video monitor. Alter- 
natively, the camera output can be digitized and stored in a 
micro-computer, either as the whole picture frame or just one 
line or section of a line. In the latter case, the computer is used to 
advance the retarding potential on the analyser as successive 
frames are scanned and so to build up an array of spectra along a 
particular picture line segment. This array of integral spectra can 
be processed to yield the more familiar form of differential 
photoelectron spectra (see, for example, Fig. 7). 

The vacuum chamber of the instrument is pumped by a 5-inch 
diffusion pump through a water-cooled baffle and liquid 
nitrogen trap. Thus a background pressure of 10~’ torr is readily 
achieved when the helium lamp is operating. 

Although the present instrument has no vacuum lock for 
sample changing nor a separate argon ion gun for surface 
etching, in-situ cleaning is straightforward, with the strong 
magnetic field playing an important part. When argon is admit- 
ted to the working region to a total pressure of ~100 um, a 


Lae | 
re 
n 7 


~~ s 
— o o M aa - - 


» 


; -~p ~~ 
J S 


: cvs — Tar C 
A > Ato 
pa "A m 
SY Pa eee 


a, Helium (1) photoelectron micrograph of pollen grains attached to a syringe needle. b, c, Digitally accumulated pictures of the same 


subject using electrons of energy greater than 5 eV (4) and 13.5 eV (c). 
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Penning-type glow discharge is established with ~400 V 
between the sample support and the surrounding cage. A cur- 
rent of ~0.1 mA for a few minutes causes rapid changes in the 
images of both metallic and plant material surfaces. 


Examples 


Asa preliminary demonstration, a few fragments of mineral and 
biological origin were attached to the top of a hypodermic 
syringe needle placed on the manipulator. Figures 3-7 show 
images obtained by photographing the normal TV image on a 
monitor screen together with their electron energy distributions 
along a chosen TV raster line. The direction of illumination by 
the He(1I) beam is indicated. 

Figure 3 shows a haphazard collection of objects imaged using 
electrons of all energies, that is the retarding potential of the 
analyser was set to zero. The images are (a-e) of a 250 um brass 
wire, the edge of an acid-etched annealed copper foil fragment, 
some pollen grains and two views of a flake of ‘oriented graphite’ 
(UCAR) stuck tangentially to the needle surface, 

Images of a microcrystal of chromium (III) triacetonylacetate 
(Cr(Acac)3) some 100 um thick obtained using energy analysed 
electrons are shown in Fig. 4. The image of the supporting 
surface (stainless steel) could be completely suppressed by 
observing only high energy electrons (>11 eV). Much more 
significant is the variation of relative brightness of the different 
crystal faces at different voltages. One face in particular (the 
right-hand edge in Fig. 4), which is both illuminated and obser- 
ved at near grazing incidence, remains visible in photoelectrons 
of energy 17 eV. At low electron energy the end of the crystal 
facing the beam is the strongest emitter (this is not clearly shown 
in the present series of photographs because the vidicon was 
overloaded). 

Fragments of plant material (pollen grains, cellular fragments 
and fibres) showed similar behaviour when observed immedi- 
ately after sample insertion and initial evacuation, or after brief 
argon ion bombardment. But the maximum kinetic energy for 
photoelectrons was generally lower (~ 14 eV) although higher 
energy photoelectrons could be observed from selected areas 
with carefully controlled ion-cleaning. Figure 5a shows the 
>10 eV photoelectron image of a pair of pollen grains (diameter 
~50 um) on the stainless steel surface together with computer- 
stored images obtained using >5 eV (Fig. 5b) and >13.5eV 
(Fig. 5c), photoelectrons. The pollen grains (of Echinopsis 
eyriesii) have slightly dimpled spherical surfaces but the images 
show a marked spatial dependence of the energy distribution. 
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Edge of support 


Fig. 6 


In a more complicated plant fragment (of poppy anther), an 
interesting variation of electron energy distribution along a 
selected line can be discerned (Fig. 6d) related to the intensity 
distribution in the different images obtained as the retarding 
potential varies (Fig. 6a, b, c). 

Figure 7 shows the change in photoelectron emission from an 
acid-etched copper surface as it is cleaned by ion bombardment. 
Figure 7a is an all-photoelectron micrograph of the copper 
surface before cleaning. Figure 7b-d shows the changes which 
occur in the electron energy distribution along the arrowed line 
in Fig. 7a as the surface becomes cleaner. Figure 7b shows the 
uncleaned surface. Figure 7c, d shows the progressive changes 
after Ar* bombardment. A low-electron energy band is pro- 
gressively lost. The final observed spectra do not have the 
appearance of conventional photoelectron spectra of copper 
surfaces for several reasons. First, although the annealing and 
acid etching did afford a surface topography showing the 
presence of different crystallites, the exposed faces were ill- 
defined crystallographically. Second, the distribution is not 
angle resolved. In effect we have integrated the spectra over the 
emitting hemisphere. This is, of course, a feature of the magnetic 
projection. All emitted photoelectrons are collected. Third, in 
this preliminary study the surface is not completely clean even 
after ion bombardment, in particular the Fermi edge is still 
suppressed. 

The bright line on the left of Fig. 7a is photoemission from the 
epoxy resin used to mount the copper sample, together with its 
shadow. The difference in contrast arising from the different 
photoelectron energy distribution is quite striking at certain 
analyser voltages. 


Conclusions 


We have demonstrated that photoelectron images of micro- 
scopic surface structure can be obtained using energy-analysed 
electrons. The He(I) resonance line was used for the demon- 
stration because it is easy to generate and has been widely used 
in the study of surface valence and photoemission. For element 
mapping, however, other resonance lines could be used. For 
core electrons, in particular, soft X-ray lines and synchro- 
tron radiation may have advantages where it is possible to match 
the photon energy to a suitable shell or sub-shell ionization 
energy of the required element. This technique thus has the 
unique ability of producing either a molecular or atomic map of 
the surface depending on the photon energy. Scanning Auger 
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a, b, c, He(1) photoelectron micrographs of a fragment of poppy anther using: a, all electrons; b, electrons of energy >8 eV and c, 


electrons of energy >11 eV. Magnetic field strength, 4 T. d, Photoelectron energy spectra (16 eV energy scale) along the raster line marked by 
arrows. 
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Fig.7 a, He(1) photoelectron micrograph of an acid-etched copper surface before ion bombardment. Magnetic field strength, 7 T. b, c, d, The 
changes in photoelectron energy spectra along the raster line marked by arrows, as the surface is progressively cleaned by argon ion 
bombardment. 


microscopy, on the other hand, provides only an atomic or 
elemental map of the surface, By using a photon energy only 
slightly in excess of the ionization energy both lateral resolution 
and sensitivity will be at the optimum. When the sample is 
irradiated near grazing incidence, photoemission is concen- 
trated in the first atom layer and depth resolution is then at its 
optimum., 

A most important advantage may, however, be derived from 
the much less destructive nature of the photoemission process 
combined with the high electron collecting efficiency. 

To obtain good lateral resolution in Auger microscopy a 
current density of 10 A cm™° is required”*. In such irradiation 
electron trapping, charging and secondary electron emission are 
important and the following electron-induced artefacts can be 
observed: migration of surface ions, decomposition, electron- 
induced desorption and diffusion induced by local Joule heating. 
The power dissipated in the sample by the He(1) discharge lamp 
is estimated to be less than that in the Auger electron micro- 
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scope by a factor of 1,000 or more. The advantage may be 
considerably larger, when the reduction in chemical damage 
associated with photons compared with electrons is taken into 
account, 

The use of a very strong magnetic field, though primarily 
instrumental in intent, also has important possibilities for the 
study of energy bands and spin polarization in magnetic materi- 
als. This, when combined with the imaging property, may be 
particularly valuable in materials science in the study of 
magnetic domains. Photoemission from a ferromagnetic 
material in which the domains have been aligned by an external 
0.05 T field is known to lead to spin-polarized photoelectrons”. 
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A putative diversity segment of immunoglobulin heavy-chain genes (D segment) has been identified 700 base pairs 5° to 
Ju: DNA on the germ-line genome of the mouse. This 10-base pair D segment is flanked by two sets of sequences related to 


CACTGTG 
GTGACAC 


GGTTTTTGT 
CCAAAAACA 


which are possible recognition sites for a recombinase. The spacer separating the heptamer and the nonamer ts 12 base pairs 

long on both sides of the D segment. As the spacer separating the two signal sequences in Vy DNAs and Jy DNAs is 
23+ 1 base pairs long, the two recombinations required for creation of a complete immunoglobulin Vu gene, a Viz-D Joining 
and a D~J,; joining, follow a 12/23-base pair spacer rule. Allelic exclusion is discussed with respect to D segments. 


IT is well established that complete immunoglobulin variable 
region genes (V genes) are generated by somatic DNA recom- 
bination(s) during the development of B-lymphocyte cells'™'*. In 
the light-chain genes of the mouse, in both A- and «-types, the 
last 13 COOH-terminal residues of the variable region are 
encoded by a separate DNA segment called J DNA (J for 
joining) in the germ-line genome* ””'°. Coding information for 
the rest of the V region is contained in an embryonic V DNA 
segment**’”'° Accordingly, somatic recombination occurs 
between the 3’ end of the V DNA and the S’ end of the J DNA to 
generate a complete light-chain V gene*®*. The JA, (ref. 6) and 
five Je DNAs” carry two blocks of sequences, one a palin- 
dromic heptamer, CACTGTG, and the other a nonamer, 
GGTTTTTGT, highly conserved in the 5’-noncoding regions. 
These conserved sequences are invertedly repeated in the 3’- 
noncoding regions of all embryonic VA and Vk DNAs 
sequenced to date?®7 27°, Another striking feature around the 
recombination site is that the spacer between the heptamer and 
the nonamer’*’? in all V and J DNAs is 12+1 or 23+1 base 
pairs long. In addition, recombination seems to occur only 
between a V DNA with the shorter (12-base pair) spacer and a 
JDNA with the longer (23-base pair) spacer or vice versa 
(12/23-base pair spacer rule). Based on these observations 
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Fig. 1 Southern blot analysis of mouse embryo and myeloma DNAs. 
Mouse DNAs were digested with EcoRI, separated tn 0.8% agarose gels and 
blotted to nitrocellulose filters according to the method of Southern”®. Filters 
were then incubated with the nick-translated Jy probe (1.1-kilobase SacI- 
EcoRI fragment, see ref. 11), essentially as described by Wahl er al. ™, 
Hindi] fragments of phage A DNA were used as size markers (in kilobases, 
kb). For the cloning of a $.2-kilobase Q52 fragment hybridizable with the Ju 
probe, EcoRI digest of the myeloma DNA was fractionated in a 0.8% 
agarose gel and DNA from the J,, probe-positive fraction was eluted as 
described previously*®. Recombinant phages containing the mouse DNA 
were screened by in situ plaque hybridization’ with the Ju probe. 
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Early et al.” and Sakano et al." predicted that the same or a 


similar enzyme mediates the recombinations in both A- and 
«-light-chain genes and that the recombinase consists of two 


functionally distinct units, one recognizing the heptamer and the 


nonamer separated by the shorter (12-base pair) spacer and the 
other recognizing the same signal sequences separated by the 
longer (23-base pair) spacer. 

In contrast to the light-chain genes, heavy-chain J DNAs (Jp) 
do not seem to associate directly with the heavy-chain V DNAs 
(Va). In the case of the y2b heavy-chain gene expressed in 
myeloma MOPC141, the 14-residue peptide comprising the 
third hypervariable region (HV3) beginning with Val (residue 
98) and ending with Thr (residue 111) is encoded neither in the 
germ-line V DNA nor in the J DNA”. A similar observation 
has been made independently in an a heavy-chain gene’’. 
Therefore, it is generally believed that the HV3 region of a 
heavy chain is encoded by a separate DNA segment, D (D 
segment for diversity’°), and that two recombination events, 
Vu-D and D-J,, joinings, are necessary to form a complete 
heavy-chain V gene. All germ-line Vy DNAs and Ju DNAs 
sequenced so far have the conserved heptamer and nonamer 
separated by the longer spacer. It has therefore been predic- 
ted'*'* that germ-line D segments must contain the same 
recognition sequences on each side of the coding segment and 
their spacers must both be short ones, so that the 12/23-base 
pair spacer rule is adhered to. However, no germ-line D 
sequence has been reported to date and the predictions outlined 
above still need to be verified. It was previously observed that 
the DNA sequences are often rearranged in the J,, cluster in 
some cloned T-cell lines'”'*, as well as in pre-B-cell lines ®t’. 
By the Southern hybridization method using a Jy cluster probe, 
we observed that DNA rearrangements within the Jy cluster 
region are not restricted to one allelic chromosome in most of 
the myelomas. One intriguing possibility was that some of these 
rearrangements were abortive, representing recombination 
between a D segment and a Ją segment producing an 
incompletely rearranged D~J,, structure. We therefore cloned 
some of the genomic DNA fragments containing the rearranged 
Jy-cluster sequence from myelomas and characterized the 
cloned DNA fragments. These studies led to an identification of 
a potential germ-line D DNA segment, which is reported here. 
This potential D DNA segment is flanked by the two pairs of 
conserved sequences in inverted orientations, and the spacers 
separating the two signal sequences are 12 base pairs long for 
both. 
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Fig.2 A, Electron micrograph (a) and 
schematic interpretation (b) of a 
heteroduplex molecule formed between 
two EcoRI inserts, one from clone 
MEi84-8 (embryonic J) and the other 
from clone Q52J (rearranged J from 
myeloma QUPC52). Procedures used 
for the heteroduplex formation have 
been described previously*. Clone 
ME184-8 was prepared by Richard 
Maki and contains, in a phage Awes 
vector, the 6.4-kilobase EcoRI embryo 
DNA fragment carrying the four Jy 
DNA segments whose sequences were 
determined previously"? using another 
DNA clone referred to as MEP203 
(ref. 11). Numbers indicate lengths of 
various parts of the heteroduplex in 
kilobases. B, Restriction enzyme 
Cleavage maps of the J-containing 
EcoRI fragments. a, 5.2-kilobase insert 
from the myeloma clone Q52J; b, 6.4- 
kilobase insert from the embryonic 
clone ME184-8. The broken line (A) in 
Ba represents a deletion in the 
myeloma clone; the bars in Bb indicate 
coding regions. The positions of four J,, 
segments have been determined by R- 
loop mapping and DNA sequenc- C 
ingit, The D segment is identified in 
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the present study by DNA sequencing of the 5’ flanking region of J,,,. Strategy of the sequencing is shown in Bc. kbp, Kilobase pairs; bp, base pairs. The previously 


published BamHI sites'’ have been corrected. 


Frequent rearrangements of the Jy region 
sequences in myelomas 


We analysed EcoRI digests of total DNA from 18 different 
BALB/c myelomas by the Southern gel blotting method”? using 
a Jy probe (Fig. 1). The embryo DNA gave a band of 6.4 kilo- 
bases as expected from previous studies'’. All but three 
(MOPC511, MOPC21 and MOPC321) myelomas gave one, 
two or three bands that are all different from the embryo band. 
MOPC3511 and MOPC21 each gave two bands, one of which is 
indistinguishable from the embryo band. MOPC321 gave no 
band. This myeloma synthesizes no heavy chain and presumably 
lacks part of the heavy-chain gene sequences in question. In 
some myelomas a very faint band can be seen at the position of 
the embryo band, probably due to contamination of non- 
myeloma cells in the solid tumours from which the DNA was 
prepared. The variability in the number of bands among various 
myelomas and in the intensity of bands within a myeloma most 
probably reflects the fact that myelomas are usually not 
diploid*'. 

We assume that one rearranged band in each myeloma 
represents the V;,-D-—J,; joining required for the formation of a 
complete heavy-chain gene active in that myeloma. Although 
the nature of the additional rearrangements observed in many 
myelomas is unknown, the results show that sequence rear- 
rangements are very frequent in the vicinity of the Jų cluster in 
all copies of chromosome 12, on which the heavy-chain genes 
reside”. D 


a oe GAGTCCCTGTGGTCTCTGACTGGTGCAMGGTTTTGAGLAAGCGGAGCAG 


12 
BPC? GAGTCCCTGTGGTCTCTGACTGGTGCAMSGTTTTGAGTAAGCGGAGCAC 
23 


C eee GTTAGGC TACATGGGTAGATGBGTTTTTGTACACCCACTAAAGGGGTCTATGATAGTGTGACTACTTTG 






DNA deletion on an abortively-rearranged 
Ju fragment in myeloma QUPC52 


We chose the 5.2-kilobase QUPC52 (Q52) fragment for further 
analysis and cloned it in the phage vector Awrs (ref. 23). The 
cloned EcoRI fragment was analysed by heteroduplex forma- 
tion using a germ-line Jų fragment (clone ME184-8) cloned 
from the EcoRI digest of mouse embryo DNA. As shown in Fig. 
2A, the 5.2-kilobase myeloma fragment carries a 1.1-kilobase 
deletion, which lies 3.0-4.1 kilobases from the 5’ end of the 
embryonic J, fragment. By superimposing the heteroduplex 
map on the restriction enzyme map of the embryonic clone, we 
could locate the right end of the deletion near the Jı; DNA and 
the left end about 0.7 kilobases 5’ to the Ja, DNA (Fig. 2B). 


D-like segment is attached to J, DNA 
on the abortive clone 


To analyse the structure of the DNA segment joined to the Jy 
region, we purified a 600-base pair Bg/I-Bam HI fragment (see 
Fig. 2Ba) from the myeloma clone and determined the nucleo- 
tide sequence. Figure 3b shows the nucleotide sequence of a 
110-base pair Hinfl~Hinfl fragment containing the deletion. As 
expected, we found the Juz sequence in the sequenced region. 
By comparing this myeloma sequence with the germ-line Jip 
sequence (Fig. 3b, c) we found that the Juz sequence starts with 
the third nucleotide of the Asp codon at position 101 (number- 





TyrPheAspTyrlrpGlyGincgigtarThrLeuthrvalSerSer 
TACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCAGGTGAG 


Fig.3 Nucleotide sequence of the D-J structure in a myeloma clone, Q52J (b), and its germ-line sequences, J,,. (c) and Dos (a). For the sequencing of b, a 110-base 
pair Hinf-Hinf fragment containing a deletion was purified from a 600-base pair Bg/l-Bam HI fragment (see Fig. 1 Ba}, both ends labelled with [a-*’P]-nucleoside 
triphosphates, and the strand separated and sequenced in both directions according to the procedures described previously**. The embryonic Jy sequence {c} was 
taken from ref. 13. The embryonic Dasz region (a) was sequenced according to the strategy shown in Fig. 2Bc. Two blocks of conserved sequences, 


GGTTTTTGT CACTGTG 
CCAAAAACA GTGACAC 


or their related sequences are boxed. Numbers indicate lengths of spacers separating the two conserved sequences in base pairs. Sequences in a and c contributing the 

coding region in 6 are underlined. The corresponding sequences in 6 are also underlined. Note that tetranucleotide AAGG in b between the two boundaries of Des: 

and J,,. is not accounted for by either germ-line sequence. Vertical lines indicate possible recombination sites with Dos: and Juz. Encoded amino acid sequences are in 
italics. 
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KpnI 
GGTACCCCCATGGCT TCCCGGAGGCACTGCCCCACCCCCACCATCACAGACCT TTCTCCATAGTTGATAGCTCAGCAGAGTGAA TGACAGATGGACCTCCATCTGCTCTTATTTTAAAAA 


Xhol 
GAAGACABRACCCCACAGGCT CGAGAACTTTAGCGACTGTYTTGAGAGAAATCATTGGTCCCTGACTCAAGAGAT GACT GGCAGTT TGGGGAT CAAGAA TACCCATACTCTGTGGCTAGTG 


12 Dosa 12 

TGAGGT TTAAGCCTCAGAGTCCCTGTGGTCTCT GACT GGT GCANGGTTTTGA CT AAGCGGAGCACCACAGTLCAACTGGGACCACGCTGACGCGTGGCTCARACAAAAACCCTCIGTTTGG 

AGCTCTCCAGGGGCAGCCT GAGCTATGAGGAAGTAGAGAGGCT TGAGAAA TCT GAGGAAGAAAAGAGT AGATCT GAGAGGAAAGGTAGCT TT CTGGAGGTCAGGAGACAGTGCAGAGAAG 
BamHI 

AACGAGTTACTGTGGACAGGTCT TAGATGGGGAAAGAAT GAGCAAATGCAAGCATCAGAAGGATAGATGCAATGTCCTGCCAAGGACTTACCAAGAGGA TCCCGGACAGAGCAGGCAGGT 

SGAGTTGACTGAGAGGACAGGGTAGGT GCAGGTTCCTCTCTCSTTTCCTTICTCCTTCTCCTGTTTCCPTICCT CT CIT GECACAGGTCT CACTATGCTAGCCAAGGCTAGCCTGAAAGAT 


TACCATCCTACAGATGGGCCCATCCAGTTGAGTTAAGGT GGAAAGATCT CT CCAAACATCTGAGTTTCTGAGGCTTGGATGCCACTGGGGACGCCAAGGGACTT TGGGCTGGGTTTGCTT 


GGCCCCACATGTAGGGCTACTTCACTGGGTCTATAATTACTCTGATGOTGCTAGGACCAGGGGGCTCAGGTCACTCAGGTCAGGTGAGTCCTGCATCTGGGGACTOTGGGOTTCAGGTGTC 


29 Jey 


CTAAGGCAGGATGTGGAGA GAGTT TT AGIATAGGAACAGAGGCAGAACAGAGACTGTG 


BSstET 
TACTGOGTACTTCGOATGT CT GGGSCGCAGGGACCACGOTCACCGTCTCOTCAGGTAAGCTGG 





L129 


249 


360 


480 


600 


720 


840 


360 


1080 


Fig. 4 Nucleotide sequence of the 5‘-flanking region of Ja, DNA. Strategy for the sequencing is shown in Fig. 2Bc. The J,,, sequence and some of the 5'-flanking 


sequence have been published elsewhere, The Dos: and Jy; segments are underlined. Two blocks of conserved sequences, 


GGTTTTTGT CACTGTG 
CCAAAAACA GTGACAC 


or their related sequences are boxed, Numbers indicate the lengths of the spacer separating the two conserved sequences in nucleotide bases. 


and 


ing is after Kabat et al.**). The myeloma sequence of the 
3'-flanking region of J} is identical to the embryonic sequence 
(data not shown). Thus, the right end of deletion was identified 
between the second and third nucleotides in the Asp codon (Fig. 
3b). We then examined the sequence preceding the J, on the 
myeloma clone. As shown in Fig. 34, a palindromic heptamer, 
CACAGTG, and a T-rich sequence, GGTTTTGAC, closely 
related to the nonamer GGTTTTTGT, are present 14 and 
26 base pairs, respectively, 5’ to the recombination site. The 
spacer separating the heptamer and the nonamer is 12 base pairs 
long. These structural features of the DNA attached to the 
Q52 Juz sequence fit the predictions made for the D segments. 
We could not find any V-like sequence on the 5’ side of the 
recombination site, and this would have been easy to detect, as 
the sequence at the end of V DNA coding for residues 90-94 is 
highly conserved”’. 


Identification of a germ-line D segment 


If the rearrangement on the Q52 clone represents the deletion 
between a D segment and a Jy segment, the germ-line D 
sequence must be on the 6.4-kilobase embryonic Ju fragment. 
As shown in Fig. 2, the left end of the deletion on the Q52 clone 
has been mapped 0.7 kilobases 5’ to the J,,, DNA on the germ- 
line clone. We therefore extensively sequenced the $'-flanking 
region of the Ju DNA cluster on the embryonic clone. Figure 4 
shows the complete nucleotide sequence of the 1-kilobase 
region upstream from Ju; DNA. As predicted, about 700 base 
pairs 5‘ to the Jy, we identified the same sequence as found on 
the 5’ side of Q52 Jaz DNA. In this germ-line sequence another 
set of the palindromic heptamer and the T-rich nonamer are 
invertedly repeated on the 3’ side (Figs 4 and 3a). Again the 
spacer separating the heptamer and the nonamer is 12 base 
pairs. Accordingly, this germ-line sequence has the structure 
predicted for the germ-line D segment. In the D-like segment 
identified here, a 10-base pair DNA stretch is flanked by two 
palindromic heptamers, 


CACAGTG CACCGTG 
 GTGTCAC GTGGCAC 
and further flanked by A+ T-rich nonamers, 
` GGTTTTGAC ee ACAAAAACC 
CCAAAACTG TGTTTTTGG 


12 base pairs outside. This 10-base pair segment can code for 
three amino acid residues, GIn-Leu-Gly, Asn-Trp-Asp or Thr- 
Gly-Thr. Although no published mouse HV3 sequence cor- 





responds to these hypothetical peptide sequences, we tenta- 
tively refer to this potential D segment as Dos. s 

The tetranucleotides, AAGG, adjacent to the recombination 
site on the Q52 Ju: DNA cannot be explained by either the 
germ-line Juz or the Dos. sequence (Fig. 3), and at present the 
origin of this sequence is unknown. We looked for another 
germ-line D segment encoding the tetramer between the Dos. 
and Jy; sequences and found none (Fig. 4). As shown in Fig. 3a, 
the coding sequence in the embryonic Dos: segment is followed 
by pentanucleotides CACGG. If we assume one nucleotide 
deletion and one nucleotide substitution in this pentamer, the 
tetramer AAGG could be generated. These events might have 
occurred somatically on recombination (see the accompanying 
article’ for more discussion on this point). 

In the hope of finding another D segment, we extensively 
sequenced the 1.3-kilobase segment 5' to Dgs2 according to the 
strategy shown in Fig. 2Bc (sequence not shown). However, 
detection of another D or D-like sequence was unsuccessful: 
therefore, germ-line D segments do not seem to be as tightly 
clustered as are Ju DNAs. 


Generality of the 12/23-base pair spacer rule 


The present study extended the 12/23-base pair spacer rule'?" 
to germ-line D segments, It thus seems that all recombinations 
leading to formation of a complete V gene are mediated by the 
same or similar enzymes. These enzymes are thought to contain 
two DNA-binding proteins, one for a DNA segment carrying 
the heptamer and nonamer separated by a short (12-base pair) 
spacer and the other for a DNA segment having essentially the 
same short sequences separated by a long (23-base pair) 
spacer'*”’*, As the two pairs of the putative recognition 
sequences are in an inverted orientation relative to the cor- 
responding coding DNA segments, they could form a transient 
intermediary duplex if it is stabilized by the recombinase’. 


D-Jy joining accompanies a deletion 


It seems to be a general rule that sequence rearrangement 
involving immunoglobulin genes accompanies a deletion of the 
DNA sequence which separates a pair of joining DNA segments 
on a germ-line genome. Experimental evidence for this rule was 
first obtained for V-J joining of the A,-type light-chain gene’, 
and was confirmed in a subsequent experiment’ in the x-type 
gene. There is also evidence that deletions accompany heavy- 


-chain joining'*“°. Furthermore, a number of groups reported 


results which strongly suggest that the same rule applies to the 
‘switch recombination’ of heavy-chain genes?’*"**, All the 
evidence is based on hybridization analysis of mouse DNA using 
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an appropriate probe. The heteroduplex molecule, formed 
between the embryonic Jy clone and the Q52 J,, clone, provides 
the most direct evidence for the involvement of deletion in D-J,, 
joining. As the size of the cloned DNA fragments corresponds 
well to those of the fragments detected by Southern gel blotting 
analysis, the deletion cannot be attributed to cloning artefacts 
(see Fig. 1 for clone Q52 Jp). 


D-Jy joining and allelic exclusion 


Unlike all previous autosomal gene studies, only the gene on one 
of the two homologous chromosomes is active in a given cell for 
immunoglobulin chains? >. This ‘allelic exclusion’ is mani- 
fested in several ways for light chains. A common form is that 
one copy of the chromosome contains a rearranged, complete 
gene, and the other retains the germ-line configuration’. Alter- 
natively, both alleles are rearranged, but one abortively in 
several different forms (refs 5, 18, 33-36, 45-48 and P, Kennedy 
and S.T., unpublished). At the heavy-chain locus, rearrange- 
ments on both copies of the chromosome seem to be very 
common (Fig. 1), and lack of rearrangement as observed in light 
chains does not seem to be a common form of allelic exclusion. 
The demonstration that the heavy-chain locus includes D DNA 
segments suggests a unique way in which this locus can be 
abortively rearranged. As shown here for myeloma QUPCS?2, 
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the unexpressed chromosome contains a D-J segment. 
Although allelic exclusion at the heavy-chain locus could be 
manifested by other forms of abortive rearrangement observed 
in the light-chain loci, the existence of D segments may provide 
additional forms. One might imagine that in addition to D-J 
joining V-D joining can occur. 

The analysis of myeloma DNA indicates that rearrangement 
in the vicinity of J DNA segments is much more frequent in 
heavy-chain genes than in light-chain genes. This distinction 
also applies to normal B cells: little, if any Jų was observed in the 
germ-line configuration®’, whereas unrearranged fx is observed 
in significant amounts**, The reason for this difference is not 
clear. However, it is reasonable to assume that the frequency of 
joining of two separate DNA segments increases as the number 
of segments increases and/or as the distance between them 
decreases. If there are many D segments (see the accompanying 
article'’) and if they are close to J segments as Dos: is, D-J 
joining could account for more frequent abortive rearrangement 
in the heavy-chain locus. 
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Identification of D segments of immunoglobulin 
heavy-chain genes and 
their rearrangement in T lymphocytes 
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The finding that the diversity (D) and joining (Jn) but not the variable (Viz) DNA segments of mouse immunoglobulin 
heavy-chain genes are joined in the DNA of some cloned cytolytic T cells, led to identification and sequencing of three 
different D DNA segments. Two segments identified on the embryo DNA carry on both the S' and 3' sides two sets of 
characteristic sequences separated by a 12-base pair spacer, which have been implicated as recognition signals for a 
recombinase. The third segment, identified in a form joined with a Ju DNA segment ina Tcell, carries the recognition signal 
on the $' side. These results support the 12/23-base pair model for somatic generation of immunoglobulin V genes, and rule 
out the possibility that the cytolytic T cells use assembled Vu, D and Ju sequences to encode their antigen receptors. 


germ-line genome'~'°. These DNA segments are assembled into 


THE variable region of an immunoglobulin chain is encoded in 
a continuous stretch with concomitant deletion of the spacer 


multiple DNA segments scattered along a chromosome of a 
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sequences during differentiation of B lymphocytes. The somatic 
rearrangement of DNA sequences is considered to have key 
roles in both somatic amplification of antibody diversity and 
determination of the specificity of lymphocyte clones. In mouse 
light chains of both A and « types, two DNA segments, V and J, 
are separate in the germ-line genome and are joined in the 
lymphocytes which express these DNA segments’. The V and 
J segments code for about 95 residues at the NH,-terminal and 
about 13 residues at the CO,H-terminal ends of the V region, 
respectively 7". In contrast, DNA sequencing analysis of 
heavy-chain genes suggests that the Vy region is encoded by 
three DNA segments referred to as Vy, D and Jy, and somatic 
joining of the three DNA segments is necessary to generate a 
complete heavy-chain V gene°*. The D DNA segment encodes 
the third hypervariable region, which determines in part the 
shape and size of the antigen-combining site’'’”. 

The abovementioned sequence rearrangement of immuno- 
globulin genes should occur during the development of B 
lymphocytes before the appearance of the first detectable 
immunoglobulins. Does an analogous or similar rearrangement 
occur in the precursors of T lymphocytes, which share a common 
stem cell with B lymphocytes? This question is particularly 
important because of the possible use of the immunoglobulin 
V gene pool by T cells for coding their antigen-specific recep- 
tors'*'®, One approach to this question is to analyse DNA of 
cloned T cells by the Southern gel blotting procedure using a J 
DNA sequence as the hybridization probe. A V-J or V-D-J 
joining will be monitored by a difference in the size of DNA 
fragments detected in embryo (or kidney) and T-cell DNA. We 
have therefore applied this technique to several cloned cytolytic 
T cells, and show here that sequence rearrangements frequently 
occur in T cells in the vicinity of the Ją sequences. Similar 
findings have been reported by two other groups with T- 
lymphoma lines" and cytolytic T-cell lines’. However, our 
further analysis of two T-cell clones by recombinant DNA 
techniques demonstrates that the rearrangements observed in 
these T-cell clones are D-J joinings rather than V-D--J joinings. 
This led to the identification of two D DNA segments on the 
germ-line genome. One of the three D DNA segments described 
here was found to be identical to the D segment that was 
independently identified in our laboratory during the parallel 
analysis of an abortively rearranged sequence observed in the 
myeloma QUPC-52 (ref. 19). 


T-cell DNA sequence is frequently 
rearranged in the 
vicinity of the J, cluster 


We have previously identified a cluster of four Jy DNA seg- 
ments’ on a6.4-kilobase EcoRI fragment cloned from BALB/c 
embryos (clone MEP203)°. A 1.1-kilobase Sacl-EcoRI frag- 
ment derived from the 3’ end (relative to orientation of tran- 
scription) of this fragment (a Jy probe) would detect, when used 
as a hybridization probe on Southern blots of cellular DNA 
digested with EcoRI, sequence rearrangements that have 
occurred within the 6.4 kilobase EcoRI fragment. The results of 
various cytolytic T-cell clones and three thymomas are shown in 
Fig. 1a. The cytolytic T-cell clones, except B6.1, were confirmed 
for their functional activity before extraction of DNA. The 
embryo or kidney DNAs of five different mouse strains— 
BALB/c, C3H, CS7BL/6, AKR and DBA-—all gave the 
expected fragment of 6.4 kilobases previously identified. The 
DNA of three cytolytic T-cell clones—-DAS 1, D.FL.2, 
D.FL.13—and two thymomas—BW 5147 and TS5—each gave a 
sing.e band indistinguishable from that of embryos or kidneys, 
suggesting that no gross sequence rearrangement has occurred 
in these cells within the 6.4-kilobase EcoRI fragment. [The faint 
bands observed above the 6.4-kilobase band in D.FL.2 and 
D.FL.13 DNA are due to incomplete digestion as demonstrated 
by separate experiments (data not shown).] In contrast, DNA of 
six cytolytic T cells—C.SP.2, C.FL.1, B6.1, D.FL.1, D.FL.12 
and D.FL.16—gave one additional band of 5.5, 5.3 or 4.0 





Table 1 Germ-line and myeloma D sequences 





Germline D 

Psp2.1 TO; TACTATCGIAAG 

Dop2.? TC TACTATGATTACG AC 

Dosa C AACTGGGAC 

Myeloma DP 

5107 TACTACGGTAGTA 

M603 TACTACGGTAGTA C 

M167 G GACTACGGTAATA GCTACTTTG 
MCLOL AGG GACTACGTTAGTA GGTACGACCC 
MPC11i GGGATT TACTACAATAGTA GCCC 

M141 CGTCTCAATTTAT TACTACGGTCGTA GCGACAAATACTTCACTT 
M17 3-11 TGCCCCTCTAC TACTACAGTTACA GCGGGGGTT 
H76 COGGCSGGTCCCC 





Three germ-line D sequences identified in the present study are compared with 
the D region sequences of the eight complete Vy genes present in the indicated 
myelomas. For Dep. . and Das, the sequences between the palindromic heptamers 
are shown, The Dep, , has been identified only in a form joined with the Jys 
segment and therefore its exact 3’ boundary is unknown. For $107 (ref, 8), M603 
ref, 8), M167 (ref. 8), MC101 (ref. 27) and M141 (ref. 7) the DNA sequences of 
both the complete (rearranged) and the embryonic (unrearranged) V,, genes are 
known. These sequences and the embryonic J,, sequences’ were used to deduce 
the 5' and the 3’ boundaries of these D regions. For MPC11 (ref. 28), M173-Il 
(H.S. and Y.K., unpublished) and H76 (ref. 9), only the DNA sequences of the 
complete Vu genes are known and therefore the 5‘ boundaries are ambiguous. The 
3' boundaries were deduced as above. All sequences are aligned for the maximal 
homology. The D regions of $107 and M603 contain a 13-mer (underlined) which 
is a perfect palindrome around the central G. The homology present between each 
of the other D sequences and the 13-mer is also indicated by underlining. The 
homology between H76 and M173-II D sequences is indicated by double under- 
lining. 


kilobases. This indicates that some of the two or more copies of 
chromosome 12 [some T cells are polyploid (H.v.B. and W.H., 
unpublished)] in these T cells have undergone sequence rear- 
rangement involving the 6.4-kilobase embryonic fragment. In 
one cytolytic T-cell clone, D.FL. 4, and one thymoma, WC2, no 
6.4-kilobase embryonic fragment was observed. The presence 
of two non-embryonic bands, of 5.5 and 5.3 kilobases, in D.FL.4 
suggests that sequence rearrangement has occurred on both 
(assuming diploidy) chromosomal copies in different ways. In 
contrast, WC2 seems to contain only one copy of the 6.4- 
kilobase sequence and sequence rearrangement has occurred in 
this fragment. Thus, we have observed sequence rearrangement 
in 8 out of 13 cytolytic T-cell or thymoma clones. In the 
majority, rearrangement occurred only in some but not all of the 
copies of chromosome 12. The sizes of the rearranged fragments 
seem to fall into three categories—S.5, 5.3 and 4.0 kilobases. 


Two DNA clones from two 
cytolytic T cells 


We chose B6.1 and C.SP2 for further studies and cloned the 
rearranged DNA fragments of 5.5 and 5.3 kilobases, respec- 
tively, using a Awes vector”; we refer to these fragments as 
B6B1 (short-term B6) and SP2B1 (short-term SP2), respec- 
tively. Electron microscopic examination of the heteroduplex 
molecules formed between either of these T-cell DNA clones 
and the 6.4-kilobase embryonic EcoRI fragment (clone 
ME183-8) allowed mapping of the recombination sites. The B6 
and embryo DNA fragments gave a single-stranded DNA loop 
flanked by double-stranded DNA arms (Fig. 2a). In contrast, 
the SP2 and embryo DNA fragments gave Y-shaped hetero- 
duplexes. Measurement of the various parts of the heteroduplex 
molecules indicated that the B6 DNA fragment has undergone a 
1.2-kilobase deletion in a region immediately adjacent (5’ side) 
to the Jz. sequence. In contrast, the entire sequence 5’ to Jy; Is 
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Fig. 1 a, Hybridization of T-cell and . W 
thymoma DNA with the J,, probe. High A A a 3 
molecular weight DNA was prepared mo m& H A 
from various cloned cytolytic T cells and a ee ee 
thymomas by the procedure described m vom Y 


 previousiy™®, digested to completion 
“with EcoRI, and fractionated on 0.8% 
-agarose gel by electrophoresis. The 
DNA was denatured and transferred in 
situ to nitrocellulose filters (Schleicher 
and Schuell, BAS&S5) essentially as 
` described previously*’. The filters were 
incubated for hybridization with nick- 
translated Jy probe (1.1-kilobase Sacl- 
EcoRI fragment indicated in Fig. 34) 
according to the published procedures’. 
Characteristics of the various. cytolytic 


cells have been described 
previously*'*?, C.SP.2 and C.FL.1 are 
derived from C3H, B6.1 from 


C57BL/6, DAS 1 from AKR/DBAF1, kb 
all D.FL clones from DBA, and thy- 


DAS1 
AKR 
DBA 
D.FL.L 
D.FL.2 
D.FL.1L2 
D.FL.4 
D.FL.13 
D.FL.16 
R 
BW5147 
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kb 


momas were all derived from AKR. For comparison, DNA from BALB/c embryos and kidneys of C3H, C57BL/6, AKR and DBA were also analysed. These DNA 
are indicated by strain names. Numbers and arrows to the left indicate sizes of DNA fragments in kilobases (kb). b, Hybridization of BALB/cembryo and C3H kidney 
DNA with SP2D-J probe. A nitrocellulose filter, prepared as described for a, was incubated with the nick-translated SP2D-J probe, 0.8-kilobase Belll~Hindlll 
fragment indicated in Fig. 3C. The sizes of the BALB/c DNA fragments detected are shown in kilobases. The 3.8-, 3.6- and 2.8-kilobase bands could be seen in the 


Original autoradiogram, but are too faint to be reproduced. 


replaced with a sequence of unknown origin in the SP2 DNA 
fragment. The points of sequence divergence between the T and 
embryo cell DNA fragments were further determined by 
comparison of restriction enzyme cleavage sites (Fig. 3A—C). 
The results confirm the conclusion drawn by heteroduplex 


mapping. 


The SP2 fragment contains a joined 
D-J DNA segment 


We determined the DNA sequence of the 0.8-kilobase Bg/II- 
HindIH fragment (Fig. 3Ca) of the SP2 fragment containing the 
site of recombination according to the strategy shown in Fig. 
3Cb. This sequence was aligned with the previously determined 
sequence of the embryonic fragment in the J,.,-coding region 
(Fig. 4). As suggested by the heteroduplex molecules (Fig. 25) 
and the restriction enzyme maps (Fig. 3A, C), the sequences of 
the two DNA fragments match well starting with the first base of 
the Phe codon TTT located in the 5’ edge of the Ja, DNA 
segment. On the SP2 fragment the Phe codon is preceded by an 
Asn codon, AAC, which is in turn preceded by a nonamer, 
TACTATGGT, that codes for a trimeric peptide, Tyr-Tyr-Gly, 
when read in phase with the Jua. This nonameric nucleotide 
sequence or its close variants appear in the D regions of seven 
out of eight myeloma Vu genes sequenced to date (Table 1). 
Furthermore, the trimeric peptide, Tyr-Tyr-Gly, encoded by the 
nonamer has been found in the D regions of a majority of 
myeloma V regions for which amino acid sequence data are 
available''. These data strongly suggest that a D DNA segment 
is joined with the Ju; sequence on the SP2 fragment. 

Further evidence for this notion comes from the feature of the 
nucleotide sequence located immediately 5’ to the putative D 
DNA segment on the SP2 fragment. Based on the DNA 
sequencing analysis of the various germ-line DNA segments, it 
has been predicted that a nonamer, 


GGTTTTTGT 
CCAAAAACA 


and a palindromic heptamer, 


CACAGTG 
GTGTCAC 
separated by a 12-base pair spacer or closely related variants of 
these sequences, precedes a germ-line D DNA segment’*. As 
shown in Fig. 4, the putative D segment joined with the Jya on 
the SP2 fragment is preceded by two sequences, 
aa GATTTTTGT and TACTGTG 
CTAAAAACA ATGACAC 


separated by a 12-base pair spacer. These results partially fulfill 





the predictions of the. 12/23-base pair spacer model”, and in 
turn support the conclusion that the sequence joined with the 
Jus on the SP2 fragment is indeed a D DNA segment. We refer 
to this D DNA segment as Dep> ,. 


No Vy-D-Ju joining on the SP2 fragment 


Is a germ-line Vu DNA segment also joined on the SP2 frag- 
ment? A visual inspection of the SP2 DNA sequence in the 
region preceding the Dsp2 ; segment indicates that no germ-line 
Vu or Vy-like sequence is attached to the D DNA segment. 
First, there are one, two or four translation termination codon(s) 
in the three different reading frames of the 300-base pair (an 
approximate size of a germ-line Vu segment) region 5’ to the 
Dsp2; segment. Thus, this region cannot constitute part of a 





Fig. 2 Heteroduplex molecules formed between cloned DNA fragments. 
Cloned DNA was digested with EcoRI and examined under an electron 
microscope as described previously’. Thick arrows indicate points at which 
heteroduplexes branch out. The numbers indicate lengths of various parts of 
the molecules in kilobases. In this experiment we used clone ME184-8 
instead of MEP203°’ as a source of the 6.4-kilobase embryonic EcoRI 
fragment..Clone ME184-8 was prepared by Richard Maki and contains, ina 
phage vector, Awss, the 6.4-kilobase EcoRI fragment carrying the four Jy 
DNA segments. a, 6.4-kilobase ME184-8 (J in short-form) versus 5.3- 
kilobase B6B1 (B6), b, 6.4-kilobase ME184-8 (J) versus $.5-kilobase 
SP2B1 (SP2); c, 5.5-kilobase SP2B1 (SP2) versus 5.0-kilobase C3H-2 
(C3H). 
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germ-line Va DNA segment. Second, some amino acid residues 
are highly conserved among the Vy regions. In particular, Cys 
residues are invariably present in all species studied to date at 
positions 22 and 92 and are the only Cys residues in the Vy 
region", These two Cys residues play an important part in 
folding the protein domains through a disulphide linkage*'*. In 
addition, the Trp at position 36 is invariant across species'’. The 
300-base pair SP2 DNA sequence preceding the Dsp2., segment 
contains three Cys and one Trp codons in the frame defined by 
the Jua peptide. Eight Cys and four Trp codons, and four Cys 
and one Trp codons, respectively, exist in the other two reading 
frames. Thus, in all cases the total number of Cys codons is 
incompatible with the notion that the DNA sequence before the 
D DNA segment comprises a Vy, DNA segment. Furthermore, 
the locations of Cys and Trp codons within this DNA sequence 
bear no resemblance to those in a Vy, DNA segment. We 
conclude that no Vu or Vy-like DNA segment is joined with the 
D-J,, DNA on the SP2 fragment. 


Identification of a Dsp2.-like D DNA 
segment in a germ-line genome 


Identification of a D~J,, joining in the DNA of a cytolytic T-cell 
clone allowed the identification, cloning and characterization of 
germ-line D DNA segments. We dissected out the 0.8-kilobase 
Belll-Hindi fragment (Fig. 3C) from the SP2 clone and used 
it as a hybridization probe (SP2DJ probe) for analysis of EcoRI- 
digested total DNAs of both BALB/c and C3H embryos (Fig. 
1b). As this probe contains the J,,3 and its 3’-flanking sequence, 
it detects the 6.4-kilobase embryonic EcoRI fragment carrying 
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Fig. 3 Restriction enzyme cleavage maps of the EcoRI inserts of various 
DNA clones. A, The 6.4-kilobase EcoRI fragment of MEP203°’; B, B6B1; 
C, SP2B1; D, C3H-2, Clone MEP203, which was described previousiy®”’, is 
an embryonic DNA clone and contains three EcoRI fragments, one of which 
is the 6.4-kilabase fragment carrying the four Jy segments. Cleavage sites 
were determined by single and double digestions of the cloned DNA by 
various restriction enzymes. Homologous regions are indicated by bars of 
two types of shading. The broken lines in B indicate the 0.6-kilobase region 
that appeared as a deletion loop in the heteroduplex molecules formed 
between the SP2Bi and C3H-2 fragments. The filled boxes correspond to 
the four J,, DNA segments previously identified on the MEP203 6.4- 
kilobase fragment”’. The open boxes are D segments identified by DNA 
sequencing. Sequencing strategy and finer restriction maps of the 0.8- 
kilobase Bgll]-Hind III] fragment from SP2B1 and the 0.85-kilobase Bg/ll- 
Bell] fragment from C3H-2 are shown in Ch and Dad, respectively. 
Horizontal arrows indicate the directions and extent of sequencing. The 
sequence across the 1.2-kilobase deletion of the B6BI fragment was deter- 
mined using the Xbal-BamHI fragment (B). The Jy probe used in Fig. la 
and the SP2D probe used in Fig. 14 are indicated in A and Ca, respectively. 
Abbreviations used are: E, EcoRI, B, BamHI, H, HindIil; Bel, Bell, X, 
X bal, Xh, Xhek, $S, Sack, Bell, Bell: D, Ddel, A, Avall; kbp, kilobase 
pairs; bp, base pairs. 


meinar annman LRA LAA MY HHL AH AaLi miriada anniina aa ERAAN AAAA eNA Anar ee Ae essere 


the four germ-line Jų segments. In addition, the probe detected 
one (5.0 kilobase), four (18, 6.7, 5.4 and 5.2 kilobase) and three 
(3.8, 3.6 and 2.8 kilobase) bands of high, medium and low 
intensity, respectively, in BALB/c DNA. A similar, but dis- 
tinctive hybridization pattern was obtained in C3H DNA. These 
results may indicate that a number of Dsp21 or Dsp2.,-like DNA 
segments exist in the germ-line genomes of mice, some of which 
are polymorphic. 

We have cloned most of these DNA segments in phage A 
vectors and determined their structure and organization in the 
germ-line genome (Y.K., unpublished). Some characteristics of 
one of the most prominent fragments, that of 5.0 kilobases 
(clone C3H-2, C3H in short-term) isolated from C3H embryos, 
are described here. The heteroduplex formed between clone 
C3H-2 and the SP2 fragment (Fig. 2c) and the restriction 
enzyme maps (Fig. 3C, D) indicate that the two DNA fragments 
are extensively homologous in the 3.6-kilobase region which 
starts with the 5’ EcoRI end and ends somewhere near the 
position of Dsp2,, on the SP2 fragment. However, that the 
homology is imperfect is clearly shown by the presence of a 
0.6-kilobase insert (or deletion) in the C3H (or SP2) clone. 
Nevertheless, the above result suggests that the clone C3H may 
contain a Dsp,,-like DNA segment at the 3’ edge of the 
homology. We therefore prepared a finer restriction map 
around this region and determined the entire DNA sequence of 
the 0.85-kilobase BglI]-Belll fragment, according to the stra- 
tegy shown in Fig. 3Db. | 

As predicted, the sequence homology between the SP2 and 
C3H fragments is extensive, starting with the 5'-BgilII site and 
ending with the triplet AAC, the last codon of Dspz. on the SP2 
fragment (Fig. 4). There are 28 single-base substitutions or 
deletions (or insertions) in the 485-base pair homology region, 
two of which are within the D DNA segments. The D DNA 
segment on the embryonic clone C3H is flanked by two sets of 
the putative recognition sequences with 12-base pair spacers. 
This confirms the universality of the 12/23-base pair spacer 
model’*, Although the C3H-2 D DNA segment and Dsp2; are 
highly homologous, the imperfectness of the homology in the 
5'-flanking regions as well as in the coding segments themselves 
clearly indicate that they are two different copies of the D 
segments that occupy independent positions in the germ-line 
genome. We therefore refer to the C3H-2 D DNA segment as 
Dsp22. 


The B6 fragment contains another 
joined D-J sequence 


Figure 5 shows the sequence across the 1.2-kilobase deletion of 
the B6 fragment and sequences of the embryonic fragment that 
cover the S’ and 3’ boundaries of the deletion. The sequence 
homology between the B6 and the embryonic fragments ends 
with the C-G base pair immediately to the left of the line Ld and 
resumes with a T-A base pair immediately to the right of line Rd. 
The latter base pair corresponds to the second letter of the Phe 
codon TTT located near the 5' terminus of the previously 
identified Juz sequence’®. The single base pair C-G present on 
the B6 fragment and flanked by the two lines, Ld and Rd, is 
unaccounted for by the embryonic sequence (see below). Ld is 
preceded by a putative enzyme recognition sequence, 


GGTTTTGAC CACAGTG 
CCAAAACTG GTGTCAC 


both on the B6 and MEP203 fragments. On the latter fragment 
Ld is followed by nine base pairs, which are in turn followed by 
another putative signal sequence, 


CACGGTG . ACAAAAACC 
ctaccac (12-base pair spacer) MGTTTTTGG 


(12-base pair spacer) 


Thus, the 9-base pair sequence on the MEP203 fragment fulfills 
the requirement imposed on a D DNA segment by the 12/23- 
base pair spacer rule’®. We therefore conclude that the B6 
deletion is due to the joining of the Ja sequence witha D DNA 
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C3H-2 


SP2Bl 


C3H-2 


SP2Bl 


C3H-2 


SP2B1 


Ld 6 « 
C3H-2 AGATCTGCATCGTCAGTGAGGACATCAAAGAGGAAAGGAAAAGCATGTCTCAAAGCACAATGCCTGGCTTGGGATGCTGTC 
BglII 
SP2Bl AGATCTGCATCGTCTGTGAGGCCATCAAAGAGGAAAGGAAAAGCATGTCTCAAAGCACAACGCCTGGCTTGGGATGATGTC 
BglII 


ee e a e e * 

TGCAGCTTCTGCCCTAGATCCTCTCACTCTACATGTAAGGGGCTCAAGGCATCAACCTAGAACTTCCCACTAAGGAGGAAGGAAGGCAGCATGETGGTCAGGAAGTCGTCCAGAAACAGA 
pder 

CACA-CTTCTGCCCTAGATCCTCTCACTCTACATGTAAAGGGCTCAAGGCATCAACCTAGAACTTTCCAC TAAGGAGGAAGGAAGGGAGCATGT TGGTCAGGAAGTCATCCAGAATCAGA 
Bdef 


e e e ° ® e on 4 ° 
CCTCTCCAGTATTTCTTATGACCCCTCCCCCAGCAGCCACTGTCTAGG-CACTCAGAGAGCAAGGGATGTTGTGAAGTCAGCCTTGTGACAGCCCCAGGTACATTTACTTATATAGGACC 
Der Avary 


CCTATCCAGTATT-CTTATGACCCCTCCCCCAGCAACCACTGTCTAGGACACTCAGAGAGCAAGGGATGT TGGGAAGCCAGTGTTGTGACAGCCCCAGGTACATTAACTTGTATAGGACC 


Dder Avarr 


a © œ 
TCCCTGGGGAGATAGAATCCCAGGAGTAAAAATGCTGGATGTACACTAAGGATGGCCCCTGACACTCTGCACTGCTACCTCTGGCCCCACCAGGCAATGTTCCTGCAGAATCTCTTACCT 
Dde 


DPder 


Dsp22 


TCCCTGGGGAGATAGAATCCCAGGAGAAAAAATGCTGGATGTACACTAAGGATGGCCCCTGACACTCTGCACTGCTACCTCTGGCCCCACCAGGCAATGTTCCTGCAGAACCTGTTACCT 


C3H-2 rarvensacferreipatoatcmfacrardromcrsetetacm Gaetan afin mVESCHMACTETIETEANMENE 


SP2.1 


113 


TOCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATTCT 


12 bp TyrcTyrGlyasn te ee ee 
SP2B1 TACTTGGCAGGBATTTTTGICAAGGGATCTACTACTGTG ACTGTGTCTACTATGGTAA 


MEP203 ceancnncferrarorfncacarctanrchrnarsanci aatorder 


J3 113 


hdeAlaTyriTrpGlyGinGlyThrLeuValThrvaiSeradAla 
TIGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATTCT 


C3H-2 AGTCAAGAGGAGCTTGCACCTTAGGGGGCTATATCTGAATCTCGACAACTGAGAATCATTAGTTAATAGGATCCAACACAGAGCTITATGACTACCCACAGACAGGTGAAAGCACACTAA 


Dder 


8 
SP2B1 AAATGCATGTTGGGGGGATTCTGAGCCCTTCAGGACCAACATTCTCTGCAAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTCTGGGTCAGGGACICTCTGCCTG 


Ddel Aval 


C3H-2 AGACAGATCCCAATAGTCTCTCACCCAGAATCTTGGTACCCCATTAGAAAAGAACTCTCAGCTCTCCACATGGACCAGTGCCTCCGTTCAATAAGAAGGGCCCAGTAGATCT 


oder Avar Bgirr 
SP2B1 CTGGTCTGTGGTGATATTAGAACTGAAGTATGATGAAGGATCTGCCAGAACTGAAGCTT 


HindIII 


Fig.4 Nucleotide sequences of three DNA clones: C3H-2, SP2B1 and MEP203 (refs 6, 7). All sequences were determined by the method of Maxam and Gilbert”. 
The sequence of the 0.85-kilobase BgilI-BglIl fragment of clone C3H-2 is aligned for the maximal homology with the sequence of the 0.8-kilobase BelII]—Hind III 
fragment of clone SP2B1. Also aligned with the SP2B1 sequence is the sequence of the J,,,-containing region of clone MEP203, which was determined previously in 
our laboratory’. The SP2B1 fragment contains a D segment (Dgp, ,) fused with the J,,, segment. Amino acid residues encoded by the fused Dep., and Jy on the 
SP2B1 fragment and those by the unfused J,,, on the MEP203, numbered according to Kabat et al.'', are indicated in italics. The SP2B1 sequence is extensively 
homologous to the C3H-2 sequence from the 5' BglII site to the Dsp2.1—Ju2 boundary, where the homology switches to the MEP203 sequence. The dots and dashes 
indicate base substitutions and deletions within the homologous regions. The putative recognition sequences for recombinations are boxed. C3H-2 contains a D 
segment, Dgp, >. 


segment located 1.2 kilobases upstream. This D DNA segment 
has been independently identified during analysis of a rear- 
ranged fragment isolated from myeloma QUPC5S2 and is there- 
fore referred to as Das (see the accompanying article’), 

As mentioned above, one base pair, CG, is inserted on the B6 
fragment at the site of recombination. Based on repeated 
sequencing of the relevant region, we believe that error is 
unlikely. This suggested the possible involvement of an inter- 
mediate recombination, the extra base pair arising from an 
independent D DNA segment. However, as described in the 
accompanying article, no additional D sequence has been 
identified between Dgs2 and Jy. Thus, if one is to pursue this 
possibility, it is necessary to invoke a scheme that allows joinings 
of multiple D DNA segments, the order of which in the assem- 
bled gene is independent of that in the germ-line genome. 
Although such a scheme is possible, one alternative is that the 
act of recombination introduced the extra base pair at the site of 
joining. 


Structure and diversity of D sequences 


In the digest of BALB/c mouse embryo DNA (Fig. 15) the 
SP2D probe detected at least eight EcoRI fragments, each of 
which is likely to contain at least one copy of a Dsp) ;-like DNA 
segment. For the 5.0-kilobase fragment, this was demonstrated 
directly by DNA sequencing, which led to the identification of 
Dep2 2. Our recent result indicates that the 5.0-kilobase band 
contains three EcoRI fragments each of which hybridizes with 
the SP2D] probe (Y.K., unpublished). Thus, assuming that 
positive hybridization with the probe signifies the presence of at 
least one D segment, the minimum number of Dsp2,-like seg- 
ments is 10 (8 bands, of which one is triple). 

If Dsp21-like DNA segments are abundant, as the Southern 
gel blot suggests, this is in agreement with the frequent 
appearance of the Dcp2 1-like sequences in the D regions of the 


assembled V genes. The D-coding regions of seven out of eight 
assembled Vy genes sequenced to date contain a palindromic 
13-mer, TACTACGGTAGTA (ref. 8), or its variants (Table 1). 
The Dsp2., and Dsp22 also contain sequences similar to the 
13-mer (Fig. 4, Table 1). In addition, the D regions of most 
mouse Vy, regions for which amino acid sequences are available 
contain a tripeptide Tyr-Tyr-Gly that is encoded by the Dsp2.1 
and Dsp22 segments'’. Even the Dosz segment which did not 
cross-hybridize with the Dsp2,-like segments (Y.K., unpub- 
lished) shows significant homology, not only in the coding region 
(Table 1), but also in the flanking regions (Figs 4, 5). Thus, many, 
if not all D segments are related to the Dsp, segments, both 
evolutionarily and structurally. 

Many D regions. have extensions on one or both side(s) of the 
13-mer (Table’ 1). The only striking characteristic of the 
sequences within these extensions is that the 3’ extension of the 
M173-II region shares a heptamer, CGGGGGT, with the H76 
D region, the only D region apparently having no homology with 
the core 13-mer (Table 1). Each of these D regions may be 
encoded by its own D segment. Alternatively, some D regions, 
particularly those with relatively long extensions, may be 
encoded in two or more discrete D segments which are joined in 
the complete V genes. Two observations argue for the presence 
of D-D joinings. First, one and four base pairs at the presumed 
Das2-Jy2 joining sites of the B6B1 and Q52 clones were in fact 
encoded neither by the Dgs2 nor Juz DNA segment (ref. 19 and 
Fig. 5). Second, we have been unable to detect a Dm14ı band in 
Southern gel blots of embryo DNA when this sequence of 44 
base pairs (Table 1) was dissected out from the complete Vai: 
gene and used as the hybridization probe. In the same hybrid- 
ization conditions the Ju, band was easily detected using the 
corresponding probe of nearly the same length (H.S., unpub- 
lished). If D-D joinings indeed occur, we predict that some D 
segments carry putative recognition sequences with 23-base pair 
spacers on at least one side. 
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Dase2 42 


| 12 . 
MEP203  AGCOTCAGAGTCCCTGTGGTCTCTGACTGGTGCAASGTTITGAGT ANGCGGAGCACEACAGTGHRACTGGGACEACOGTGRCGCGTGGCTC? TCTGTTTGGA 


Q52 


12 
B6BL AGCCTCAGAGTCCCTGTGGTCTCTGACTGGTGCAASGTTTTGACPAAGCUGAGCACEACAGT GED GACTACTGC 


ne Ki 3 PAGGCTACATGGGTAGATQRGTTTTTGH CACCCACTAAAGGGGTCTATGATAGTGTGACTAC Tener: 
H2 


euAspYyrtrpaiyGianGlythrthrhLeuthyvaiserser 
aC CAAGGCACCACT CS ACAGS TCAGGCTGAG 


JH2 


PhedaptyrtrpGliyGloacigtarthrLeutarvaiserSer 
AC “CAA ACCACTCTCACACTCTCCTCAGGTGAG 


Rd 


Fig.5 Nucleotide sequences of the recombination regions of clone MEP203 and clone B6B1. The sequence across the 1.2-kilobase deletion of the B6B1 clone is 

compared with the two sequences of the embryonic fragment, MEP203, that cover the 5’ ( top)!’ and the 3’ (bottom)’ boundaries of the deleted segment. The two 

vertical lines, Ld and Rd, designate the left (5' side) and the right (3' side) boundaries of the deletion as determined by DNA sequencing, respectively. The other 
markings are as in Fig. 4. 


Somatic diversification of heavy 

chains by Vu-D-Jų joinings 

Amino acid sequence data’? strongly suggest that the three 
types of germ-line V gene segments, Vij, D and Jy, combine in 
various, albeit not all possible, combinations to form complete V 
genes that are active in myelomas and presumably in B lympho- 
cytes. The presence of the common ‘recognition’ sequences on 
the joining ends of all three gene segments supports this 
‘random’ assortment. Furthermore, in both « light- and heavy- 
chain genes it has been established that a given J DNA segment 
can assort with different V DNA segments**”*, 

Another somatic mechanism that might be used to amplify the 
coding capacity of immunoglobulin genes has been previously 
suggested by us* and by Max et al.°, based on a proposed 
flexibility in the joining enzyme(s) with respect to the exact 
recombination sites on a given pair of joining gene segments. 
Although several previous observations in the «x-gene system 
support this hypothesis**’**°, none of the previous studies 
provides direct evidence for the hypothesis, because no two 
joinings examined took place between the same pair of gene 
segments, The present study, when combined with that 
described in the accompanying paper'’, presents such a case. 
Thus, the D-J joinings observed in myeloma QUPCS2 and 
T-cell B6 both used the Dos: and Juz, and yet the exact 
recombination sites differ both on the D and J sides in the two 
joinings as shown below, 


QF? 
Dos2 GCACCACAGT GCAACTGGGACCACTGTGACGC 
Jes GATAGT GT GACTACTTTGACTACTGGGGCCAA 


BO ob? 


where the arrows indicate the recombination sites and the 
underlined sequences are the palindromic heptamers. Provided 
that these recombinants represent the intermediates of success- 
ful V-D-J joinings, we can conclude that modulation of exact 
recombination sites is another source of antibody diversity that 
is generated somatically. 
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T-cell antigen receptors are not encoded in 
assembled Vu, D and Jy segments 


Our gel-blotting experiments using the Jy hybridization probe 
demonstrated that the DNA sequences are often, but perhaps 
more importantly not always, rearranged in the vicinity of the J, 
cluster in various clones of cytolytic T cells and in thymomas. 
Two other groups reported similar findings and implicated them 
in the somatic formation of the complete structural genes coding 
for the antigen receptors of T cells'’'*. The present results 
clearly rule out such a simple interpretation of the gel-blotting 
experiments. The recombinations in both SP2 and B6 cells 
involve D and J sequences, but no Vu sequence. In fact, neither 
recombinant can code for a V-like polypeptide chain in the 
region located 5S’ to the recombination sites. We also emphasize 
that the recombination does not always occur among T-cell 
clones; we observed no indication of rearrangement around the 
J,, cluster in four well characterized clones of functional cytolytic 
T cells. We thus conclude that if the Va DNA pool is shared by T 
and B cells to encode the antigen receptors, the four Ju segments 
identified to date are not used for rearrangement, at least in 
cytolytic T cells. It may be that T-cell receptors are encoded in 
an entirely different set of genes, or alternatively T and B cells 
share the same or an overlapping set of germ-line Vy genes, and 
another set of J-like and C-like DNA segments exists elsewhere 
in the genome, with which a V DNA segment joins specifically in 
T cells. Why, then, are there D-J, joinings in T cells? One 
possibility is that they occurred in the common precursor cell 
which gave rise to B and T cells and have no active role in T-cell 
function. As discussed in the accompanying article’, D-J, 
joinings might be common on the unexpressed copy of 
chromosome 12 in myelomas, and one recent study” suggests 
that this might also be the case in natural B lymphocytes. 
Alternatively, the hypothetical T-cell recombinase may mediate 
these joinings due to lack of absolute specificity for the gene 
segments encoding the T-cell receptors. 
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A lower limit for 
the birth rate of pulsars 


Ramesh Narayan & M. Vivekanand 
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. Using experimental data on observed pulsars, we have esti- 
mated a lower limit for the birth rate of pulsars in our Galaxy to 
be Bı» = 0.0111 (+0.0050) K pulsars yr™, where K, the ‘beam 
factor’, allows for the possibility that only a fraction of all pulsars 
is beamed towards the Earth. If we take’ K to be 5, we obtain a 
mean birth rate of 1 pulsar per 18 yr while we can place a firmer 
lower bound with 95% confidence of 1 per 50 yr. Two important 
new features of the present approach are: (1) we do not assume 
any model for pulsars; (2) we have allowed for selection effects 
(in a model independent way). Apart from obtaining a more 
reliable number for the birth rate of pulsars, we conclude that 
the quantity P/ (2P), where P is the period of the pulsar and P is 
its time derivative, is probably a good measure of age in ‘young’ 
pulsars up to half a million years old, and that selection effects 
which have been neglected in all earlier calculations are 
significant. The present calculation reduces the discrepancy 
between pulsar and supernova birth rates. 

We assume that P is always positive and that the pulsar 
distribution in the Galaxy is in a steady state. Let 
o.(P, P, L) dP dP dL be the density distribution of pulsars in the 
Galaxy, where L is the intrinsic pulsar radio luminosity. The 
distribution po(P, 'P L) of pulsars observable from the Earth is 
then given by 


p(P, É, L) = KS(L)po(P, É, L) (1) 


where the scale factor S(L) is the ratio of the total volume of the 
Galaxy to the volume covered in pulsar searches, both weighted 
by the known radial density distribution of pulsars in the Galaxy. 
K is assumed to be independent of P, P and L and to have a 
value’ 5. Now, the flux or current of pulsars at any period P 
moving from lower to higher periods is given by 


_f(P)= [ [ oP, É, L)P dP dL 


=K i | j S(L)po(P, P, L)P dP dL (2) 
0 0 


Clearly, f(P) is equal to the number of pulsars being born per 
unit time in the period Q—P, minus those dying in the same range. 
Therefore, f(P) is rigorously less than or equal to the total birth 
rate B. For better statistics, we consider the following average of 


f(P) 





| " {(P) dP <B (3) 


0 


F (Prax) = 5 


where the rigorous inequality is obviously true for all values of 
Pisa: 

We have estimated F(P,,,,) by means of equation (4) using 
experimental data available for 210 pulsars detected by the 
Jodrell Bank’, Arecibo? and Second Molonglo* surveys above 
their quoted minimum flux sensitivities: 


F mean(P max) = a P ES S(L)P;; 


max i 


0< Pi< Pmax (4) 


The quantities S(L;) were computed using published experi- 
mental details regarding sky coverage, receiver temperature, 
and so on of the above three surveys. As a check on our values of 


S(L;), we have calculated the total number (+ standard devia- 
tion) of pulsars in the Galaxy to be 


N =K ¥ S(L:}) = 6.05 (+1.88) x 10° pulsars (5) 


From a careful statistical analysis we have also obtained a lower 
limit Nosip with 95% confidence to be 3.19 x 10° pulsars. These 
numbers are in good agreement with the standard quoted 
value’” of 510° pulsars. Using equation (4), we have cal- 
culated Finean(Pmax) and also Fo514(Pmax) at Various values of P nax 
{the solid and dashed lines in Fig. 1). By equation (3), any value 
of Pmax can be selected to set a lower bound on B. However, 
F nean iS sensitive to statistical fluctuations arising from individual 
pulsars whereas F511 is relatively unaffected. We have therefore 
selected the Pmax at which Fo51, is maximum. Thus 


Bip = Prean(1.3 8) 
= 0.0555 (+0.0248) pulsars per yr per Galaxy 
= 1 pulsar in 187§° yr | . (6) 
Bos» = 0.0200 pulsars per yr per Galaxy 
= 1 pulsar per 50 yr l 


The present calculation has two distinct advantages over earlier 
approaches. 

All earlier attempts to estimate B assume’” that the age 7 of a 
pulsar is given by the quantity P/ (2P). This relation implies that 
pulsars slow down because of magnetic dipole radiation® and 
that the magnetic field does not decay. Our calculation has no 
such model dependent assumptions. However, we have also 
developed a variant of the r calculation’ using our concept of 
pulsar current and individual scales, $(L,). This gives a By, of 1 
pulsar per 273” yr and a Bos1, of 1 pulsar per 84 yr.'From the 
approximate agreement of these numbers with our rigorous 
results in equation (6) we conclude that P/ (2P) is a reasonable 
measure of pulsar age up to about half a million years, thus 
setting a lower limit on the decay time of the magnetic field. 

This is the first calculation to allow for any selection effects 
which might arise from pulsar luminosities being correlated with 
P or P. Such correlations have been neglected 1 in earlier cal- 
culations in spite of there being some evidence” for them. To 
assess the significance of selection effects, we have computed 
B» using equation (4) with a single average scale factor (S(L)) 
for all pulsars’, thus in essence neglecting correlations between 
L and P or P. We then obtain a birth rate of 1 pulsar per 


0.10 


0.06 


0.02 


F(P max) (pulsars per yr per galaxy) 





00 05 10 5 20 
Pmax (8) 


Fig. 1 The solid line shows Fyican(Pma,) While the dashed line 
shows Fo51p(Pmax). We have selected the values at Pmax = 1.38 to 
estimate pulsar birth rate. 
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6.9°!4 yr, From a statistical comparison of this result with that 
given in equation (6) we can state with greater than 95% 
confidence that selection effects are significant and cannot be 
neglected in birth rate calculations. This throws all earlier 
calculations into doubt. 

The present estimate of pulsar birth rate reduces but does not 
solve a fundamental problem on the origin of pulsars’. The birth 
rate of supernovae, commonly believed to be the progenitors of 
pulsars, has lagged far behind pulsar birth rates, typical esti- 
mates ranging from 1 supernova per 50 yr to 1 per 150 yr (ref. 1). 
Our pulsar birth rate in equation (6) is significantly lower than 
earlier estimates, which are typically 1 pulsar per 7 yr but has not 
completely bridged the gap. 

After submitting this work we received a preprint by E. S. 
Phinney and R. D. Blandford in which the concept of a current in 
the PP diagram has been used to test pulsar evolutionary 
models. 

We thank J. H. Taylor for his comments and, in particular, for 
pointing out the importance of selection effects, We also thank 
R. Nityananda for helpful discussions. 
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Atria nienean abe 


Since the discovery’ of a 283-s pulsation of an X-ray binary Vela 
X-1, several observations’*® between 1975 and 1978 have 
revealed that its pulse period P was decreasing with an average 
value of P/P = —1.5 x 107* yr“. The long-term spin-up which is 
considered to be caused by the angular torque of accreting 
matter, is a common feature of X-ray pulsars. The pulse periods 
of Vela X-1 were measured by the Japanese satellite Hakucho in 
March 1979 and March 1980, and the period in the latter was 
found to be significantly greater than in the earlier period 
despite the general spin-up between early 1976 and early 1979. 

Moreover, we have measured for the first time the spin-down 
rate P/P = (2.6£0.2)x 107° yr’ in March 1980. This spin- 
down phenomenon is of great importance, as it is considered to 
be a manifestation of the dynamical behaviour caused by the 
internal structure of a neutron star. 





Pulse delay times {s} 
L 





-150 
2 10 14 
Julian days (~2,444,300) 


Fig. 1 Doppler delay curve of the Vela X-1 pulse arrival times 

observed in March 1980 compared with the calculated delay curve 

for the best-fit eccentric orbit with parameters given in Table 1. 

The vertical bars are measured delays with the length representing 
+ ieg error limits. 
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Fig. 2 The long-term pulse period history of Vela X-1. The 
measurements were made with Copernicus and Ariel V {CP and 
AS)® SAS 3 ($3)*7, COS B (CB)*, OSO 8 (08)7, Balloon (BA)® 
and Hakucho (HA, present work). The solid line represents a long 
term spin-up at a rate of P/P = —1.5 x 107* yr7! for guiding eyes. 
The short solid line attached to the 1980 point indicates the 
spin-down rate derived from the present observation (see text). 


We observed Vela X-1 in 8.1-21.8 March (UT) 1979 and in 
5,.2~24.0 March (UT) 1980 from Hakucho, with its spin axis 
detectors in the energy range 1-22 keV. The binary period, the 
duration of eclipse, the pulse profile and its energy dependence 
are in good agreement with earlier results. The X-ray flux varied 
erratically by a factor of four in positive correlation with the 
softness ratio, which is the ratio of counting rate in the energy 
range 1-9 keV to that in range 9-22 keV, in addition to the 
variation associated with the binary phase. The X-ray luminosity 
observed in March 1980 was (1-5) 10°% ergs”’ in the energy 
range 2-22 keV at the estimated distance of 1.2 kpc, which is 
comparable with that in the previous observations. 

Despite the differences in profile and intensity of each pulse 
the epoch of the pulse arrival time can always be identified by the 
sharp minimum of the pulse profile. Its epoch is obtained only 
within an accuracy of ~ 10s for each pulse. Utilizing an unin- 
terrupted pulse train consisting of several successive pulses for 
each satellite orbit improves the accuracy to 3 s. We obtained 35 
and 115 epochs of pulses in 1979 and 1980, respectively. 
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Table 1 Best-fit orbital parameters for Vela X-1 


Parameters SAS 37 Hakucho Hakucho 
November 1978 March 1979 March 1980 

a, sin i{lt-5) 112.3+0.8 113.4+3,8 114.441.3 

f(M) (Mo) 19.0+0.4 19.5+2.1 20.0+0.7 

e 0.094 + 0.005 0.04 + 0.07 0.091+0.019 
w 158° + 5° 182° + 26° 160° + 7° 
P(s) 282.7468 + 282.746+0.006 282.7874+ 
0.0004 0.0014 

P > {-—9+18) {—20+ 10) (23.0+ 1.8) 

x 1077 «x 107° «107° 
7(JD — 2,440,000) 3,823.53 +0.13 3,938.44 0.7 4,307.68 +0.18 
Pr» (days) 8.9643§ 8.965§ 8.965§ 


*All quoted uncertainties are single parameter 1e confidence limits. 
tAfter Table 1 of ref. 7 

Corresponding to P/P = (~0.001+0.002) yr™*. 

§Orbital periods are fixed in the fitting. 


The epoch of the nth pulse, after correcting for the heliocen- 
tric motion of the Earth, is expressed as 


t, = fa + Pon +4P,Pn? +a, sin iF (6, w, e, 7) 


where P, is the pulse period at a specified epoch t, P is the rate 
of change of the period, a, sin / is the projected semi-major axis 
of the orbit of the X-ray star, and F represents the effect of an 
eccentric motion with the periastron longitude œ, the eccen- 
tricity e, the time of periastron passage 7, and the mean anomaly 
0=2mr (t-7)/Po. The orbital period derived from X-ray 
eclipses between November 1978’ and March 1980 is Pow = 
8.965+0.001 days. This is considered a fixed parameter for the 
present analysis. Table 1 shows the orbital parameters obtained 
by fitting the observed pulse arrival times to the above equation. 
The best-fit Doppler curve for the data of March 1980 is shown 
in Fig. 1. All the parameters except P and P are consistent with 
earlier results”*’. 

Both the increase of the pulse period P between March 1979 
and March 1980 and the positive value of P in March 1980 are 
remarkable. In March 1979 P = 282.745 + 0.006 (1a)s, which 
lies nearly on the extrapolated line with P/P = —1.5 x 107* yr“, 
whereas P = 282.7874+0.0014 (1a)s in March 1980 which is 
significantly above this line, as shown in Fig. 2. This appreciable 
change in P seems to indicate a spin-down of the pulsar within a 
year. A similar increase of P was observed in late 1975° and is 
suspected to be associated with a flare occurring in August 
1975°. The increase in period observed in March 1980 may also 
be related to a flare in July 1979 observed by Hakucho*’. 
Utilizing the data over two ortbital cycles in March 1980 we 
obtain P =(23.0+1.8)x107°, or P/P =(2.640.2) x 107° yr7’. 
*. Thus Vela X-1 occasionally undergoes a spin-down in the course 

_ Of spin-up over a period of many years. 

The observed increase of spin period can hardly be explained 
by fluctuations in the accretion rate’’’*, because the X-ray 
intensity in March 1980 is essentially the same as it was pre- 
viously, although the model gives a favourable explanation for 
the period changes of the fast rotator such as Her X-1 and Cen 
X-3. Other external mechanisms of torque variation, such as 
mass ejection from the neutron star or the reversal of accreting 
stream in the wind-fed accretion, seem to have difficulty in 
accounting for the observed high rate of change of the pulse 
period. The internal torque acting on the crust of the neutron 
star, such as the braking stress of the rotation of crust caused by a 
lagging fluid core’*, seems to be a possible explanation of the 
observed spin-down episode. A detailed consideration the 
theoretical treatment of such a problem as well as further 
observations of the period change will be reported elsewhere. 
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The very soft X-ray 
transient H1853 + 60 


Robert A. Stern, Prahlad C. Agrawal* 
& Guenter R. Riegler 


Jet Propulsion Laboratory, California Institute of Technology, 
Pasadena, California 91103, USA 


The increased sensitivity, sky coverage and spectral range of 
X-ray Observatories have revealed a wide range of transient 
phenomena. The ‘classical’ X-ray transients flare rapidly, 
sometimes increasing by more than an order of magnitude in 
X-ray flux in a matter of days, and decay on time scales of 
months. Such transients are mainly located in the galactic plane, 
often associated with ‘steady’ X-ray sources’. Some high galactic 
latitude transients, most of which are optically unidentified, 
have been observed to vary on time scales of tens of seconds to 
days’. Most transient sources have been detected at energies 
greater than 1 keV; more recently, however, softer X-ray tran- 
sients have been detected with observations on HEAO 1 and 


- other satellites”. We now report detection of a new soft X-ray 


transient, H1853 + 60, using data from the low energy detectors 
(LEDs) on the HEAO 1 A-2 experiment. 

H1853+60 was observed by both LEDs 1 and 2 during a 
series of scans in ecliptic latitude on 13 May 1978 (see ref. 8 for 
details of the A-2 experiment operation). The source was 
detected at levels of 5.3 and 6.30 above background on two 
scans by LED 1 in the 0.16-0.4 keV band. There is no evidence 
for any emission above 0.5 keV. The source detection in LED 2 
at the same sky location as LED 1 is significant, since that 
detector is offset by 6° from LED 1 in the scan plane, providing 
convincing evidence that the transient was not due to time- 
dependent particle events or instrumental effects. The source ts 
unresolved by the 1.55° FWHM field of view of LED 1 along the 
scan direction. 

Figure 1 plots the light curve of H1853+60 in the 0.16- 
0.4 keV band for 30 April~23 May 1978 (days 120-143). The 
source intensity has been corrected for the LED 1 collimator 
response (2.95° FWHM) perpendicular to the scan direction, 
assuming that the true source location is at the centre of the 90% 
confidence error box shown in Fig. 2. Scans with angular offsets 
= 1.5° from scan plane passing through the error box centre 
were not included so as to minimize possible systematic errors. 
Before 10 May, there is no evidence for a steady source (20 
upper limit ~ 1 c.p.s.); an upper limit to flare-like behaviour is 
<3 c.p.s. From 11 to 16 May, the data are inconsistent (prob- 
ability =1%) with any single count rate, even if we remove the 
two =5oar ‘flare’ scans. Summing scans together on a day-to-day 
basis, we also find no evidence for the presence of a source 
(<20) before 10 May, but there is some (~3.5a7) indication of 
post-outburst emission on 14 May; by 15 May the source is 
gone. 

The peak LED 1 count rate on 13 May was 9.3 + 1.5 c.p.s. 
above background, corresponding to a broad-band flux of 
~3x 107" ergcm™’s7' in the 0.16-0.4 keV band. H1853+60 
was not detected in a steady or flaring state 6 months earlier 
when HEAO 1 scanned the same area of the sky. In addition, no 
steady source was detected in the HEAO 1 MED or HEDs 
(2-10 keV band)’®, and an examination of individual MED and 
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HED scans while H1853 + 60 was flaring shows no evidence for 
X-ray emission (F. Marshall, personal communication). 

Because of the relatively poor spectral resolution of propor- 
tional counters at such low energies, we can only obtain upper 
limits to the source temperature and interstellar medium column 
density of T<10°K and Ny<10°°* cm7, respectively. The 
spectrum does, however, exhibit a steep rise at the lowest 
detectable energies, suggesting that much of the energy output 
of the transient event was below our detection threshold of 
0.16 keV. 

A search for possible optical counterparts for H1853+ 60 in 
the available literature has produced the following candidates: 
the Mira variable AD Dra which is located at the northeastern 
corner of the error box, the faint (15th magnitude) galaxy 
MCG+10—27~-001, the centre of the Zwicky cluster 
ZC1851.3 +6032, the nearby double star Gliese 725A and B, 
and a number of 8th and 9th mag SAO stars. There are no 
previously discovered X-ray sources, Yale catalogue bright 
stars, RS CVn systems and other variable stars, white dwarfs, or 
other proper motion or nearby stars in the error box. 

Gliese 725AB (dM4, dM4.5; HD173739) has been reported 
as a flare star. Although there is no evidence for hydrogen 
emission—-a characteristic usually associated with UV Ceti flare 
stars—Ca II emission has been observed (this, however, is 
common in late-type dwarfs)'*. Few X-ray flares from UV Ceti 
stars have been observed, and those that have been are generally 
seen at harder (22 keV) energies than H1853 + 60 (refs 13, 14). 
AT Mic, which was detected by both the HEAO 1 LEDs and 
MED, had a flaring spectrum characterized by T210’K 
(ref. 14). The detection of H1853 + 60 at =5qa for two successive 
scans separated by 0.1 day is also not consistent with typical UV 
Ceti flare risetimes'*. If HD173739 proves to be the optical 
counterpart of H1853+60, one possibility is that we have 
observed a ‘long-duration enhancement’ such as that seen in the 
solar corona, with risetimes of the order of hours, and decay 
times of a day or more; even these enhancements, however, 
have characteristic temperatures only slightly lower (~3-7 x 
10° K) than those of a solar flare'*'®. 

Although the stellar flare hypothesis cannot be definitely 
ruled out, we must also consider the similarity of H1853 + 60's 
spectral and temporal characteristics to several other transients 
observed by the HEAO 1 LEDs*”, suggesting a common emis- 
sion mechanism for these events. As the transients referred to 
were initially discovered using 1-day superpositions of the LED 
data, which have been examined extensively (J. Nousek, 
personal communication), it is unlikely that many more tran- 
sients as strong as these will be discovered, except on an 
individual scan basis. The only unusual class of optical object 
common to the transients’ error boxes are Mira variables, of 
which ~4,500 are known. Given an error box area of ~ 1.5 deg’, 
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Fig. 1 Light curve of H1853 + 60 in the 0.16-0.4 keV band. Error 


bars are tla. 
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Fig.2 90% confidence error box for H1853+ 60, HD173739 = 
GL7T25A. 


there is =10% probability that a Mira variable would be found 
within a typical LED error box by chance alone. (Ref. 8 reviews 
the possibility of such transient X-ray emission in supernova 
outbursts, undiscovered RS CVn systems and shock heating 
of the atmospheres of the Mira variables described above, 
none of these mechanisms is likely to account for emission in 
H1853 +60.) 7 

The suggestion of a U Gem-like outburst from an as yet 
undiscovered dwarf nova (also discussed in ref. 8) is intriguing 
because of the similarity of the spectra observed in both U Gem* 
and H1853 +60, and the approximately equal risetimes for the 
outbursts. Although U Gem was also observed in harder (2~ 
10 keV) X rays'’, the 0.16-0.4 keV peak flux from H1853 + 60 
is about 10 times less than that from U Gem, and thus if the 
harder X rays scale proportionately, the hard X-ray flux from 
such a dwarf nova outburst would fall below the sensitivity 
level of the MED or HEDs for single scans (~4-6 
10°'' ergem™’s7'). If we assume that H1853+60 is indeed a 
dwarf nova with the same X-ray luminosity as U Gem, we derive 
a distance of about three times that of U Gem, or ~300 pe, 
based on usual distance estimates”. If the optical outburst is 
scaled in luminosity, the optical counterpart of H1853+60 


would be at V~12 at outburst and V ~16 when quiescent. 


Although fainter U Gem-type systems have been discovered”, 


- the completeness of the sample of U Gem stars down to a 


particular limiting magnitude is unknown; further optical 
observations will be needed to confirm the dwarf nova 


~ hypothesis. 


We acknowledge useful discussions with J. Nousek. This 
work was performed at the Jet Propulsion Laboratory under 
NASA contract NAS 7-100. P.C.A. is a NAS-NRC Senior 
Research Fellow. 
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The Kelvin equation’ relates the equilibrium vapour pressure of 
a liquid to the curvature of the liquid—vapour interface. It 
predicts that undersaturated vapours will condense in channels 
of sufficiently small dimensions. While the applicability of the 
Kelvin equation to organic liquids with meniscus radii as low as 
4 nm has been verified by direct experiment’, its applicability to 
water for meniscus radii below 4 nm is unverified, and has been 
doubted**, We have used Fizeau interferometry to measure 
directly the capillary condensation of water ina wedge between 
fused silica surfaces. Measurements were made at relative 
vapour pressures (P/P.) from 0.996 down to 0.945, cor- 
responding to theoretical meniscus radii from ~120 to 9am. We 
find only a small discrepancy between our experimental results 
and the Kelvin equation in the vapour pressure range covered, 
provided that correct account is taken of the effect of the 
adsorbed film, up to 200 nm thick, on the meniscus shape. 

The Kelvin equation forms the basis of critical nucleation 
theory’, and is widely used in the interpretation of such diverse 
phenomena as adhesion’, the enhanced solubility of small 
particles’ and the retention and transport of liquids in porous 
materials” '°. Because water is an important liquid in the above 
applications, we need direct experimental evidence concerning 
its capillary condensation behaviour. 

Cross and Picknett'’ have shown experimentally that water 
obeys the Kelvin equation for meniscus radii > ~4um, but most 
applications of the equation involve much smaller radii. Other 
experiments™* have purported to show that the Kelvin equation 
grossly underestimates the degree of capillary condensation of 
water, but these results are now generally ascribed to the 
presence of impurities*’*, and there have been no reliable 
studies in the important region covering menisci with radii 
< lum. 

For the present experiments, two silica surfaces (either two 
optical flats held as a very narrow wedge, or a spherical surface 
of radius 69 m on a flat surface) were clamped between Teflon 
supports in an evacuated isothermal enclosure. The vapour 
pressure in the enclosure was controlled by an aqueous potas- 
sium nitrate solution. Stringent cleaning procedures, including 
prolonged boiling in nitric acid followed by prolonged boiling in 
freshly distilled water and finally blowing dry with filtered dry 
nitrogen, were applied to the surfaces. 

Each silica surface was first tested for wettability by exposing 
it to the vapour above warm distilled water and observing the 
appearance of coloured interference fringes on the surface (the 
so-called ‘steam test’) ?. Surfaces for which the contact angle is 
non-zero exhibit hazy condensation due to microdroplets, 
rather than clear, broad fringes. At the end of an experimental 
run, the silica surfaces were carefully separated so that the 
condensed liquid collected at one point, where it evaporated. 
The surfaces were then examined in a strong light to ensure the 
absence of any residue. This test is sufficiently sensitive to detect 
dissolved material equivalent to 0.01 of a monolayer. The 
surfaces were then retested for wettability, and finally atomic 
absorption spectroscopy was used to test for the presence of 
inorganic ions (for example, K*) in a small volume (0.1-0.2 ml) 
of water rinsed over each surface after each experiment. Only if 
all these tests were passed was the result of an experiment 
accepted, Also, no experimental run was accepted unless the 
same results were obtained with increasing and decreasing 
relative vapour pressure. 
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The appearance of capillary-condensed water in a wedge 
between two optical flats is shown in Fig. 1. The Fizeau fringes 
are shifted with respect to their position when the surfaces were 
dry because of the presence of the adsorbed water film. This shift 
was used to calculate the adsorbed film thickness Z, (Table 1). 
The distance D,,., between the silica surfaces at the meniscus 
can then be calculated from the fringe positions in the dry state. 
The results of condensation experiments for both the wedge and 
the sphere-on-flat configuration are given in Fig. 2, in which 
~In(P/ P.) is plotted against 1/D,,... 

The finding that water reversibly forms relatively thick 
adsorbed films on a fused quartz surface agrees with the results 
of Pashley and Kitchener’s’* ellipsometric study. These results 
clearly have a bearing on the question of water ‘structure’ at 
solid interfaces*’**, but we cannot add any comment to that 
already made by Pashley and Kitchener who have shown that 
very thick films are consistent with calculations from double 
layer repulsion theory, However, several authors have postu- 
lated deviations from the Kelvin equation because of the 
influence of such a thick adsorbed film (more correctly, the 
influence of a long-range adsorption potential) on meniscus 
curvature't i7, and it is with this aspect that we are now 
concerned. 

All authors find the same form for the Kelvin equation for the 
case of capillary condensation in a slit-shaped pore!”'*: 
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Fig. 1 a, Diagrammatic representation of liquid condensed in 
wedge between two optical flats. 6, Comparison of appearance of 
wedge, viewed normally in monochromatic light (A = 546.1 om) 
before (right-hand side) and after (left-hand side) exposure to 
water vapour at P/P,= 0.9969. Note that all fringes have shifted 
equally, showing that the Laplace pressure in the condensed liquid 
does not distort the silica surfaces. Silica surfaces are in contact at 
the bottom of the picture, the bright mark at the top is a gold foil 
spacer. 
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Table 1 Experimental adsorbed film thickness Z, of water condensed 
in a wedge between flat silica surfaces 





Relative vapour Zi 
pressure P/P, (nm) (nm) 

0.90 3* 4.1 
0.95 5* 8.9 
0.965 g8* 12.0 
0.98 20,27* 21 
0.9925 (595) 57 
0.9944 (82 + 5)7 77 
0.9955 (120+ 10)* 95 
0.9969 (200 + 30)* 139 

1.00+ 0.001 150*% oO 
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* Data from ref. 13: we obtained agreement with these figures in an 
experiment where the condensation was reversible, but the results were 
rejected because of trace quantities of residue at the end of the run. 

+ Present work. 

+ Agrees with calculations based on double-layer theory. 


where y is the surface tension, Vm the molar volume, P” is the 
vapour pressure at which the liquid just irreversibly evaporates, 
Z the normal distance from the solid surface, Ry the gas 
constant and T the absolute temperature (this form of the 
equation neglects corrections which may be necessary at 
extremely high meniscus curvatures’). The first term is the 
simple Kelvin term, the second makes allowance for the adsor- 
bed film by simple subtraction, and the third is a correction 
factor to allow for the effect of adsorption potential on meniscus 
curvature. The function F(Z) is the adsorption isotherm of 
water on a flat surface. The accuracy of the adsorption data does 
not warrant numerical evaluation of this integral over the whole 
meniscus, but fortunately the simple expression Z, (nm) = 
0.43/in(P,/P) follows the data sufficiently closely over much of 
the range of interest, so F(Z) can be put in the form F(Z)= 
0.43RoT/Z, the integral of which can be obtained by a simple 
iterative method”. 

The uncorrected Kelvin equation, the Kelvin equation with 
allowance for the adsorbed film by simple subtraction, and 
equation (1) are plotted in Fig. 2. Only equation (1) is in 
reasonable agreement with the experimental data, although 
there is still a significant discrepancy. This discrepancy may well 
be due to the breakdown of the ‘boundary layer approximation’ 
implicit in equation (1). That is, it may not be possible to treat 
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Fig.2 Experimental results for capillary condensation of water in 
a wedge between silica optical flats (closed bars) and in the gap 
between a spherica! silica surface and contacting silica optical flat 
(open bars). The size of the rectangles represents standard errors, 
based on at least three measurements of the position of each dark 
fringe. —’—-, Uncorrected Kelvin equation, first term of equation 
(1), ——-, Kelvin equation with correction by subtraction for 
thickness of absorbed film, first two terms of equation (1). ------ 
Fully corrected Kelvin equation equation (1). ===, Experimental 
results from wedge configuration, cm, Experimental results from 
sphere-on-flat configuration. For the sphere-on flat experiments, 
values of Z, were calculated from Z, (nm) = —0.43/In(P/ P,). 


the adsorption and capillary potentials as strictly additive when 
Z, is of the order of Dmen/2. This point has been discussed in 
detail elsewhere’’. The fact that the difference between theory 
and experiment apparently decreases with increasing Dmen 
supports this interpretation. 

We conclude that water reversibly forms relatively thick 
adsorbed films (up to 200 nm) on fused silica surfaces. The origin 
of the stability of these films is not yet fully understood'*. The 
presence of these films affects the meniscus shape for capillary- 
condensed water, and this effect accounts almost entirely for the 
capillary condensation behaviour of water. The small residual 
difference between theory and experiment may well be a 
consequence of the breakdown of the ‘boundary-layer’ approx- 
imation used in current theories. A fuller report of this work will 
be given elsewhere. 
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Photodissociation of high pressure (1-8 atm) water vapour 
adsorbed onto the partially platinized surface of single crystal 
SrTiO, has been observed. The reaction is catalytic; several 
thousands of monolayers of hydrogen have been produced. The 
reaction requires light of greater than bandgap (3.1 eV) energy, 
and proceeds vigorously only if elevated temperatures (375- 
450 K) and high pressures are used. Recombination of products 
and poisoning of the metal apparently diminishes the reaction 
rate after several hours. Previous work on this reaction has been 
done in the presence of an electrolyte, generally at room 
temperature. The present work is a significant departure from 
such an environment, and is important because the surface is not 
contaminated with an electrolyte. The surface is therefore 
accessible to ultrahigh vacuum surface analytical techniques 
such as electron spectroscopy, before and after the reaction. 
From these studies detailed information about the mechanism 
may be obtained. In addition, the existence of a surface hydro- 
gen species at elevated temperatures allows us to combine water 
photolysis directly with other catalytic reactions, such as 
ammonia synthesis with N, and methane synthesis with CO or 
CO.. 
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A reaction chamber made of stainless steel was fitted with a 
sapphire window and placed in the oven of a gas chromatograph. 
Light from a high-pressure mercury discharge lamp passed 
through the window and was incident on the surface of the 
crystal. The intensity was ~10'° photons cm’ s”' in the energy 
range above the band gap. A single crystal wafer of SrTiO, with 
nominal (111) orientation was rough-polished and coated in 
vacuo with platinum evaporated from a tungsten filament. We 
used non-conducting, stoichiometric SrTiO, as bulk electrical 
conductivity has little influence on localized surface reactions. 
The roughness of the surface ensured that it was only partially 
covered with platinum. The photoreaction rate was highest with 
a transparent coating of platinum and decreased with heavier, 
more Opaque coatings, which would cover all semiconductor 
surface sites. 

Ultrapure water was admitted into the evacuated cell at the 
beginning of an experiment, and pumped through a loop which 
included the cell and an automatic sampling valve, so that gas 
samples could be withdrawn periodically, A sample was then 
analysed in the gas chromatograph, which was fitted with a 
thermal conductivity detector. With argon carrier gas, we could 
detect 10 monolayers of H, easily, and O, with about 20 times 
less sensitivity. The whole system accessible to water vapour was 
kept at uniform temperature so that high pressures could be 
achieved. Figure 1 shows the cell design. 

Figure 2 shows H, accumulation curves as a function of time 
for different temperatures, where the saturation vapour pres- 
sure of water was used in each case. To inhibit the recombination 
of H, and O, products, a few grammes of 0.025 mm Cu foil was 
placed in the reaction cell to getter the O, present. Without this 
extra copper to oxidize, and thus remove active O, from the 
system, less than half the H, would be detected. Oxidation of Cu 
by water with a release of H, was ruled out by blank experi- 
ments. Thus the recombination of hydrogen and oxygen is a 
significant process in these conditions. This is not surprising in 
view of the presence of platinum and a light activated semicon- 
ductor, either of which might act as a catalyst. Because of this 
back reaction, O, was not detected. Blank experiments showed 
no hydrogen production without platinum on the crystal, nor 
with platinum on an alumina substrate, and very poor produc- 
tion when platinum was deposited on the dark side of the crystal. 

The curves in Fig. 2 show an induction period which depends 
On exposure to water vapour. If the crystal is exposed to water 
vapour in the dark for 1-2 h, hydrogen production will proceed 
immediately on illumination. However, when the crystal is 
illuminated in vacuo for the same period and then exposed to 
water vapour, the induction period is observed. Thus there is 
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Fig. 1 Apparatus: A, stainless steel cell; B, UV light from Hg 

lamp; C, sapphire window; D, SrTiO, crystal with Pt on the side 

facing the light. Water vapour circulates through cell, pump, and 
sampling valve. 
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Fig.2 H> product accumulation for four different temperatures at 
HO saturation vapour pressures. A, 160°C, 6atm; ©, 140°C, 
3.5 atm; C, 120°C, 2 atm; VY, 100°C, 1 atm. 


evidence for a slow surface reaction, such as hydroxylation or 
displacement, which seems to be a necessary precursor for the 
efficient catalytic photolysis of water observed after the 
induction period. During efficient hydrogen production, a rate 
of as much as 500 monolayers per hour has been observed. 
Within ~10h, however, the hydrogen production rate 
diminishes. Besides equilibration of the production and recom- 
bination rates there is also a surface poisoning effect which 
contributes to this decline. If a crystal used in the experiment is 
not regenerated by replacement of the platinum coating, it will 
yield much less hydrogen in a subsequent experiment. A similar. 
deactivation was noted by Wrighton et al.' in the SrTiO,~Pt 
electrochemical cell. ae 

It was possible to carry out the photolysis of water atlessthan. ` 
saturation vapour pressure. At constant pressure, the reaction 


rate declines with increasing temperature, as expected, because 


the recombination over platinum is more facile at higher 
temperatures. At constant temperature, the rate of hydrogen 
production increases with increasing pressure. 

Recently we reported the photocatalysed dissociation of 
water vapour on platinum coated and metal-free SrTiO, crystal 
surfaces which were covered with a film of NaOH (refs 2, 3). The 
need for NaOH was traced to the importance of hydroxylation 
of the oxide surface. In the conditions of the present experiment 
the surface is expected to be hydroxylated*, and this effect is 
apparently equivalent functionally to the effect of NaOH. 

In conclusion, we have observed evidence for the following 
steps during photolysis of water on platinized SrTiO.: (1) 
generation of electron-hole pairs by light of greater than 
bandgap energy; (2) dissociative chemisorption of water vapour 
on the hydroxylated semiconductor surface; (3) diffusion of a 
surface hydrogen species to platinum islands and desorption of 
hydrogen from the islands; and (4) recombination of hydrogen 
and oxygen which limits the amount of hydrogen that can be 
generated in a batch reactor. 

This work was supported by the Division of Chemical 
Sciences of the Office of Basic Energy Sciences of the US 
Department of Energy under contract W-7405-ENG-48. 
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The precise dating of mineral deposits has important impli- 
cations for understanding the lifetime of ore-forming systems 
and their temporal relationship to various geological events. Not 
all deposits provide material suitable for conventional 
radiometric dating, or data which are amenable to unequivocal 
interpretation. Nor is it easy to verify that such samples have 
remained isotopically ‘closed’ since their formation. Fluid 
inclusions provide an alternative ‘closed system’ approach. By 
analysing the isotopic composition of Rb and Sr in inclusions 
within quartz from the Carrock Fell tungsten vein deposits, 
Cumbria, we demonstrate here the feasibility of obtaining Rb- 
Sr fluid inclusion isochrons. The age for the mineralization 
392+5 Myr is in good agreement with the mean K-Ar age 
387 +6 Myr for the vein micas, and confirms the significance of 
fluid inclusions as precise Rb-Sr geochronometers. 

Fluid inclusions are small, usually microscopic, volumes of 
fluid trapped within crystals during their growth from the fluid. 
To be used as geochronometers their origin must be known and 
also that nothing has been added or lost from the inclusion after 
sealing. The inclusions have usually been trapped at more than 
one stage in the growth and subsequent fracturing and healing of 
the crystal. For the purposes of dating, however, as long as the 
various inclusions were formed in a relatively short time inter- 
val, the crystal can be treated as a single temporal event. For a 
more complex chronology, samples representing individual 
episodes of mineral deposition can be selected. 

In most geological conditions inclusions do not leak’ although 
exceptions are excessive overheating’ and the development of 
an intracrystalline deformation fabric’ within the host mineral. 
The former leads to thermal rupture with a complete emptying 
of the inclusion, whereas the latter may vary from a simple 
‘drawing-out’ of the inclusion with minor leakage, to total 
rupture and destruction. Host minerals with little or no cleavage 
and good mechanical strength are thus preferred. Quartz, a 
ubiquitous mineral of hydrothermal ore deposits is suitable, 
particularly as its high chemical purity permits analysis of the 
inclusion contents independently of ion impurities in the host 
crystal, 

Inclusions provide a means of applying basic geochronologi- 
cal concepts to situations where conventional mineral and rock 
studies have failed. Excluding fission track dating, the use of 
inclusions as geochronometers has the same restrictions as all 
radiometric metheds of dating. 

(1) The mineral or rock samples must have behaved as 
‘closed’ systems with respect to the parent~daughter isotopes 
according to the equation 


D = D+ P(e“ -1) 


where D is the total number of daughter atoms present in the 
system; Do the number of daughter atoms initially present; P, 
the number of parent atoms remaining in the system; A, the 
decay constant for the parent radionucleide; and ż, the time 
elapsed (‘age’ of the system). (Inclusions in transparent minerals 
can be checked before analysis to ascertain whether thermal 


rupture or intracrystalline deformation has caused them to 
leak.) 

(2) The mineral or rock samples were formed in a time 
interval that was short compared with their age. (Modern hydr- 
othermal~hot spring systems driven by local igneous heat 
sources have lifetimes of a few thousand to approximately one 
million years. Presumably palaeohydrothermal systems asso- 
ciated with igneous rocks had similar lifetimes. Hydrothermal 
ores precipitated on the sea floor are thought to have had 
formation times of a few thousand years because they contain 
little detritus, even though the rocks above and below are 
normal detrital sediments’*.) 

(3) A value for the initial number of daughter atoms (Dp) can 
be assumed or calculated. 

Inclusions in quartz can be thought of as droplets of fluid 
preserved, totally isolated from their external environment, and 
perfect for Rb-Sr dating. The only disadvantage is their small 
size, normally <20 um in diameter. For a fluid containing 
1,000 p.p.m. Sr a single inclusion may provide less than 
10°”? g Sr for analysis. 

To test the feasibility of using fluid inclusions as Rb-Sr 
geochronometers for ore deposits we have taken samples from 
the tungsten deposits at Carrock Fell, Cumbria. These deposits 
are characterized by a series of steeply dipping north-south 
wolframite-bearing quartz veins developed at the contact of the 
Caledonian Skiddaw Granite with the Lower Palaeozoic Skid- 
daw Slate Series. Mineral paragenesis studies’ suggest a main 
period of hydrothermal activity characterized by continuous 
quartz deposition, with wolframite and apatite confined almost 
exclusively to the earliest generations of quartz. Much of the 
quartz is therefore economically ‘barren’. Late-stage hydro- 
thermal activity is represented by a network of cross-cutting 
east-west carbonate veins and stringers, some of which cement 
and infill vuggy parts of the quartz veins. Compared with the 
tin-tungsten deposits of south-west England, the mineralization 
constitutes a simpler hydrothermal event, which with data from 
a previous geochronological study” was ideal for investigation. 
The samples were selected from an extensive suite of vein quartz 
material collected from underground workings at the Carrock 
Fell Mine and were representative of both the early and late 
phases of quartz deposition. The quartz contains abundant 
two-phase fluid inclusions consisting of a liquid phase and 
complementary vapour phase, the latter occupying <25% of the 
total inclusion volume. They average 5-30 um in diameter, are 
ovoid or multifaceted in form, and occur in both isolated non- 
planar groups and discontinuous intersecting planar arrays. 
Genetically the inclusions are primary, but because it is difficult 
to relate them to obvious growth features they are best described 
as pseudosecondary ™ (they correspond to fluids trapped along 
microfractures during crystal growth). Collectively the 
inclusions can be treated as the product of a single mineralizing 
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Fig. 1 Fluid inclusion Rb-Sr diagram. Age, 393 £5 Myr; inter- 
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Table 1 Rb-Sr data for inclusion fluids, Carrock fell tungsten deposit, 


Cumbria 
Rb Sr | 

Sample no. (p.p.m.) (ppm) Rb/*Sr  Sr/ Sr 
CF-79-10 446 287 4.511 0.73465 
512 281 5.289 0.74043 

475 298 4.625 0.73577 

388 278 4.04] 0.73239 

CF-79-21 1,225 179 20.01 0.82071 
1,477 183 23.69 0.84253 

CF-79-22 505 164 8.97] 0.75892 
CF-79-30A 166 207 2,318 0.72296 
CF-79-30B 765 166 13.46 ().78496 
1,442 301 10.77 0.77102 
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event. Unlike the pseudosecondaries, secondary inclusions are 
less well developed and clearly associated with the late-stage 
carbonate fluids. They can be recognized by their distinctive 
chemistry and behaviour during low temperature microthermo- 
metric studies. Samples suspected of containing either secon- 
daries or inclusions which had leaked were rejected. 

The sample preparation and mass spectrometric analysis will 
be described elsewhere. Conventional isotope dilution tech- 
niques’, modified to accommodate low level, small samples, 
were used (the results, given in Table 1, are plotted in Fig. 1). 
Analytical errors (+1% "’Rb/**Sr; +0.03% *’Sr/**Sr) agree 
with those normally assigned to precision Rb-Sr mineral/whole 
rock isochrons. The Rb-Sr age was calculated'®, using an “Rb 
decay constant of 1.42 x 107"! yr™', with errors quoted at the 27 
level. A MSWD of 1.42 indicates that the data satisfy the criteria 
for an isochron. | 

The fluid inclusion Rb-Sr age 39245 Myr is in good 
agreement with the mean K-Ar age for the hydrothermal vein 
muscovites 387 +6 Myr determined by Rundle*. Furthermore 
the age of the main Lake District batholith, of which the 
Skiddaw Granite is part, has been established as ~395 Myr 
(Shap Granite, Rb-Sr age 394+3 Myr (ref. 11), K-Ar age 
397 +7 Myr; Skiddaw Granite, K-Ar ages 39244 Myr (ref. 5) 
and 399 + 6 Myr (ref. 12)). As the veins cannot be older than the 
granite and there is no reason to doubt the K-Ar vein muscovite 
age, the agreement verifies the fluid inclusion Rb-Sr age. A 
noticeable feature of the isochron (Fig. 1) is the large range in 
“’Rb/*°Sr which minimizes the influence of the initial ®’Sr/*°Sr 
on the calculated age. This is attributed to a variable input of Rb 
throughout the period of quartz deposition, either from a purely 
magmatic source or released into the ore fluids as a result of 
concomitant wallrock alteration (that is, greisenization). High 
Rb values are consistent with the preferential partition of Rb 
into magmatic-hydrothermal solutions'*. Because the 
inclusions are largely pseudosecondary in origin, no two samples 
will contain identical proportions of the same generation of 
inclusion. Hence there will be a natural variation in the observed 
*"Rb/**Sr ratios. 

The fluid inclusion approach seems superior to techniques 
that rely on the complete resetting of pre-existing systems (that 
is, the annealing of fission tracks in wallrock minerals adjacent to 
mineral veins'*). Furthermore being relatively stable, inclusions 
are less sensitive to subsequent thermal events which often 
overprint the true age of mineralization. This is especially so for 
K-Ar studies on wallrock clays which show a poor retentivity for 
radiogenic argon. Of comparable significance is the ease with 
which K-Ar systematics can be reset by later meteoric-hydr- 
othermal activity’. Because later hydrothermal solutions will 
often take advantage of earlier mineralizing channelways, cau- 
tion must be exercised when interpreting the K-Ar ages for 
feldspars and clays'*. There is no a priori means of assessing 
whether a system has remained closed. It is also suspected that 
meteoric~hydrothermal activity may equally disturb Rb-Sr 
systematics. As yet the common Pb method for dating lead 
mineralization is only applicable to a small number of deposits of 
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the ‘conformable’ type. Recent refinements of terrestrial lead 
isotopic growth curves has done much to improve this technique 
and ‘model’ ages agree well with ages obtained by other 
methods. However, for most ore deposits, lead isotopic 
compositions indicate multistage histories which are not readily 
amenable to interpretation. 

We thank R. Pankhurst for the development of programmes 
for the automatic running of the mass spectrometer, also D. 
Norman whose early isotopic work on fluid inclusions in 
Norwegian granites stimulated our research. The project was 
financed in part by the Commission of the European Com- 
munities Raw Materials Research Programme: Contract No. 
038-79-1 MPP UK. Publication is by permission of the Director, 
Institute of Geological Sciences (NERC). 
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Recent studies'” of the lipids of marine organisms have 


revealed numerous novel sterols, many with modified side 
chains. As yet few of these compounds or their diagenetic 
products have been recognized in geological materials. 
However, recent investigations of various marine sediments** 
have detected, for example, gorgosterol* (Hic) and several 4- 
methylstanols’” (such as HI). Our gas chromatography (GC) 
and computerized gas chromatography—mass spectrometry (C- 
GC-MS) investigations of the extractable lipids in Neogene 
deep-sea sediments from the Japan Trench have revealed highly 
complex sterol distributions within which 69 different sterols 
have been characterized’. Several of these sterols’ (such as 
iim, lin and Hio), have been reported as constituents of marine 
organisms''~**, but not of marine sediments; others are of 
unknown structure. Here we report the identification of one of 
these novel sterols, 27-nor-24-methyl-Sa-cholestan-3f-ol (1h) 
which supports the biological demethylation pathways proposed 
by Kobayashi and Mitsuhashi'’. Its diagenetic products would 
also include 27-nor-24-methylcholestanes which may be 
unrecognized components of the sterane mass fragmento- 
grams widely used by petroleum geochemists for oil and 
source rock fingerprinting. Such components might also. 
prove valuable marine markers in the interpretation of 
palaeoenvironments. 
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Fig.1 Structural formulae of steroidal nuclei (N, I-VI) and side 
chains (R, a-q). The sterols I, H and IH, bearing a wide range of 
side chains, are produced by organisms !~3:!!-13.22-24 and 
occur in sediments? ®. In contrast, the 58-stanols (IV and V) and 
the A*-sterene (VI) are apparently derived from microbial and/or 
geochemical processes, and, are often prominent components of 
immature sediments” ; however, the known variety of their 
side chains is less extensive than that of stenols and 5a-stanols. 


During Legs 56 and 57 of the Deep Sea Drilling Project 
(DSDP), the Glomar Challenger drilled at seven sites in a 
transect of the Japan Trench’*’*. Our studies concentrated on 
the extractable lipids of 10 samples of Upper Pleistocene 
(~0.5 Myr) to Upper Miocene (~6 Myr) age, from four of these 
sites, with the aim of understanding the origin and diagenetic 
fate of the lipids”’®’®. The analytical procedure used to obtain 
free sterol fractions from these sediments followed that pre- 
viously described'’, with subsequent modifications'®’*. Briefly, 
the extractable lipids obtained by sediment ultrasonication with 
solvent were divided into neutral and acidic components 
following saponification, and thin layer chromatography was 
used to separate the total neutrals further into fractions prin- 
cipally composed of hydrocarbon, ketone and alcohol consti- 
tuents. Each fraction was analysed by capillary GC (SE-$2 or 
OV-101 columns, deactivated by the barium carbonate tech- 
nique of Grob et al.'”) and C-GC-MS after derivatization (for 
example, of alcohols to their trimethylsilyl (TMS) ethers) when 
appropriate. 

27-Nor-24-methyl-5a-cholestan-38-0] (Ih) was identified 
from its GC retention time and mass spectral characteristics and 
by GC and C-GC-MS co-injection with a standard prepared by 
hydrogenation (PtO,/H, in EtOAc) of occelasterol (27-nor-24- 
methylcholest-5,22E-dien-38-ol, Ilg)). Its mass spectrum (as a 
TMS ether) is indistinguishable from that of 5a-cholestan-38-ol 
(Ij, Fig. 2), but the retention times of these two compounds differ 
(Fig. 3). Previous analyses of sedimentary sterols may not have 


recognized 27-nor-24-methyl-5a -cholestan-3B-ol (Ih) because 
of the prominence of 5a-cholestan-38-ol (Ij) in such dis- 
tributions and the necessity of fast scanning GC-MS (for exam- 
ple, 1 s scans) to distinguish the two compounds satisfactorily. 

In the Japan Trench sediments, which are principally di- 
atomaceous oozes and clays, the concentration of 27-nor-24- 
methyl-Sa-cholestan-3B-ol (Ih), with the exception of one 
sample that contained only trace amounts (<0.1 ng per g dry 
sediment), varied from 0.6 to 11.7 ng per g dry sediment; values 
that correspond to 0.2 to 1.2 wg per g organic carbon. In four 
samples 27-nor-24-methyl-5a-cholestan-36-ol (Ih) was more 
abundant than S5a-cholestan-38-ol (Ij), attesting its importance 
as a sedimentary sterol. 

Although the origin of 27-nor-24-methyl-Sa-cholestan-3£8- 
ol (Ih) is uncertain, it seems to be biological rather than geo- 
chemical. No apparent correlation exists between its abundance 
and that of the other 27-nor-24-methylcholesteroids with A°77 
(occelasterol (IIg)) and A” (Ig) unsaturation, data that argue 
against its formation by geochemical reduction", In addition, 
27-nor-24-methylcholest-5-en-3B-ol (4) would be an expec- 
ted product of such a nonspecific reduction process, but it was 
not detected in any of the sediments. Furthermore, the presence 
of only two 58-stanols, 58-cholestan-38-ol (IV/) and $8- 
cholestan-3a@-ol (Vj), rather than a range commensurate with 
that of the A*-stenols and 5a-stanols indicates that reduction of 
A®*-stenols is not a significant process in Japan Trench sediments 
and suggests that the 5a-stanols in the C,,-Cs; range’, are 
derived directly from biological inputs. 

The identification of 27-nor-24-methyl-5a-cholestan-38-ol 
(Ih) means that both 27-nor-24- methylcholesteroids and 24- 
norcholesteroids are now known to occur as A°??-stenols and 
A7- and Sa-stanols, supporting the demethylation pathways 
proposed by Kobayashi and Mitsuhashi'*. The organisms that 
act as the biological source of 27-nor-24-methyl-5a -cholestan- 
38-ol (Ih) are unclear. Its Cas homologue, 24-nor-5a-choles- 
tan-3-ol (If) has only been isolated from a sponge’; both this 
compound and other sponge constituents, such as C2;-Co4 Sa- 
stanols (la—d) (refs 23, 24), have been recognized in the Japan 
Trench sediments”'®, where sponge spicules are also found 757. 
Hence, 27-nor-24- methyl- Sa-cholestan- 3B- ol (Ih) may be of 
poriferal origin. 

Considering the geological fate of 27-nor-24-methyl-5a- 
cholestan-38-ol (Ih), at an early stage of diagenesis stanols can 
undergo dehydration, generating A’-sterenes’’”*’. The A’ Co, 
sterene in the Japan Trench sediments which eluted just after 
cholest-2-ene (VI/) and possessed an identical mass spectrum is, 
therefore, probably 27-nor-24-methylcholest-2-ene (VI); if 
so, then the diagenetic reactions of 27-nor-24-methyl-5a- 
cholestan-38-ol (Ih) parallel those of S5a-cholestan-38-ol (Ij) 
(refs 8, 9, 27-29). Hence, 27-nor-24-methyl-5a-cholestan-36- 
ol (Ih) could be a precursor for other sedimentary steroidal 
hydrocarbons with 27-nor-24-methyl! side chains, particularly 
diasterenes*’, aromatic steroids’! and steranes, which might 
prove valuable indicators of marine sources of sedimentary 
organic matter. The possible existence of such 27-nor-24- 
methylcholestanes has a bearing on petroleum geochemical 
studies in view of the widespread use of steranes as biological 
markers’. In particular, the process of diagenesis and matura- 
tion effect sterane isomerization, generating a wide range of 
stereoisomers’; hence, mature sediments and oils would be 
expected to contain a comparable variety of 27-nor-24- 
methylcholestane isomers. Significant amounts of such 
compounds would markedly complicate the mass fragmento- 
grams used for sterane evaluation’””’, and also affect the quan- 
titation of individual stereoisomers. 

Novel compounds are likely to continue to be found in marine 
sediments because of the role of sediments as ‘sinks’ for organic 
matter. For example, the novel Ca; A*’*-stenol, A*’-stanol and 
5a-stanol in the Japan Trench sediments may possess 26,27- 
bisnor-23,24-dimethyl side chains (IIp, Ip and Iq in Fig. 3), as 
recently suggested’ for similar components in Walvis Bay 
diatomaceous ooze", 
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- -ET mass spectra (40 eV, background subtracted) of: (a) Sa-cholestan-38-ol (I/); (b) 27-nor-24-methyl-Sa-cholestan-38-ol (th), as TMS : 
- The data were obtained from C-GC-MS analysis of the alcohol fraction separated from a Lower Pliocene diatomaceous claystone (DSDP 
Section 57-440B-39-3, 504m sub-bottom depth). The C-5 stereochemistry of (b) is assigned on the basis of its chromatographic characteristics 


and mass spectral fragmentation which are indicative of a Sa-stanol rather than a $B-stanol”. 
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Fig.3 Partial reconstructed ion chromatogram (RIC) from 
C-GC-MS analysis of extractable 4-desmethylsterols (as TMS 
ethers) in a Lower Pleistocene diatomaceous clay. L1, A’-stenols; 
W, Sa-stanols. The Co, and C7 sterol region is illustrated with 
designated peaks referring to the structures of Fig. 1. The SB- 
stanols (IVj and Vj) found in this sample were present in the 
4-methylsterol fraction (not shown). C-GC~-MS conditions, 20 m 
OV-1 WCOT capillary column programmed, after splitless 
injection, from 50 to 100°C at 6°C min’, then 100 to 260°C at 
4°C min™' and held isothermally at 260°C. The mass spec- 
trometer (Finnigan 4000 with INCOS 2300 data system) was 
scanned cyclically at 35eV with complete mass spectra (m/z 
50-560) being recorded every second. Data acquisition was initi- 
ated at 165°C. A more extensive RIC of this sterol fraction ts 
published elsewhere’. 
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The formation of red beds has long interested geologists and 
pedologists'~*. It has been suggested that the nature and degree 
of reddening in dune sands can be a useful indicator of the 
relative age and environmental history of the sands; several 
authors have concluded that dune sands undergo progressive 
reddening with time*’, and James and Stanley’ considered that 
coastal dunes might actually be mapped on the basis of colour. 
However, quantitative data regarding the rate of reddening in 
different environmental conditions are generally lacking. I 
present here radiocarbon evidence from north-east Australia 
which suggests that red weathering profiles have developed in 
stabilized dunes of Holocene age in humid tropical conditions 
within the past 7,500 yr. 

Deeply weathered siliceous sand dunes occur on several parts 
of the North Queensland coast, Australia, but are most exten- 
sive around Cape Bedford, Cape Flattery, and Shelburne Bay 
(Fig. 1). The dunefields consist of several generations of elon- 
gate parabolic dunes, the youngest of which are still partly 
active. The older stabilized dunes are deeply podsolized, with 
typical profiles on dune crests consisting of 1-4 m of leached 
white sand overlying 6 m or more of red and orange ferruginous 
sand (Fig. 2). The colour of the sands below the A horizons ts 
variable, with banding and mottling characteristic of the lower 
profile, but the reddest B horizons attain 2.5YR4/8 (moist) on 
the Munsell soil colour chart. The red colour is due to iron oxides 
and hydroxides which cannot be positively identified by X-ray 
diffraction but which probably consist largely of poorly crystal- 
lized forms of haematite containing a certain amount of water. 
Bulk samples of red sand contain up to 0.668% of dithionite 
citrate extractable Fe, together with up to 0.75% extractable Al. 
The pigment is present both as coatings on framework grains 
and as interstitial matrix. 

Air photograph interpretation and field drilling have shown 
that at least three distinct episodes of dune formation are 
represented at Cape Flattery. Dunes belonging to both the first 
and second episodes show evidence of reddening, but the 
colouration is most marked in dunes of the second generation. 
The forms of the oldest dunes are highly degraded and the sands 
contain black horizons of organic matter-cemented sandrock 
which are particularly well developed in low-lying depressions. 
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Fig. 1 Map showing location of Cape Flattery and other coastal 
dunefields in North-east Australia. 


Some dunes show that part of the red pigment is being removed 
by progressive podsolization. A radiocarbon date obtained from 
a large root in growth position and embedded in humate® 
exposed in coastal clifis 3km north-west of Cape Flattery 
indicated a ‘background’ age of 48,000 ““C yr (Q-2085). Similar 
deposits occur in Southern Queensland!’ and New South Wales 
where they have been shown to be last interglacial in age*’. 

The forms of the second generation of dunes, which drilling 
has shown to overlie partly the first generation, are relatively 
sharp and the sands contain only very thin, non-indurated 
humate horizons. A typical weathering profile found in dunes of 
this generation is shown in Fig. 2. Two radiocarbon dates have 
been obtained from samples of charcoal collected at depths of 2 
and 4m respectively within this profile. The charcoal was 
pretreated with an alkali-pyrophosphate mixture followed by 
acidification to remove humic acid contaminants. The upper 
charcoal sample gave a date of 7,480+75 ‘C yr BP (Q-2081), 
and the lower sample indicated an age of 8,200+85 “Cyr BP 
(Q-2082). As the charcoal fragments must have been 
incorporated within the sands while the dune was active, the 
dates suggest that stabilization and weathering has taken place 
within the past 7,500 14C yr. The possibility that the charcoal is 
reworked from older deposits cannot be entirely ruled out, and 
in this event the dates would indicate a maximum age for the 
reddened dune. 

The youngest dune sand unit at Cape Flattery includes all the 
active and recently active dunes which have partly buried and 
reworked the older sands. These dunes mostly consist of 
undifferentiated white quartz sand, but those which have been 
stabilized longest show immature podsol development with 
brown or brownish-orange B horizons. Buried organic Al 
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horizons are exposed in the walls of some dunes. Two radiocar- 
bon dates on in situ wood stumps from one such buried soil 
including a 1 m-thick brownish B horizon both indicated 
‘modern’ ages (SRR-1534 and SRR-1535). 

Previous work on red sediments has led to the conclusion that 
reddening is generally slow, and in arid regions may take 
10°-10° yr (refs 12, 13). However, the evidence reported here 
suggests that in humid tropical conditions bright red colours may 
be attained within 10°-10* yr. Furthermore, over a longer time 
period much of the initial red colour may be lost as humic and 
fulvic acids accumulate within the profile. A similar conclusion 
was reached, though without radiocarbon evidence, by 
Andriesse™’ in relation to reddened beach ridges and alluvial 
deposits in Sarawak. 

Rapid reddening of stabilized dunes at Cape Flattery is 
favoured by several factors. First, abundant detrital ilmenite and 
magnetite grains within the sands provide a large potential 
source of iron which can be released by weathering’? Second, 
rapid release of iron and formation of ferric oxides is favoured 
by oxidizing interstitial conditions which reflect the good 
drainage of the dune sands and the seasonally humid tropical 
climate. At Cooktown, located just south of Cape Flattery, 
mean daily temperature is above 25 °C throughout the year, 
reaching 31.3 °C in December, while about 75% of the mean 
annual rainfall occurs between January and April. Third, wea- 
thering of ilmenite, magnetite and other minerals may be 


‘enhanced by organic acids released by the heath and woodland 


vegetation characteristic of the dune areas”®', Soil pH values at 
Cape Flattery generally lie in the range 3.5-5.5. 

Rate of reddening in dune sands and other recent sediments is 
dependent on several variables including sand mineralogy, 
temperature, moisture availability, drainage conditions, degree 
of sediment stability and significance of airborne dust input?*. 
Climatic conditions undoubtedly permit reddening in both the 
arid and humid tropics, but, other things being equal, the time 
required to attain a given degree of redness is likely to be longer 
in the arid tropics due to lower moisture availability, a slower 
rate of mineral weathering and relative unimportance of bio- 
chemical processes. In humid tropical areas periods of seasonal 
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Fig. 2 Diagrammatic representation of a weathering profile 
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drought and water table lowering can also be expected to favour 
the formation of haematite”. However, owing to the diverse 
nature of the controls on reddening, time cannot be regarded as 
an independent variable in the reddening process, and colour 
alone cannot be used as an adequate guide to age or morpho- 
stratigraphic correlation between different areas. 

This research was supported by NERC and the RS. Radio- 
carbon age determinations were made by Dr Roy Switsur and by 
the NERC Radiocarbon Dating Laboratory, East Kilbride. 
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A number of conflicting models have been proposed for the 
internal plumbing system of Etna; some of the conflict arises 
from attempts to fit the same model to the whole of Etna’s 
history. We argue that at present magma reaches the surface 
without significant high-level storage during its ascent, and that 
eruptions are tectonically controlled. These conditions have 
probably prevailed for the past 200 yr. However, evidence from 
lavas erupted in prehistoric times suggests that substantial low- 
pressure differentiation accompanied by different styles of 
eruption took place, implying a different plumbing system which 
includes high-level storage of magma. 

Etna is a central-vent volcano some 3 km high, with numerous 
parasitic cones. The position of the central conduit has shifted 
with time, each change in location generally being preceded by 
caldera collapse’. Almost continuous activity occurs at or near 
the summit where there is a steady effusion of lava, normally at 
the rate of less than 1m*s7', accompanied by strombolian 
activity. A curious aspect of summit activity is that two craters 
less than a few hundred metres apart may simultaneously show 
quite different activity; for example, in 1966 to 1971 the north- 


east crater was erupting lava on the surface, while only 200 m 
away, activity in the chasm was ~ 1,000m below this level. 
Persistent summit activity usually stops when flank eruptions 
occur—these are characterized by much higher rates of effusion, 
typically at tens of cubic metres per second, Feeding fissures 
tend to parallel the complex regional tectonic pattern. 

Based on petrological evidence, Rittmann’ envisaged that 
magma is supplied under Etna by abyssal fissures and that there 
is no magma chamber. Guest? suggested the existerice of a 
plexus of dykes and sills within or just below the volcanic pile, 
analogous to that proposed for Kilauea. From horizontal 
ground deformation studies between 1971 and 1974, Wadge**® 
postulated two magma reservoirs: one at the base of the volcanic 
pile, and the other an open cylindrical reservoir in the upper part 
of the central conduit. The central conduit reservoir, known as 
the chasm, was envisaged by Wadge as feeding flank eruptions 
by first opening fissures radial to the chasm as a result of 
hydraulic fracturing and subsequent drainage of the reservoir 
under gravity through these fissures. Tanguy and Kieffer’ 
suggested high-level magma storage in active dyke-like 
intrusions, eruption from which was triggered by tectonic 
activity. 

Studies of vertical ground deformation have been made 
between 1975 and 1980°. During this time persistent activity 
occurred from the north-east crater and the north-east rift 
between 1975 and 1978, and flank eruptions occurred on the 
southern flank between May 1978 and August 1979. Following 
the established deformation pattern at Kilauea, while relatively 
little deformation might have been expected from some of the 
persistent activity at the summit, substantial effusion low on the 
volcano flanks should have been preceded by inflation caused by 
high-level magma storage, followed by defiation as the chamber 
emptied. However, during 1975-80, including the major 
August 1979 flank eruption during which an estimated mini- 
mum of 8 x 10° m? of magma was erupted (C. Kilburn, personal 
communication), no gross pattern of inflation or deflation was 
observed either by precise levelling traverse across the summit, 
or from some 35 dry-tilt stations. Based on five years of tilt 
measurement on Etna, there is no evidence that large amounts 
of magma are stored within the volcano before eruption, and if it 
is stored in an intermediary reservoir, this lies well below the 
base of the volcano. Thus internal conditions at Etna seem to 
differ from those of Kilauea. 

Although no gross accumulation of magma within the Etna 
volcano can be identified, small vertical movements do occur. A 
1.5-cm inflation area of ~ 1 km radius was observed two years 
before the May 1978 eruption in the region of the main vent, 
suggesting that a narrow wedge of magma was emplaced below 
the eruption site before effusion started’. 

Although the vertical deformation results do not support a 
high-level magma chamber in a conventional sense, they are not 
inconsistrent with Wadge’s® proposal of an open chamber in the 
chasm at the top of the central consuit. However, Wadge’s 
model requires that the chasm drains during the course of flank 
activity and that the amount of lava drained corresponds to the 
volume of lava erupted. These conditions have not been fulfilled 
by recent eruptions when, for example in April 1971, the chasm 
floor was lower than the active flank vents”. Thus, although the 
Wadge model is not discounted as a potential mechanism, it 
cannot be considered as a general model to explain Etna’s 
plumbing system during 1970-80 (see also ref. 9). 

Based on seismic evidence, Sharp et al.’° suggested a magma 
storage region at a depth of ~ 20 km below Etna. This has the 
form of a prolate ellipsoid with a width ~ 20-30 km and the long 
axis paralleling the north-east fissure trend through the moun- 
tain. From the same experiment they identified the Moho at 
27 km, magma generation occurring below this level. 

During historical times the lavas have been basic hawaiites 
with little variation in chemical composition'*”’*. Historic lavas 
are strongly porphyritic with 30-40% phenocrysts of plagio- 
clase, augite and olivine, plagioclase being the dominant 
phenocryst phase; the magma therefore undergoes extensive 
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crystallization before eruption. Limited variation in chemistry 
between lavas indicates that there is little differentiation. The 
predominance of plagioclase suggests that most of the crystal- 
lization takes place at moderate to low pressures. Experimental 
work"* on an alkali basalt shows that crystallization of plagio- 
clase is suppressed to near solidus temperatures at pressures 
approaching 9 kbar, equivalent to ~22km depth. These 
Observations imply that considerable crystallizaton is taking 
place at relatively high levels, but the magma is erupted 
before significant differentiation occurs. This is consistent 
with the ground deformation interpretation that there is no 
substantial high-level magma storage. Magma stored in the 
open central conduit may, however, undergo vapour-phase 
fractionation’*""*, 

Although the composition of historical lavas has remained 
almost constant, there are petrographic distinctions, for exam- 
ple the 1974 flank eruption lavas’'*?°, where plagioclase was 
not a primary phenocryst phase. In this case either the crystal- 
lization of plagioclase was suppressed by high Pipo conditions, 
or magma migrated from depth rapidly containing only early 
formed phenocrysts of augite and olivine. 

The evidence given above supports the view expressed by 
Rittmann’ that on Etna magmas ascend directly to the surface 
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from depth without storage in a high-level magma chamber. 
These observations agree to some extent with the model pro- 
posed by Tanguy and Kieffer’ of a system of active intrusions. It 
is likely that magma enters the volcanic pile permissively and a 
high level of magma in an open central conduit gives steady 
persistent activity. Dyke-like intrusions leading to flank erup- 
tion radiate at various depths from the central conduit and may 
be emplaced in tectonically dilated fissures. Eruptions are 
controlled both in space and time by the interaction of magma 
fluid pressure and the regional stress pattern (see ref, 21): a 
decrease in the minimum horizontal principal stress will increase 
the gape of dilational fissures, allowing an increased rate of 
magma uprise. The presence or absence of a cinder cone over 
the vent, for flank eruptions, will depend on the depth of 
connection between the feeder dyke and the conduit (Fig. 1a). 
Eccentric cones result from ascent of magma independent of the 
central conduit, for example, the Moio cone 18 km north of the 
summit”. The role of the 20-km deep magma reservoir is 
uncertain, but the observation that repose time between the end 
of a flank eruption and the onset of persistent activity is propor- 
tional to the volume of erupted material in the flank eruption® 
may suggest that the repose period is controlled by the time 
taken for the reservoir to be replenished. 
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structure of Mount Etna. Magma rises up the central conduit from a deep magma storage area. 


-© Low effusion rate persistent activity from this conduit occurs near the volcano summit. A column of magma is probably always present in the 
central conduit and associated conduit of the north-east crater, at levels of less than a kilometre below the volcano’s summit. The opening of 
fissures by tectonic activity allows magma to leave the central conduit at different depths to produce flank eruptions with high effusion rates 


compared to persistent activity. Occasionally eccentric eruptions may occur as a result of 
area using a conduit not related to the central conduit. The dimensions of the magma storage 


magma rising directly form the deep magma storage 
area and the seismic velocity profile are from ref. 10. 


b, Condition of the volcano during pre- Valle del Bove times, showing high level plexus of dykes in which magma is stored. Although the different 
styles of activity are shown on the same diagram, the normal activity was probably strombolian with occasional extrusions of volcanic domes and 
paroxysmal events. 
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Geophysical information is only available for the past few 
years on Etna. Nevertheless, interpretations of internal plumb- 
ing based on these data are probably relevant for the past 200 yr, 
during which time the petrology of the lavas, styles of eruption 
and output of the volcano have been relatively constant. 
However, before 1669 the output of the volcano was consider- 
ably higher” and the erupted lavas petrographically different 
from the more recent ones, although of hawaiitic composition. 
These earlier lavas are characterized by larger phenocrysts of 
plagioclase, typically 4 mm long, compared with those in later 
lavas which are ~ 1 mm long. The presence of fewer phenocrysts 
may imply a short period of high-level storage. A plexus of 
active dykes near the base of the volcanic pile may have existed 
at this time’. Thus, even during historic times the internal 
plumbing of Etna seems to have changed; these alterations may 
have resulted from variations in the regional stress pattern. 

At times in the prehistoric past of Etna (5,000- 
100,000 yr BP), before formation of the Valle del Bove’, a very 
different system of internal plumbing may have operated in the 
volcano. Among the older volcanics, evolved lavas of mugearitic 
and benmoreitic composition are relatively common, indicating 
more extensive differentiation of the ascending magma’'"®. 
Plagioclase is considered to have played a major part in this 
crystal fractionation’” suggesting that at one time there was 
high-level magma storage. Ash fall and ignimbrite deposits 
occur??*, indicating violent explosive events in the summit 
region, possibly associated with caldera collapse and de-gassing 
of a high-level magma reservoir (Fig. 1b), On the lower flanks of 
the volcano, relatively degassed magma was erupted, which 
formed benmoreitic autoclastic domes’? probably fed from a 
storage area that had been degassed by loss of volatiles up the 
central conduit. 

We make the following conclusions: (1) there is no simple 
model of volcano plumbing that can be applied to central 
basaltic volcanoes, and a long-lived central volcano made up of 
repeated eruptions may not have the same type of plumbing 
throughout its histroy. (2) Petrogenetic models based on a whole 
suite of lavas spanning a long time period may be misleading as 
in this case, where different models involving the presence or 
absence of a high-level magma reservoir are applicable to 
different phases in the volcano’s plumbing history. (3) Because a 
volcano’s plumbing is controlled by factors such as the regional 
stress pattern, rate of magma supply and rate of stress adjust- 
ment in the magma source region, a study of Etna’s changing 
internal conditions may have direct relevance to the regional 
tectonic evolution. 
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Although the adaptive significance of nesting in colonies has 
been investigated repeatedly in avian species, until now no 
detailed studies have been reported on colonial nesting in fishes. 
Investigators of avian colonial systems have suggested that birds 
nest in colonies either as a response to predators’” or to locate 
more easily ephemeral food resources**. The avian literature is 
unclear, however, as to which selective pressure (predation or 
food resources) is more crucial, with investigators using similar 
evidence to reach essentially opposite conclusions’. I report 
here evidence obtained from a long-term study of a colonial fish, 
the bluegill sunfish (Lepomis macrochirus), showing extreme 
synchrony in breeding and the additional protection afforded 
offspring by tightly clustered groups of adults, which argues 
strongly that colonial nesting in this species and other fishes has 
evolved in response to predation pressure. 

Observations on the reproductive system of the bluegill 
sunfish were made during the summers of 1976, 1978 and 1979 
while skin or scuba diving in Lake Cazenovia, New York. In this 
lake, male bluegills construct nests (bowl-shaped depressions in 
the substrate) in colonies ranging in size from 15 to 500 nests. 
Throughout the breeding season males periodically reoccupy, 
breed in, and abandon these nesting areas. Although suitable 
nest sites are not limited (in preparation), during the spawning 
period occupied nests are packed rim to rim, with most nests 
having five to seven contiguous neighbours (Fig. 1). 

As early as 1938, Darling® suggested that colonially nesting 
birds might breed synchronously to reduce the time their young 
are available to local predators. However, in avian systems, an 
alternative hypothesis also predicts breeding synchrony. If nest- 
ing colonies serve as ‘information centres’ that enable unsuc- 
cessful or inexperienced foragers to follow more successful 
individuals to ephemeral food sources, individuals breeding in 
synchrony would gain an advantage’. Because colonially nesting 
fishes typically neither feed their young nor leave the colony to 
forage, the competing hypothesis of social foraging does not 
apply. Consequently, the presence of breeding synchrony in 
these organisms would provide stronger support for the preda- 
tion hypothesis than synchronous breeding in avian systems. 

If predation is the evolutionary force favouring colonial nest- 
ing in bluegills, individuals within a colony should synchronize 
their reproductive efforts, resulting in greater breeding synch- 
rony within colonies than between colonies. As predicted by this 
hypothesis, breeding within bluegill colonies in Lake Cazenovia 
is remarkably synchronous. At a particular colony breeding 
episodes occur periodically, and consist of the establishment of 
males on nests, the arrival of gravid females which remain in the 
water column until spawning is initiated, and a brief 1- or 2-day 
spawning period. Between these spawning periods gravid 
females are absent and successful males provide parental care. 
Although common responsiveness to optimal breeding condi- 
tions seems to promote a degree of breeding synchrony among 
all the colonies in Lake Cazenovia, synchrony within colonies is 
much greater than between colonies, as predicted, and even 
neighbouring colonies can cycle out of phase. 

The period immediately following the termination of parental 
care is often critical to an individual's survival. During this 
period, bluegill fry minimize their availability to predators by 
abandoning their nests synchronously, with most of the offspring 
in an entire colony leaving within a period of a few hours. 
Analogous fledgling synchrony has been reported in some 
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Fig. 1 An artist's conception of 
the activity in a bluegill colony Be NE a od 
during the spawning period. An a’ NAL 
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aggregation of females is shown 
above a spawning centre (top 
centre). Multiple spawning part- 
ners (centre right) can indicate the 
presence of a ‘female mimic’!*, a 
small sexually mature male that 
mimics female behaviour while 
‘stealing’ fertilizations from nest- 
ing males. Nesting males are 
shown mobbing a large predatory 
turtle (top right), fanning eggs 
(right middle) and swimming 
rapidly around the perimeter of 
their nests in ‘rim circling’ displays 
(bottom right). 


colonial birds*. In fish, as in birds, the impact of predation by 
locally available predators should be reduced when large 
numbers of offspring become available over a short period of 
time (as many as 100,000 in a single bluegill nest). The extreme 
synchrony observed both in breeding and nest abandonment 
argues strongly that colonial nesting in bluegills serves an anti- 
predator function. 

In addition to synchronous breeding, active defence can limit 
the availability of the offspring of colonially nesting animals to 
predators. In a colony where each parent defends an area 
around its nest, if defended areas overlap, the offspring might 
benefit from the cumulative defence of several individuals. The 
offspring of colonially nesting birds have been found to gain such 
an advantage, with nests in high-density areas being better 
protected than those in low-density areas*, and this type of 
advantage has also been suggested for colonially nesting 
fishes*"''. In the case of bluegills, evidence of a colony structure 
that promotes overlap of defended areas would support further 
the hypothesis that colonial nesting is a response to predation 
pressure, as would evidence that offspring in high-density areas 
gain additional protection. 

Female bluegills select mates such that males guarding nests 
are found in more tightly packed groups than one would predict 
if females were indiscriminately selecting mates. During the 
spawning period, gravid females are attracted to spawning pairs 
and deposit their eggs in adjacent nests, creating areas of 
spawning activity or ‘spawning centres’'*'?, Bluegill males 
whose nests are not located in these spawning centres often fail 
to receive eggs, or receive too few eggs to merit parental care, 
and abandon their nests following the spawning period. Might 
the spawning response of female bluegills function to ensure that 
their offspring are adequately protected from predation by a 
tightly compacted group of defending males? 

Attempted predation was common in the bluegill colonies 
of Lake Cazenovia, occurring more frequently than has been 
reported in avian colonial systems. In a typical 10-min obser- 
vation period, a bluegill male defended its nest several times 
against potential egg predators. In 950 min of cumulative 
observation, the most common piscine egg predators were 
foraging (not nesting) conspecifics (72%) and members of the 
closely related species Lepomis gibbosus, the pumpkinseed 
sunfish (21%). 

To test whether the offspring in nests in tightly clustered 
groups receive additional protection against predators, I 
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removed males from both isolated and surrounded nests, then 
recorded the number of egg predators present in the nests at 
l-min intervals for 10 min. Nesting males were not observed to 
forage in temporarily vacated nests. Isolated nests (having no 
more than one neighbouring nest) were more vulnerable to egg 
predators than were surrounded nests (having five or more 
neighbouring nests) (Fig. 2). Not only did the presence of 
defending neighbours make it more difficult for foraging fishes 
to enter a focal nest, but neighbouring males often actively 
attacked egg predators foraging in the focal parentless nests, 
with isolated nests receiving significantly fewer defences by 
neighbours than surrounded nests (Fig. 2). The additional pro- 
tection afforded to nests in high-density areas is expected to 
result both from the ‘selfish herd’ effect'*, by which individuals 
passively gain from the presence of neighbours, and from the 
overlap of defended areas. Both protective effects should extend 
readily to other types of predators attacking bluegill offspring. 

The biological significance of these findings is supported by 
two observations. (1) Offspring in parentless nests sometimes 
survive to the freeswimming stage because of the incidental 
protection of neighbouring males. (2) Foraging schools 
composed of bluegills and pumpkinseeds sometimes harass 
isolated nesting males until these males are no longer effective at 
nest defence; this results in complete loss of brood. I never 
observed the nests of males in high-density areas to be similarly 
overrun, apparently because of the incidental protection pro- 
vided by neighbouring nest-defending males. The inability of 
isolated males to defend their nests against egg predators, 
especially those foraging in schools, has probably been a major 
selective force promoting colonial nesting in centrarchid fishes. 

This hypothesis is supported by the observation that those 
centrarchids which frequently nest solitarily or in loose asso- 
ciation (for example, Micropterus, Ambloplites and Pomoxis) are 
larger, more piscivorous fishes than those that typically nest 
colonially, such as Lepomis macrochirus, Lepomis megalotis or 
Lepomis punctatus, even in the same habitat. These larger, more 
piscivorous forms are probably able to defend their nests better 
against foraging schools'*. Such superior capability alone, 
however, is an inadequate defence for isolated nests when 
sunfish are present in high densities. In these conditions the 
nesting success of even the largest, most piscivorous forms, such 
as Micropterus, can be severely limited'*. Finally, as foraging 
schools of bluegills are such predominant and effective preda- 
tors on the eggs of conspecifics, wherever bluegills occur and 
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Fig. 2 Two observers simultaneously removed nest-guarding 
males from a, isolated nests (having no more than one neighbour- 
ing nest) and b, surrounded nests (having five or more nei ghbouring 
nests), then recorded the number of egg predators present in each 
nest at 1- min intervals for 10 min, and the total number of 
defences by neighbouring males. Surrounded nests had 
significantly fewer cumulative egg predators (P <0.001, Mann- 
Whitney) and received significantly more defences by neighbour- 
ing males (P < 0.001, Mann-Whitney). 


nest, an effective egg predator will also occur. Thus bluegills 
might be considered their own worst enemies, and may them- 
selves have generated much of the selective pressure promoting 
their extreme form of colonial nesting. 
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Although the events which predispose a host to measles virus 
persistence remain largely unknown, measles antibody has been 
shown to contribute to the production of a persistent infection 
by this virus both in vivo and in vitro. Thus, the addition of 
measles antibody to cells infected with measles virus promotes 
virus persistence’. Latent measles infection occurs in newborn 
hamsters with maternally acquired antibody after inoculation 
with measles virus in the immediate neonatal period’. A 
subacute encephalitis with measles virus persistence has been 
induced in weanling BALB/c mice that received antibody after 
virus inoculation’ and in measles-immune primates infected 
with a virus derived from a patient with subacute sclerosing 
panencephalitis’. Measles virus consists of six polypeptides, and 
treatment of measies-infected cells with antibody has been 
shown’ to alter the pattern of their synthesis. As the antigenic 
specificity of the antibody responsible for these observations is 
not known, we decided to investigate the effects of monoclonal 
antibodies directed against the individual measles polypeptides. 
We report here that a monoclonal antibody directed against the 

virus haemagglutinin, unlike an antibody to the virus nucleo- | 
capsid protein, is able to induce a subacute encephalitis in vivo. 

After the intracerebral (IC) inoculation of weanling BALB/c 
mice with 1077 ICLDso units of hamster neurotropic (HNT) 
measles, about 70-80% of the mice die from an acute enceph- 
alopathy. This encephalopathy produces mortality within the 
first 3 weeks and is characterized by a complete absence of brain 
inflammation, although neuronal viral antigen is readily 
demonstrable’. If hyperimmune measles antiserum (HI serum) 
is administered 3 days after virus inoculation, all the mice 
survive the acute period, but ~30% develop a delayed disease 
and die. Its onset is variable and has been observed up to 8 weeks 
post-inoculation. It is characterized by weight loss, seizures, and 
multiple neurological abnormalities that are fatal in a few weeks. 
Unlike the acute encephalopathy where brain inflammation is 
absent, histopathology of this subacute disease is characterized 
by mild inflammatory response of the meninges and paren- 
chyma. Thus, it is referred to as an encephalitis. 
Immunofluorescence of the frozen sections from moribund 
animals shows abundant viral antigen in neurones of the hippo- 
campus, frontal cortex, brainstem and cerebellum’. Mice which 
do not develop the subacute disease (~70%) have been 
observed for up to 6 months and remain well. 

The HI serum used to induce the subacute encephalitis was 
prepared by hyperimmunization of BALB/c mice with 
Edmonston measles virus*. The serum has reactivity to all 
polypeptides of the measles virion. However, the polypeptide 
specificities of the antibody molecules in this panreactive serum 
that are responsible for this in vivo effect are unknown. To 
investigate this question, ascitic fluid containing monoclonal 
antibodies with single specificities against the virus haemag- 
glutinin (C1 AF)* and virus nucleocapsid protein” was tested in 
this system for the ability to modify disease. Administration of 
the C1 AF abolished the acute encephalopathy and led to the 
development of a subacute disease which lasted up to 70 days. 
Two representative experiments, out of eight, are shown in 
Table 1. Large doses of C1 AF inhibited disease completely and 
with decreasing amounts of antibody the incidence of the 
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Table 1 Mortalities of BALB/c mice after intracerebral inoculation of HNT measles virus—effects of passive transfer of monocional antibody to 
viral haemagglutinin 


Mortality Mean survival 
Expt no. Group Antibody Dilution Acute Delayed time (days) Daily mortalities 
1 A None as 70 (7/10) 0 11 (8-19)  d8?, d9*, d16', d19' 
B HI serum 1:10 0 50 (8/16) 39 (24-56) d24', d27', d387, d41', d48', d56' 
C P3 X63 AF 1:10 70 (7/10) Q 14 (12-18) d127, d13*,d17°, di8' 
D 79 X1 C1 AF 1:25 0 30 (3/10) 56 (26-71) d26', d70', d71' 
1:100 0 40 (4/10) 43 (35-56) d35', d38', d42', d56' 
2 A None = 72 (8/11) 0 12(9-19)  d9', d10*, d11°, di2’, di4', a19! 
B 79X1C1 AF 1:10 0 0 eke a 
1:20 0 20 (2/10) 46 (36-56) d36', d56' 
1:100 0 36 (9/25) 37 (28-45) 28", d327, d41°, d43', d45' 
1:500 10 (1/10) 40 (4/10) 25 (20-34) d20', d22*, d25°, 434 
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Four-week-old female BALB/c mice were inoculated with 10° ICLDso units of HNT measles virus in 0.03 ml in the right cerebral hemisphere 
under light ether anaesthesia, using a tuberculin syringe and 30 G needle. All animals received 0.2 ml of the appropriate dilution of antiserum through 
the tail vein on day 3 post-inoculation. Control animals received nothing. Transfer of normal mouse serum in previous experiments were without effect 
on the onset or course of clinical disease. Characteristics of antisera used were: HI serum, serum pooled from 50 female BALB/c mice after 
hyperimmunization with purified Edmonston measles virus. Initial immunization was with complete Freund’s adjuvant followed by multiple boosts 
(13 boosts over 18 months) in saline or incomplete Freund’s adjuvant. The serum titres were: 1: 1,024 by haemagglutinin inhibition test, 1: 2,048 by 
complement fixation test, > 107* by virus neutralization test and 10°° dilution by radioimmunoassay. The serum reacts with all polypeptides of the 
Edmonston measles virus in a radioimmunoprecipitation assay’. PS X63 AF, ascitic fluid prepared from pristane-primed BALB/c mice inoculated 
with the parent myeloma cells used to produce the 79 XI-C hybridomas“. 79 XI CI AF, ascitic fluid prepared from pristane-primed BALB/c mice 
inoculated with 79 XI-C hybridoma. The ascitic fluid had reactivity only with the haemagglutinin of Edmonston measles virus. The ascitic fluid titres 
were: 1:4,000 dilution in virus neutralization, 1:4,000 in haemagglutinin inhibition and 10°’ dilution in a solid-phase radioimmunoassay. The 
antihaemagglutinin antibody is identified as IgG1 subclass’. All mortalities were recorded from the day of virus inoculation. Mortalities within the first 
21 days were arbitrarily considered ‘acute’ and subsequent mortalities were included in the ‘delayed’ group. Mean survival time was calculated as the 
mean duration from the day of inoculation to the day of death (range indicated in parentheses). Daily mortalities; superscript number indicates the 


total mortality for the day (d) indicated. 


subacute clinical disease increased. At the greatest dilution 
(1:500) used, protection from the acute disease was not 
absolute (expt 2, Table 1). In animals receiving the lower doses 
of antibody the onset of the subacute illness was earlier and the 
total mortality greater. These observations suggested an inverse 
correlation between the dose of antibody transferred and total 
mortality, and, furthermore, that the onset of clinical illness may 
be related to the fall in serum antibody. This was supported by 
studies correlating the antibody levels with the onset of clinical 
illness. Following transfer, the antibody levels declined, and 
were barely detectable when clinical illness began. Transfer of 
large amounts of monoclonal antibody to the virus nucleocapsid 
protein did not affect the acute mortalities in three experi- 
ments. Similarly, no effect was observed with normal mouse 
serum or ascitic fluid obtained from the parent myeloma 
(P3 X63)’. 

The virological and pathological features of the delayed 
encephalitis were studied. One hundred weanling BALB/c mice 
were inoculated with 10?”ICLD.;, units of HNT measles virus 
and given 0.2 ml of a 1: 100 dilution of the C1 AF through the 
tail vein on day 3. Every 5 days viral expression in the brains of 
five infected animals was studied by direct immunofluorescence. 
A fluorescein-conjugated IgG purified from the serum of a 
patient with subacute sclerosing panencephalitis capable of 
reacting with all measles polypeptides was used'’. On day 8 after 
virus inoculation, the brains of all five animals had viral antigen, 
which was detectable in occasional neurones. On days 13 and 18 
viral antigen could no longer be detected in any of the 10 brains 
studied. At day 23 viral fluorescence was readily observed 
bilaterally in all five animals. The onset of clinical illness 
followed shortly afterwards in the remaining mice. The animals 
with clinical encephalitis had viral antigen detectable in the 
neurones of the hippocampus, frontal cortex, brain stem and 
cerebellum. Brains from moribund animals were also studied by 
light microscopy. These showed meningeal and parenchymal 
perivascular cuffs of mononuclear cells. However, the degree of 
inflammation was considerably less than in chronic encephalitis 
described in the SJL mouse’? or disease induced by the 
panreactive serum in BALB/c mice’. 

Clearly, unlike the antibody to nucleocapsid protein, antibody 
with reactivity only to the virus haemagglutinin can modify the 
clinical course of acute murine measles encephalitis. Although 


the precise mechanisms whereby C1 AF delays the acute ence- 
phalopathy are unknown, the effect may be through antigenic 
modulation in vivo. The haemagglutinin is expressed on 
infected cell surfaces and is available for modulation by anti- 
body. The observed disappearance of all viral antigens from the 
central nervous system at days 13 and 18 suggests that the 
reaction between the haemagglutinin peptide and the anti- 
haemagglutinin antibody alters the synthesis of all viral poly- 
peptides in vivo. Similar effects have been observed in experi- 
ments in vitro®. 

The HI serum contains antibody against the fusion protein 
which is also expressed on infected cell surfaces. Although 
antibodies to fusion protein may also be important in antigenic 
modulation of infected cells, in vitro studies suggest that this 
antigen is available for interaction with its antibody only in the 
Fab monomeric state at least on the surface of some infected 
cells'', However, monospecific antibody to the fusion protein of 
another paramyxovirus, SVS, inhibited the spread of infection 
by limiting cell fusion and virus entry after virus adsorption”. 
The effect of antibody to the fusion protein on the modulating 
ability of the HI serum remains to be determined. The results 
from this study establish that antibody to one surface 
component, the haemagglutinin, is responsible for some of the in 
vivo effects of the HI serum. The antibody reactivity not only 
leads to delayed clinical disease but alters the synthesis of viral 
polypeptides in infected cells. 

We thank Drs Barry Bloom and M. Birrer for providing the 
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ley Sutphin and Gail Raoofi for secretarial assistance. 
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Acute rabies death 
mediated by antibody 


Bellur S. Prabhakar* & Neal Nathanson 
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Among inadequately immunized laboratory animals dying of 
rabies, a small but consistent proportion succumb after an 
incubation period shorter than that of any of the unvaccinated 
controls’*” and this phenomenon has been termed ‘early 
death’. It has also been shown that, after immunosuppression 
either with cyclophosphamide or by thymectomy and irradia- 
tion’, rabies-infected animals survive longer with decreased 
incidence of paralysis. It appears that ‘early death’ also occurs in 
humans who have been treated (unsuccessfully) with vaccine, 
with or without accompanying serum therapy”, after exposure 
to rabies. Collectively, these studies suggest that there is a 
immunopathological component in rabies virus infection. We 
have therefore investigated a model of lethal rabies infection in 
immunosuppressed mice and have concluded that B lympho- 
cytes or antibody specific for rabies play a part in the causation of 
early death. Accordingly the immune response to rabies has a 
dual role", sometimes favouring survival but sometimes 
enhancing the disease. 

In this study, we used the high-egg-passage Flury (HEP) strain 
of rabies virus, which causes a limited inapparent infection of the 
central nervous system (CNS) in adult mice? that can be con- 
verted into a fatal infection by immunosuppression'”. This fatal 
infection can in time be aborted by adoptive transfer of 
syngeneic immune spleen cells'’. Adult BALB/c mice were 
lethally irradiated by total body irradiation (TBI) from a '*’Ce 
source (800-850 rad). TBI and normal mice were infected 
intracerebrally (IC) on the day of irradiation with 5,000 suckling 
mouse ICLD., of HEP virus. As shown in Table 1, untreated 
TBI mice died due to radiation; but could be protected by 
normal bone marrow cells devoid of mature T lymphocytes. 
Normal mice infected with HEP virus survived, but HEP- 
infected TBI mice died despite immunological reconstitution 
with bone marrow cells, clearly separating rabies death from 
that due to radiation. 

HEP-infected TBI mice reconstituted with normal spleen 
cells or cells from donors immunized 30 days earlier (memory 
cells), died after a mean survival time (MST) of 9 days, but 
spleen cells from donors immunized 7 days earlier (primary 
immune cells) conferred complete protection with animals 
showing no apparent symptoms of the disease. 

However, adoptive transfer of spleen cells obtained from 
donors 3 days after secondary immunization (secondary 
immune cells) resulted in early death of 28% of the recipients, 
while the rest survived. The animals that died within 2-3 days 
after cell transfer did not show any signs of paralysis, typical of 
rabies, but rather acute symptoms such as convulsions and tonic 
spasms, Onset of these symptoms was noted only a few hours 
before death. Histopathological examination of parasaggital 
sections of the brain from nine of these animals that were either 
moribund or just dead showed no inflammation, neuronal 
destruction or other alteration. By contrast, in brains obtained 
immediately after death from a group of eight mice dying of 
rabies 13-15 days after infection, foci of nectoric hippocampal 
cells with minimal inflammation were consistently seen. 

To characterize further the immunological requirements for 
early death, secondary immune spleen cells from syngeneic 
donors were separated into B- and T-cell enriched populations 
by passage through a nylon wool column” or by treatment with 
anti-@ antibody and complement. TBI mice infected with HEP 


* Present address: Laboratory of Oral Medicine, NIDR, National Institutes of Health, Building 
30, Room 121, Bethesda, Maryland 20205, USA. 


Table 1 Effect of TBI and adoptive cell transfer on HEP virus 


infections 
Mortality 
Early 
TBI HEP Donor cells death” Total MST 

+ ~ an 0/10 10/10 9 
+ ~ Bone marrow 0/15 0/15 sia 
~~ + “ne 0/10 0/10 — 
+ + m 0/10 10/10 8 
+ + Bone marrow 0/20 20/20 10 
+ + Normal spleen 0/14 14/14 9 
+ + Immune spleen 

1°+74 0/20 0/20 — 

1°+ 30 0/12 12/12 9 

2°43 9/32 9/32 3 


10-12-week old BALB/c mice were irradiated (800-850 rad, TBD 
and on the same day were inoculated with $,000 suckling mouse ICLD so 
of HEP virus, Four days later, these mice were injected intravenously 
(i.v.) with 10’ bone marrow cells or 10° spleen cells from syngeneic 
donors. MST, mean survival time (days) for mice that died, counting 
from the 4th day of infection when cells were transferred. 

* Indicates mortality within 72 h of cell transfer. 

+ Indicates primary or secondary immune cells and the time of collec- 
tion, in days, after last donor immunization. 


Table 2 Induction of antibody-mediated death in TBI and HEP virus- 
infected mice 
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Early death* Total mortality 
Immunotherapy (%) (%) 
B cells 6/27 (22) 100 
T cells 0/24 (0) 100 
Anti-rabies antibody 6/24 (25) 100 
Normal serum 0/12 (0) 100 


10-12-week old BALB/c mice were irradiated (800-850 rad) and, on 
the same day, inoculated with 5,000 suckling mouse ICLDs5,) of HEP 
virus. T and B cells were obtained from donors immunized with rabies 
virus 33 and 3 d before collection of spleen cells; 60 x 10° fractionated 
viable cells were given i.v. on day 4. Mouse hyperimmune anti-rabies 
antibody and normal serum were given intraperitoneally in volumes of 
0.5 ml each on day 4. 

* Death within 72 h of cell or serum transfers. 


were given enriched B cells, T cells, mouse anti-rabies antibody 
or normal mouse serum. The data summarized in Table 2 show 
that either immune B lymphocytes or rabies-specific antibody, 
similar to secondary immune cells, can induce early death, 
whereas T lymphocytes failed to do so. The failure of B or T 
lymphocytes or antibody to protect is probably due to 
incomplete immunological reconstitution of these 
animals 5, 

These results clearly demonstrate that early death from rabies 
virus is mediated by antibody rather than by immune T cells. 
However, the mechanisms by which the antibody precipitates 
the disease are not obvious. Although it is well established that 
anti-rabies antibody plus complement can lyse rabies-infected 
cells in culture’®, involvement of such a mechanism in early CNS 
lesions needs further study. This model may lead to further 
understanding of the contribution of host immunological 
responses to rabies pathogenesis, and may also be relevant to the 
pathogenesis of obscure virus-initiated human diseases such as 
the acutely fatal encephalopathy of Reye’s syndrome. 

We thank Dr T. J. Wiktor for allowing this work to be done in 
his laboratory at the Wistar Institute, and Drs G. A. Cole and 
J. R. Klein for their critical comments. This work was supported 
in part by USPHS grants NS 16010, AI 09706 and CA 09410. 
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The Ia antigens of the mouse are the basis for the genetic control 
of the immune response. The HLA-D/DR locus is considered to 
be the human counterpart of the la subregion of the murine 
major histocompatibility complex’ *. The HLA-D/DR antigens 
are polymorphic, and eight well defined alleles have been 
identified using alloantisera*. More recently, ‘supertypic’ 
antigens (MB and MT) have been defined which identify clusters 
of HLA-D/DR specificities®”. Little is known about the mol- 
ecular basis for the cellular and serological polymorphism of the 
HLA-D/DR antigens, as alloantisera are usually of very low 
titre and heteroantisera frequently lack monospecificity. We 
present here the preparation and characterization of a mono- 
clonal antibody which defines a new polymorphic system of the 
HLA-D/DR region. This and similar antisera should now begin 
to provide the reagents with which to correlate molecular struc- 
ture with the functional repertoire of the human Ia-like 
antigens. 

Six-week old BALB/c mice were immunized intraperi- 
toneally with 5x 10° ascites tumour cells from a patient with 
Burkitt's lymphoma. Four weeks later, a mouse was boosted 
intravenously with 5 x 10° tumour cells and somatic cell hybrid- 
ization was carried out 4 days later by the modified’ method of 
Kohler and Milstein''. Splenocytes (1 x 10°) were fused in 30% 
polyethylene glycol with P3/NS1/1-Ag4-1 myeloma cells (2 x 
107) and aliquoted into six microtitre plates (Falcon). 
Aminopterin was added 24h after fusion, and macroscopic 
hybridoma colonies became evident between 10 and 28 days in 
culture. 

Preliminary screening identified several hybridoma anti- 
bodies with reactivity limited to: (1) the immunizing Burkitt's 
lymphoma tumour cell, (2) B-cell lines, but not T-cell lines, and 
(3) 20-25% of Ficoll-Hypaque fraction of peripheral blood 
mononuclear cells from normal individuals. All cell-surface 
characterization was done by standard indirect immunofluores- 
cence assay with subsequent analysis of each population 
by the fluorescence-activated cell sorter (FACS-I, Becton- 
Dickinson)*?. 

Antisera were then evaluated to determine whether their 
cellular reactivity was similar to that previously described for 
anti-la-like antisera. The peripheral blood of several individuals 
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was separated, as previously described’’, into T, B, monocyte 
and null cell subpopulations. In addition, purified T cells were 
stimulated with phytohaemagglutinin (PHA) or concanavalin A 
(Con A). One antibody, designated I-LR1, reacted with > 90% 
of B cells and monocytes, ~ 25% of null cells and 25% of Can 
A- or PHA-activated T cells, but was unreactive with freshly 
isolated or unstimulated cultured T cells. An identical pattern of 
reactivity with these fractionated cells was found with the pre- 
viously reported'* I-1 monoclonal antibody which defines a 
non-polymorphic la-like antigen. In addition, antibodies I-1 
and I-LR1 both identify bimolecular glycoprotein complexes 
composed of subunits of molecular weights 29,000 and 34,000 
(see below and Fig. 1) which have been previously shown using 
heteroantisera to define human Ia-like antigens'*'°. Hybridoma 
I-LR1 was then cloned by limiting dilution and injected into 
pristane (Aldrich)-primed BALB/c mice to produce immune 
ascites'’, Monoclonal antibodies I-LR1 and I-1 were then tested 
on the B cell-enriched mononuclear cells from 50 healthy 





Table 1 Reactivity of I-LR1 with homozygous typing cells 


rte lerttrret adnan Arrears en eer hrr ia aa A A AY AAR AANA AREA RLS AAAS SYD AN AE 


No. positive with monoclonal 


antibody 
Dw DR No. HTCs I-i LLRI 
tested* 

i i 5 5 4 
2 2 9 9 3 
3 3 8 8 2 
4 4 6 5 0 
5 5 2 2 2 
6 w6 3 3 2 
7 7 5 5 2 
10 4 3 3 9 
11 7 6 6 3 
Total 47 46 18 


Cryopreserved HTCs were provided by the National Institute of 
Allergy and Infectious Disease HTC Typing Panel and by the Histo- 
compatibility Laboratory of the Johns Hopkins Medical School. The 
NIAID HTC panel represented homozygous cells from several typing 
laboratories, including: (1) the Sidney Farber Cancer Institute, (2) 
Memorial Sloan-Kettering Cancer Center, (3) Stanford University, (4) 
Columbia University, and (5) Leiden. These cells were typed for HLA- 
A, -B, -C, -DR and -D, and are presented by D typing. They include: 
Dwi (BVR, OOS, RM-8W104, CAH and J. Beil); Dw2 (FVV, VN2, 
KIL, TAL, TI, PA, NOL, LA and VML-8W113); Dw3 (AVL, NR3- 
8W122, NC-3, TPA-8W123, SFN RW, HRA, 2853-8W119 and KF-8); 
Dw4 (SFN BN, RJM, MWM, GW-8W132, ER-81128 and 5-0107), 
Dw5 (NAB-8W142 and 6W7006-8W137); Dw6 (HHk, JGr and 
Daudi); Dw7 (P. Burk, SFN MA, JB12 and MMF), Dw10 (EMI10- 
8W210, FS-8W212 and 2046-8W213), and Dw11 (DMT, MSA, CA, 
JVM, J. King and D. Beil}. (8W represents the Eighth Histocom- 
patibility Workshop designation of the HTCs.) All analyses were carried 
out on cryopreserved cells with B cell-enriched fractions isolated by 
Sephadex G-200 anti-F(ab'), chromatography. Cells (1-2 x 10°} were 
treated with 0.1 mi of a 1:5,000 dilution of an anti-[a monoclonal 
antibody or a 1:5,000 dilution of an unreactive control antibody of a 
similar immunoglobulin isotype, incubated at 4°C for 30 min, and 
washed twice. The cells were then reacted with 0.1 ml of a 1:40 dilution 
of a fluoresceinated goat anti-mouse IgG at 4°C for 30 min, washed 
twice, and analysed on the FACS-I or Cytofluorograf FC200/4800A. 
Intensity of fluorescence for I-1 or I-LR1 was determined for 40,000 
cells in each population by standard indirect immunofluorescence and 
compared with the fluorescence of an unreactive isotype identical 
monoclonal antibody. A displacement of the histogram of the test 
monoclonal antibody compared with the histogram of an unreactive 
isotype monoclonal antibody was scored positive. In addition, for each 
test sample, a quantitative assessment of the number of positive cells was 
made (number of cells reactive with test monoclonal antibody minus 
number of cells reactive with the unreactive isotype-identical mono- 
clonal antibody divided by 40,000 total cells tested), 

“In addition to B cell-enriched fractions isolated from HTC 
mononuclear cells, 14 HTCs were transformed by Epstein-Barr virus 
into lymphoblastoid B-cell lines and the identical patterns of reactivity 
were found for 1-1 and I-LR1 (two lines of each of the following D/DR 
types: 1,2,3,4,5,7,11). 
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unrelated HLA heterozygous individuals. Antibody I-LR1 was 
reactive with the B cells of only 28 individuals, whereas antibody 
I-1 reacted with all 50, suggesting that the I-LR1 antigen was 
polymorphic. 

To investigate the specificity of I-LR1 further, a panel of 
homozygous typing cells (HTCs) was examined. As shown in 
Table 1, I-1 reacted with the B cell-enriched fraction of 46 of 47 
HTCs tested, and I-LR1 reacted with only 18 of 47. Moreover, 
the pattern of reactivity of I-LR1 did not identify a monospecific 
HLA-D/DR determinant, nor did it identify a previously 
defined cluster of HLA-D/DR determinants (supertypic). In 
addition, five separate pairs of HLA-D/DR-identical individu- 
als (pairs including HLA-D/DR 2,3; 4,7; 4,6; and 1,4) dis- 
played reciprocal patterns of reactivity with I-LR1 (for example, 
D/DR 2,3 reactive, I-LR1 reactive and D/DR 2,3 reactive, 
1-LR1 nonreactive). This pattern of reactivity on HTCs suggests 
that I-LR1 defines a new [a-like specificity. 

Additional support for the notion that the I-LR1 antigen was 
encoded by the major histocompatibility complex was demon- 
strated by family inheritance studies. As shown in Table 2 
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Fig. 1 Serial immune precipitation using 
monoclonal antibodies I-1 and I-LR1. A: a, 
I-1; b, I-1; c, 1-1; d, protein A-Sepharose 
alone; e, I-LR1. B: a, I-LR1; 6, I-LR1; c, 
I-LR1; d, protein A-Sepharose alone; e, I-1, 
The B-lymphoblastoid cell line, Laz 388, was 
surface-labelled with '**I by the lactoperox- 
idase method”. NP40-solubilized membrane 
extracts were applied to a lentil lectin column 
and bound glycoproteins eluted with 3% a- 
methyl-D-mannoside. In conditions of anti- 
body excess, an aliquot of lentil lectin- 
retained labelled membrane material was 
incubated three times with I-1 bound to pro- 
tein A-Sepharose for 14 hat 4 °C. After each 
extraction, pellets were washed three times in 
a detergent containing buffer and counted 
along with a control sample to follow the 
efficiency of the extraction process. The 
supernatant was then incubated for 14 h with 
protein A~Sepharose without added antibody 
and processed in a similar way to control for 
any free antibody-antigen complexes which 
might be present. The supernatant was then 
incubated overnight with I-LR1 bound to 
protein A-Sepharose. Similar serial extrac- 
tions were performed with the I-LR1 anti- 
body. Antigens were resolved by electro- 
phoresis on a gradient polyacrylamide slab gel 
and visualized by fluorographic processing 
and autoradiography as described pre- 
viously”. Molecular weights are shown. 
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(family Kan), I-LR1 reactivity segregates with the maternal ‘c’ 
haplotype. This observation strongly suggests that the I-LR1 
locus segregates with alleles linked to the HLA complex. 
Linkage to the HLA-D/DR locus was then demonstrated in 
families with HLA-D/DR recombinant individuals. As shown 
in Table 2 (family Sch), the I-LR1 reactivity segregates with the 
maternal ‘c’ haplotype. Children 3 and 4 are HLA identical, 
except at the HLA-D/DR region (see Table 2 legend). B cells 
from child 3 were reactive with I-LR1, whereas the B cells from 
child 4 were nonreactive, suggesting that the I-LR1 locus is 
closely linked to the HLA-D/DR locus. Three additional famil- 
ies (data not shown) provided informative linkage data for 
I-LR1. For the total of five families (26 of 26 individuals), a 
determination of the linkage to HLA-D/DR was determined by 
the lod score method'®, and a very tight linkage to the HLA- 
D/DR was found (6,,,, = 0.0, lod score 6.321). These family 
studies demonstrate that I-LR1 is linked to the HLA-D/DR 
locus. 

The present study demonstrates that the I-LR1 antibody 
identifies a polymorphic antigen which shares a pattern of 





Table 2 Inheritance of I-LR1 within families 


3 c 
Family identity Antibody Paternal haplotypes (2) Maternal haplotypes (=) Reactivity 
reactivity d, with siblings 
12345678 
Kan A1, Cw*-, B8, Dw3, DR3 AS Cw-, B18, Dwi, DRI an a I 
A3, Cw-, B7, Dw1, DRI A28, Cw4, Bw35, Dw2, DR2 cdddcddd 
I-LR1 0 + +000+000 
Sch Al, Cw-, B8, Dw3, DR3 A2, Cw5, Bw44(B12)}, Dw5, DRS a ba aa” 
A23, Cw4, Bw44(B12), Dw7, DR7 A3, Cw6, B57(B17), Dw7, DR7 dece 
I-LR1 0 + O0++0 
Recombinant—Sch family Child 3 Child 4—recombinant HLA-B/D 
a Al, Cw-, B8, Dw3, DR3 a Al, Cw-, B8, Dw3, DR3 


€ A2, Cw5, Bw44(B12), Dw5, DR5 c/d 


A2, Cw5, Bw44(B12), Dw7, DR7 





* A dash indicates that no typing was assignable with present international typing reagents. 
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cellular reactivity, molecular weight and HLA linkage with 
those previously described for human lIa-like antigens. 
However, the pattern of reactivity on HTCs and HLA-D/DR- 
identical heterozygotes suggests that this antibody defines a new 
la-like antigenic specificity distinct from the known DR, MB 
and MT specificities. Lampson and Levy’? have recently 
demonstrated that two monoclonal antibodies defining non- 
polymorphic Ia-like antigens identify distinct populations of 
Ia-like (p29,34) molecules. We now have evidence that the 
p29,34 molecule identified by I-LR1 is distinct from the p29,34 
molecule defined by a monoclonal antibody, I-1 (ref. 14), direc- 
ted against a non-polymorphic Ia-like antigen (Fig. 1). Extrac- 
tion of radiolabelled membrane material from the B-lympho- 
blastoid cell line Laz 388 with I-1 monoclonal antibody removes 
all the p29,34 glycoproteins recognized by that reagent (Fig. 1A, 
a~e). When this extracted supernatant was tested with I-LR1, 
clearly defined gp29,34 complexes were still identified. Identical 
serial extraction using I-LR1 followed by testing with I-1, 
produced similar results (Fig. 1B, a-e). As complete extraction 
of the la-like complex recognized by I-1 leaves the Ia-like 
complex recognized by I-LR1 and vice versa, these antibodies 
seem to identify different Ia-like molecules which are immuno- 
chemically as well as genetically distinct. 

Using N-terminal amino acid sequencing, several labora- 
tories’’** have demonstrated that the DR and Ia-like antisera so 
far tested define antigens which share a high degree of sequence 
homology with murine I-E/C antigens. Recently, Goyert et 
al.?*, using peptide mapping and limited N-terminal amino acid 
sequencing, have found that the heavy subunits of the DRw2 
and DRw7 antigens are nearly identical but differ significantly 
from the respective subunit of the DRw§S antigen. They have, 
therefore, speculated that DRw5 may represent the human 
counterpart of the mouse I-A subregion antigen. It is intriguing 
to speculate that the I-LR1 antigen may identify one allele of a 
new polymorphic system which may be similarly encoded by the 
human counterpart of the murine I-A locus. The precise rela- 
tionship of the I-LR1 antigen to the murine Ia antigens will 
require further biochemical investigations. 
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Cellular proliferative activity has previously been determined by 
measuring the incorporation of radiolabelled nucleotides or by 
visual inspection of cellular morphology. Although two flow 
cytometric methods’ have recently been developed which can 
distinguish cycling from non-cycling cells, both have serious 
disadvantages. One method requires uptake of a substantial 
amount of BUdR’, limiting its usefulness for in vitro systems. 
The other method utilizes RNA/DNA content differences’ but 
its successful application has proved cell-type dependent. We 
have now used the findings that the cell membrane is more 
highly polarized in resting than in proliferating cells’ and that 
cyanine dyes carrying a delocalized positive charge enter live 
cells to an extent that depends on the cell membrane potential‘, 
to develop a method of distinguishing between cycling and 
non-cycling cells. The greater the membrane polarization, the 
greater is the concentration of dye within the cell. At high 
concentrations, the dye molecules aggregate and their fluores- 
cence is quenched*. Thus, for a given external dye concen- 
tration, cells of different membrane potential would accumulate 
different amounts of fluorescent (non-aggregated) dye. Using 
fibroblasts in culture conditions chosen to provide various 
models of cycling and non-cycling cells, we found that fluores- 
cence intensity with the dye 3,3'-diheptyloxycarbocyanine (Di- 
O-C,(3))* was consistently greater in the former than the latter. 

The human foreskin fibroblasts used in these experiments 
show virtually no mitotic activity once confluent. In the first 





Table Changes in fluorescence intensity of cycling and non-cycling fibroblasts 
with dye concentration 





ater avene 





Dye concen- Wound Confluent 

tration (M)* margint region? Ratioz Background$ 
2.5% 107° 246.049.40 183.0412.7 1.342011 4.80+0.32 
1.0 107° 290.0412.) 112.046.7 2.590.335 5 30t 0.30 
§.0x 10°? 258.04 16.5 $6.843.1 §.51+0.51 2.55 0.03 
2.8%10°7 104.0+ 7.50 22.9%2.2 4,5620.54 26240.15 
10x107 70.78.90 13.341.9 §,32+1.01 1.93 40.16 
5.0 10% 21,141.34 8,.34+0.9 2.5340,42 1.68 + 0.20 





Slides were analysed with a Zeiss Axiomat photometer. Fluorescence was 
excited with epi-illumination from a 100-W mercury arc lamp; the exciter filter was 
a BP 450-497, the dichroic mirror an FT 510 and the barrier filter an LP 526. 
Areas of interest on the slide were initially identified with a x 10 or x25 objective 
under bright-field phase. Measurements of cytoplasmic fluorescence from selected 
cells were made with a x50 0.95 NA dry objective and an effective photometer 
aperture of 4-um diameter. Fluorescence collected by this aperture was detected 
by a Hamamatsu R-928 photomultiplier and the output pulses from the tube were 
detected and counted by a Princeton Applied Research Corporation Model 
1104/1120 ratemeter/discriminator. Fluorescence intensity measurements were 
made immediately after opening the fluorescence excitation shutter, Although 
some fading or enhancement of fluorescence was observed over a 30-s period, the 
rate of change was sufficiently low to permit reproducible measurement of 
fluorescence intensity, as indicated by the standard deviations. 

* Di-O-C,(3); see Fig. 1 legend for a description of the staining method. 

+ Thousands of photon counts per cell; expressed as mean £5. g. {n = 15) after 
subtraction of indicated background. 

$ Wound margin mean/confluent region mean. 

$ Thousands of photon counts as measured in the centre of the wound away from 
all cells: expressed as mean + s.e, (n = 4), 











+ Present address: FACS Division, Becton-Dickinson, 490-B Lakeside Drive, Sunnyvale, 
California 94086, USA. 
$ To whom correspondence should be addressed. 
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Fig. 1 Fluorescence dis- 
tribution in fibroblasts stained 
with the cyanine dye, Di-O- 
C.(3) Human foreskin 
fibroblasts were wounded and 
stained with 1,0 x 10-7 M Di- 
O-C,(3) 4h after wounding 
Fluorescence photomicro- 
graphs were taken using a 
x 100 oil immersion objective 
and identical exposure times 
for cells at the wound margin 
(a) and cells in the confluent 
region of the same coverslip 
(b). Maximal definition of the 
fibrillar structures shown was 
observed at a stain concen- 
tration of 1.0* 1077M. AtrS»* 
107M more diffuse cyto- 
plasmic staining was obser- 
ved, although the intensity 
ratio for wounded = and 
confluent cells was not 
significantly different at the 
two concentrations (Table 1) 
Di-O-C,(3) (synthesized by 
A.S.W.) exhibits maximum 
absorbance at 488nm (in 
ethanol) and maximum 
fluorescence at 504 nm. Stock 
dye solutions were prepared 
by adding ~1 mg of crystal- 
line dye per ml of ethanol. 
Stock concentrations were 
assessed spectrophoto- 








metrically, based on an extinction coefficient of 1.49 x 10° M~‘ cm” *. Stock solutions were stored for up to 2 months in foil-wrapped tubes at 4 °C. The human skin 
fibroblasts (donor HS0001, Naval Bioscience Laboratory, Oakland) were used for passages 1-5 and grown at 37 °C on coverslips placed in sealed Leighton tubes 
containing 10% CO,. The growth medium consisted of DMEM supplemented with 10% fetal calf serum, penicillin (0.2 units ml~') and streptomycin (0.2 ug ml’). 
Growth medium was changed every 3—4 days. Wounding of monolayers was accomplished by scraping a strip of confluent cells from a coverslip using a modified metal 
microspatula and sterile procedures. Tubes containing scraped coverslips were returned to the incubator until staining. The cells were stained using the following 
procedure. Culture tubes were removed from the incubator and the growth medium was removed by aspiration, The slides within the tubes were then rinsed twice 
before staining. The rinse solution was Dulbecco's phosphate-buffered saline supplemented with 4.5 g1 ` glucose. The staining solution consisted of the above salt 
solution plus an appropriate concentration of dye. The dye was allowed to equilibrate with the cells for 15 min at room temperature in the dark. Coverslips were then 
removed from the tubes with forceps, wet mounted using staining solution and sealed with paraffin. Photographs were taken with the 35-mm camera built into the 
Zeiss Axiomat, Kodak type EH-135 film was exposed for 5s and developed at ASA 160. 


system, we used contact-inhibited confluent cultures grown on 
glass coverslips as a model for the non-cycling state. A ‘wound’ 
scraped in a confluent monolayer releases the cells at the wound 
margin from contact inhibition’, thus providing both cycling and 
non-cycling cells on the same coverslip. To determine the 
maximum fluorescence difference between active and quiescent 
cells, we examined monolayers at a variety of dye concentrations 
4 h after wounding (Fig. 1, Table 1). Table 1 shows that cycling 
cells were more fluorescent than non-cycling cells over a 50-fold 
range of dye concentration, with the intensity ratio varying from 
1.5 to 5. As the maximum value of the intensity ratio was 
obtained with 5 x 1077 M dye, this concentration was chosen for 
further studies. 

The viability of cells in dye was assessed by a double staining 
experiment using ethidium bromide (1 x 10 ° M) as a measure 
of the cells’ ability to exclude ethidium bromide; dead cells 
concentrate this dye within their nuclei, while viable cells remain 
unstained’. The cells remained viable and excluded ethidium 
bromide for at least 2 h in the presence of 5x 10°’ M cyanine 
dye, indicating that Di-O-C,(3) itself is not toxic in these 


Table 2 Effect of growth medium on fluorescence intensity in cycling and 
non-cycling fibroblasts 





Fluorescence 


Cell density Growth medium” intensity? 


1.00 + 0.066 
2.8920.18 
1.71+0.16 
1.15+0.084 


Permissive 

Permissive 
Non-permissive, 52 h 
Non-permissive, 6 days 


Confluent monolayer 

Nonconfiuent monolayer 
Nonconfluent monolayer 
Nonconfluent monolayer 


* Permissive = Dulbecco's modified Eagle's medium (DMEM) + 10% fetal calf 
serum; non-permissive = DMEM + 0.5% fetal calf serum 

t Means=s.c. all expressed relative to the fluorescence intensity of the confluent 
monolayer in permissive medium measured after exposure to 6x 107 M Di-O- 
C,(3) as described in Fig. 1 legend 





experimental conditions. In addition, absence of ethidium 
bromide staining in the cells at the wound margins indicates that 
cells brightly stained with cyanine dye were not damaged by the 
wounding process. Thus, the intensity differences shown in 
Table 1 are not the result of differences in viability of the cell 
populations. 

Intensity differences were also observed in our second model 
system, using fibroblasts grown to different cell densities. Non- 
confluent and confluent cells on different coverslips were stained 
and measured using the previously outlined protocol. As Table 2 
demonstrates, the non-confluent (cycling) cells stain more 
intensely than the confluent (non-cycling) cells. 

Table 2 also summarizes the results obtained in the third 
model system, in which non-confluent cells were incubated for 
various periods of time in non-permissive medium (0.5% fetal 
calf serum), in which they become essentially non-cycling cells”, 
and measurements were made as previously described. After 6 
days in this media, the cell fluorescence approached that of 
confluent contact-inhibited cells, although the monolayer was 
still subconfluent. Visual inspection of cells in low-serum 
medium did suggest a low level of mitotic activity. 

To determine the time required for cells at the edge of a 
wound in a confluent layer to become significantly brighter than 
cells in the interior, six confluent monolayers were simul- 
taneously wounded by scraping, returned to media and at 
various times later stained with 5 x 10°’ M dye for 15 min and 
then assayed for fluorescence intensity. The results of this 
experiment (Table 3) may be summarized as follows. (1) Fluor- 
escence changes in the cells at the wound margin were noted as 
soon as measurements could be made, that is, within 18 min. (2) 
Maximal fluorescence intensity of the bright cells occurred 
within 18 min and a constant fluorescence ratio of wounded to 
confluent cells was then maintained for at least 1 h. (3) The per 
cent of bright cells at the wound margin increases with time and 
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Table 3 Changes in fluorescence of cycling and non-cycling fibroblasts with time 
after wounding 





Time after 
wounding Wound Confluent 
(min) margin region Ratio Background 
3 272425.3 55.1+4.2 4.94 +0.39 1.22 +0.06 
30 197+15.0 42,.5+4,3 4.64+0.59 3.484 0.26 
60 204 + 16.1 46.1+3.6 4.42+0.49 3.35 +0.32 





The cells were stained with 5 x 1077 M Di-Q-C,(3) as described in the text at the 
indicated time after wounding. Staining required a 15-min incubation in dye at 
room temperature in the dark. Parameters measured were as described in Table 1 
legend. 


bright cells are eventually noted several cell layers into the 
confluent monolayer. Mitotic figures and rounded cells are 
observed at later times. 

It is interesting to speculate on the mechanism by which the 
dye reflects changes in the cycling state of the cells. One possi- 
bility is that the dye stains cell cytoplasm relatively non- 
differentially. Observed intensity differences would then be 
merely the result of differences in cell size and shape between 
the two cell populations. Two observations oppose this inter- 
pretation. First, microscopic analysis suggests that the size and 
shape differences between bright cells at the wound margin and 
those in the confluent monolayer are minimal, especially at early 
time post-wounding. Second, the intensity ratio of bright to dim 
cells is concentration dependent (Table 1). If the fluorescent 
intensity difference merely reflected differences in cell size, the 
ratio of intensities should remain fairly constant, independent of 
dye concentration. 

A possible mechanism for the observed fluorescence 
difference is that the dye stains some cytoplasmic structure. 
Figure 1 shows that the dye does not stain nuclear structures and 
is localized in discrete filamentous structures within the cyto- 
plasm. Comparison of the morphology of staining in Fig. 1 with 
that obtained by Johnson et al.” using rhodamine 123 suggests 
that these structures might be mitochondria. Cyanine dyes have 
been used to stain isolated mitochondria and seem to respond to 
membrane potential in such systems’®. The timed wound 
experiments (Table 3) indicate that detection of cycling cells can 
be accomplished considerably earlier than is possible with 
methods dependent on DNA synthesis. These results also 
suggest that some cell parameter—perhaps the cellular or mito- 
chondrial membrane potential—changes very soon after the 
cells are triggered to begin cycling. 

Finally, the intensity differences reported here are large 
enough to allow good discrimination even in cell populations 
which have fairly broad fluorescence distributions. Such 
differences should also make the detection of even relatively 
small cell populations possible using quantitative techniques for 
single-cell analysis and sorting'’. Di-O-C,(3) staining therefore 
promises to provide a fast, easy and sensitive method for dis- 
tinguishing cycling cells from quiescent cells. 

This work was supported by NIH grant GM-23088 (P. K. H., 
J. E. G. and K. A. M.) and a summer fellowship from the Janet 
E. Bently Fund of the University of Rochester Cancer Center 
(R.L.C.). 
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Early in cardiogenesis, heart primordia are brought together at 
the midline and fuse with each other progressively caudally— 
this results in the formation of the primitive tubular heart which 
begins beating spontaneously at the middle period of the 9- 
somite developmental stage in the chick embryo’. However, in 
these very early stages of development, the myocardial cells are 
small and technically difficult to impale with microelectrodes; 
thus electrophysiological studies on the very early embryonic 
heart are rare’. Recently, potential sensitive dye-related 
absorption signals have provided a new method for monitoring 
spontaneous action potential activity in the early embryonic 
heart*”. This technique is based on the observation that changes 
in potential across membrane(s) stained with certain voltage- 
sensitive dyes are accompanied by changes in their optical 
properties (absorption, fluorescence, and/or birefringence)” ™. 
Usmg absorption signals, we have already demonstrated in 
embryonic pre-beating chick heart in the 7-8-somite stages, the 
occurrence of action potential activity**, development of 
pacemaker potential®’ and cardiac rhythm generation’. With 
this method, originally introduced to record neuronal activity in 
invertebrate ganglia’’’*, many cells or portions of the pre- 
paration can be monitored simultaneously. Accordingly we have 
expanded the optical recording apparatus to monitor simul- 
taneously spontaneous action potentials from five portions of an 
early embryonic heart, and report here experiments carried out 
on the embryonic hearts of chicks (white Leghorn) at the 
7-11-somite developmental stages, corresponding to 25-35 h of 
incubation. The hearts attached to the embryo were stained with 
a merocyanine-rhodanine dye (NK2761) as a potentiometric 
probe. This dye is an analogue of Dye XVII’ or Dye XXII”. 

Figure 1 shows simultaneous recordings of spontaneous opti- 
cal signals from an 8-somite embryonic heart. The circles over- 
laid on the view of the embryonic heart in this figure are drawn to 
scale, indicating the field of optical recording and the relative 
positions of the light guides. Traces 1, 2 and 4 were obtained 
from the ventricular region, and traces 3 and 5 from the unfused 
atrial levels. In the preparation shown in Fig. 1b, both size and 
shape of each spike in individual traces are approximately 
uniform, which suggests that the action potentials of active cells 
in the field of optical recording were well synchronized. 
However, as shown in traces at the higher sweep speed, there 
were obvious differences in time course of action potentials from 
the five different regions; the action potentials in the five 
different regions were synchronized and there was a small delay 
between spike 5 and that in the other regions. It is thus likely that 
the delay corresponds to spreading time of the action potentials. 
At the 7-8-somite developmental stages, the action potential 
was usually first detected in the left atrial primordium, but 
sometimes in the right primordium. 

Figure 2 shows experiments demonstrating the spatial dis- 
tribution of spontaneous action potential activity in the 9-11- 
somite embryonic hearts. In the preparation shown in Fig. 2a, 
the action potential first appeared in the left atrial portion (trace 
5), and action potentials in other portions (traces 1-4) followed 
those in the left atrial portion after a delay of 40-150 ms. 
Furthermore, the light guides were positioned close together ina 
series on the left portion of a 9-somite embryonic heart. In this 
experiment, the action potential probably occurs first in the left 
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atrial level and then spreads progressively in rostral and caudal 
directions. As shown in Fig. 2b, an action potential also 
appeared first in the left atrial region in the heart of the 
10-somite embryo. Thus, it is reasonable to assume that 
although both the right and left atria have intrinsic pacemaking 
abilities, the cardiac rhythm as a whole is governed by the left 
atrium as the embryo develops from the 7- to the 10-somite 
stage. 

From experiments on the pulsation rate, Patten’* suggested 
that the cardiac pacemaker at the developmental stage of initia- 
tion of heartbeat is the atrium. Using microsurgical techniques, 
DeHaan'* showed that the earliest pacemaker was on the left 
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Fig. 1 A, Chemical structure of a merocyanine-rhodanine dye (NK2761, 
produced by Nippon-Kankoh~Shikiso Kenkyusho Co.) used as a poten- 
tiometric probe in our experiments. The cation associated with the dye is 
sodium. Voltage clamp experiments in squid giant axons gave gooc evidence 
that the absorption signals of merocyanine-rhodanine dyes were linearly 
related to membrane potential change, and that the optical response 
followed the voltage change with a time constant of <20 ys (refs 9, 10 and 
L. B, Cohen, personal communication). B, Spontaneous absorption signals 
detected simultaneously from five regions in an 8-somite embryonic heart. 
After the splanchnopleure was carefully peeled off, the isolated embryos 
were incubated for 15 min in bathing solution containing 0.05 mg ml“! of the 
dye. After incubation, the dye solution was washed out. The dye was bound 
- to the epi-myocardium cells, The solution used to bathe the embryos was 138 
mM NaCl, 5.4 mM KCl, 1.8 mM CaCl, 0.5 mM MgCl, and 10 mM 
Tris-HCI buffer (pH 7.2), and was equilibrated with air and allowed to warm 
to ~37 °C. This solution was used in most experiments, except those shown 
in Figs, 2B and C. To measure the absorption of light by the area of interest 
in the dyed embryonic heart, a x50 enlarged image of the heart wes formed 
with a x20, 0.46 n.a. (numerical aperture) objective and a X2.5 photo- 
graphic eyepiece, using an Olympus-Vanox microscope (AHB-LB-1, 
Olympus Optical Co.). Five light guides were used to carry the light from the 
image of the embryonic heart to each photodiode (Bell and Howell, 509-10). 
The tips of these guides (4.0 mm in diameter) were positioned over the image 
of the embryonic heart stained with the dye. The measuring beam was 
produced by a JC 24V/300W halogen-tungsten-filament lamp (Kondo 
Sylvania) powered by a current regulated power supply (PAD 35-20L, 
Kikusui Electronics); the incident light was passed through an interference 
filter with a centre wavelength of 700 nm and a width at half-height of 11 nm 
(1F-S, Vacuum Optical Japan). The signals in B were eliminated by illu- 
mination with white light, or at 620 nm where the action spectrum of the 
absorption signal of the merocyanine-rhodanine dyes is zero”, Thus, the 
optical signals shown resemble the spontaneous action potentiais in the 
embryonic heart. The empirical criteria required to distinguish between 
optical signals from an action potential and those corresponding to move- 
ment artefacts have been described previously*®. In experiments where a 
relatively low light intensity and brief duration were used, photodynamic 
damage and dye bleaching were not serious. The fractional absorption 
change (AA/A,) is related to the fractional change in transmitted intensity 
ÁT); evidence presented below indicates that a decrease in intensity was due 
to an increase in absorption. AA/A, is equal to ~-AT/(T vetore: 
~T, atver staining) (AT/T,, sneer ™ AI/I,). Here, the transmittance calibration bar 
is indicated, The traces were detected in a single sweep at 37.6 °C, and the 
oscilloscope: (Tektronix 5113 Dual Beam Storage Oscilloscope) was set to 
give a coupling time constant of 1.5 s, The outputs were finally filtered by a 
simple RC low-pass filter (time constant ~10 ms). Positions 1, 2 and 4 are 
from the ventricular region, and positions 3 and 5 on the atrial unfused 
primordia. The field of optical recording encircled in the figure is estimated 
as 0.005 mm?. Traces 6 were obtained at the higher sweep speed. The 
_ embryonic heart is shown in ventral view. 


side, and that it shifted to the sinoatrial region only later. 
Moreover, Van Mierop? was able to record the earliest action 
potentials in the left atrial region of the 1 1-somite beating heart, 
and in the left atrial primordium in the 8-somite embryo, before 
contractile activity had begun. Indeed, his transmembrane- 
potential records are remarkably similar to our optical record- 
ings (Fig. 1b). As development proceeded to the 11-somite stage 
(Fig. 2c), the portion in which the action potential first occurred 
shifted caudally along the atrium to the sinus primordium. 

In embryonic chick hearts past the 13-somite stage, pace- 
maker potentials were detected electrophysiologically using 
microelectrodes'*'*. We have optically demonstrated differen- 
tiation and development of the pacemaker potential during the 
8-9-somite stages’’. At the 8-somite stage, absorption signals 
resembling the pacemaker potential are widely distributed in the 
embryonic hearts but by the beginning of the 9-somite stage 
these signals are localized at the atrial level”. 

In the present experiment, the cardiac-type signals were 
obtained from the ventricular region and the pacemaker-type 
ones from the atrial region. The localization of the latter is 
consistent with the results obtained from experiments on the 
time course of action potentials, and shows clearly that the 
pacemaking area is situated in the atrium region at the 9-somite 
stage. 
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Fig. 2 Simultaneous absorption measurements in five different portions in 
9-(a), 10-(b) and 11-(c) somite embryonic chick hearts. Light-guides 1, 2 
and 3 were positioned over the image of the ventricular region, and 4 and 5 
over the image of the atrial unfused regions in the experiment shown in A. 
This preparation was obtained just before initiation of the heartbeat*. In B 
and C, traces 1 and 2 were obtained from the ventricular region, 3 and 4 from 
the atrium, and the position of trace 5 corresponds to sinus primordia. At 
these stages, the hearts are bent to the right and are pulsating. To reduce 
movement artifact due to pulsation, we used a hypertonic solution made by 
increasing NaC] concentration up to 276 mM. In this solution, contraction 
was reduced. However, such hearts are electrically excitable®, as is the case in 
striate muscle'®, Thus, it is not surprising that no signal was observed by 
illumination with white light or at 620 nm. It seems likely that differences in 
the signal size among the different positions are due to tissue thickness and 
density of the active membranet, Experiments were carried out at 37.3 (A), 
38.3 (B) and 36.7 (C) °C. 
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Fig. 3 Maps summarizing the location of the pacemaking area in the 

embryonic chick hearts throughout early phases of development, from 

the 7- to the 1i-somite stage. Depth of dotting represents the degree of 

priority of pacemaking. The arrows indicate the direction of translocation of 
pacemaking area. 


On the basis of these results, we constructed a rough 
developmental map of regional localization of pacemaking areas 
during the early phases of cardiogenesis (Fig. 3). The possibility 
exists that pacemaker cells are situated originally in the cardiac 
primordia just before and after they fuse in the midline. It seems 
that as the primitive tubular heart is formed, the pacemaking 
area which possesses the highest intrinsic rhythmicity, is local- 
ized mainly in the left atrial primordium and subsequently in the 
sinus primordium. With further development of the heart, the 
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pacemaking cells of the sinus primordium probably become 
organized into nodes and bundles while maintaining their ori- 
ginal relationship with the surrounding musculature. 
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Evidence for the transfer of molecules as large as proteins from 
glial or Schwann cells to axons has frequently been reported”. 
This phenomenon is well supported in crayfish*** and squid” 
but there is some doubt about its existence in vertebrates’. In 
invertebrates most of the data support the transfer from glial 
cells to axons, but little is known about movement of molecules 
in the opposite direction. However, Grossfeld er al.™® recently 
reported data on the passage of a fluorescent dye (Lucifer yellow 
CH, molecular weight (MW) 476) from a crayfish median giant 
axon to all glial cells of the adaxonal layer. Little is known of the 
mechanism by which molecules are exchanged between axons 
and glial cells, but the bidirectionality of the phenomenon in 
crayfish axons suggests that channels or pores for direct inter- 
cellular communication may exist. In most cells, direct com- 
munication is provided by gap junctions’’ but these structures 
have never been seen between axons and glial cells of cray- 
fish'?-'*, Indeed, regions of plasma membrane specialization 
have been reported’*, but they are structurally different from 
gap junctions. I describe here pore structures, observed between 
51 axons and glial cells of six crayfish spinal cords, which may 
represent the means of communication between these cells. 

In crayfish, Procambarus clarkii, anaesthetized by cooling, the 
sternal artery was cannulated using polyethylene tubing and 
perfused with 50-100 USP units of heparin diluted in 10 ml of 
Van Harreveld’s salt solution'’, followed by 40-60 ml of 3-6% 
glutaraldehyde solution buffered to pH 7.4 with 0.1 M (Na, K) 
phosphate at room temperature’*. The chain of abdominal 
ganglia was removed from the animal, washed briefly in 0.2 M 
phosphate and post-fixed for 2h in 2% osmium tetroxide 
buffered with phosphate to pH 7.4 at room temperature. 
Dehydration was in graded alcohol and embedding in Epon. 

Electron microscope examination of thin sections through 
axons of the abdominal ganglia often show regions where axonal 
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Fig. 1 Thin section through nerve fibre of a crayfish abdominal 

ganglion. Axonal and glial cell plasma membranes fuse with each 

other to form a well defined pore (P). In the region of the pore, 

tubules of endoplasmic reticulum are aggregated. Inset a is an 

enlargement of the pore shown in the low power micrograph. 

Insets $ and c show similar pores in other axons. A, axon; G, glial 
cell; C, connective tissue. x 18,000; insets 77,000. 
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and glial cell plasma membranes fuse with each other to create 
well defined pores between axoplasm and glial cell cytoplasm 
(Fig. 1). Several such pores are usually grouped in the same 
region. In these regions there are always aggregates of endo- 
plasmic reticulum tubules and other membrane structures (Fig. 
1). The pores generally have 15-20nm diameters but larger 
pores are also seen (Fig. 1, insets). 

Pores of this size are expected to allow wide communication 
between axoplasm and glial cell cytoplasm. It seems unlikely 
that such structures are artefacts of the preparative procedure, 
as the membranes and other cellular structures of these perfused 
samples were always extremely well preserved. Furthermore, if 
the pores were artefacts, one would expect to see them any- 
where and not just at regions of endoplasmic reticulum accumu- 
lation. Indeed the existence of pores between axons and 
Schwann cells of invertebrates seems reasonable from a 
theoretical viewpoint, because only passageways of this size 
could allow exchange of molecules such as RNA‘ and proteins as 
heavy as 200,000 MW (refs 5, 6). 

This work was supported by NIH grants GM 20113 and NB 
07107. 
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Following some preliminary reports'*, mammalian fibres from 
rabbit’ and rat** have recently been successfully studied in 
detail by means of the voltage clamp. The early tramsient or 
sodium conductance system was found to be similar to that in 
frog and squid axons. However, the delayed conductance or 
potassium currents were found to be negligible**. Only after 
chemical and osmotic manipulations, which were said to expose 
channels buried under the myelin, did Chiu and Ritchie’ find 
delayed currents in rabbit fibres. If confirmed, this would mean 
that the membrane conductance system of mammalian fibres is 
so different from that of invertebrate and amphibian axon 
models as to make the data base gathered from amphibian 
myelinated fibres (frog and toad) and invertebrate giant axons 
(squid and myxicola) irrelevant to human and other mammalian 
fibres. However, we show here that it is possible to find in the 
normal nodal membrane of rat myelinated fibres potassium 
currents that flow through channels which are similar in many 
respects to those found in the frog node or squid axons. 

Single myelinated motor fibres isolated from the sciatic nerve 
of rats were voltage clamped following the procedure of, and 
using the basic apparatus described by Nonner®. The voltage 
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clamp command potentials as well as the membrane current 
sampling rates were under digital computer (NOVA 800) 
control’. Holding potential (V,,) was adjusted to give a 70% 
sodium conductance inactivation. Membrane potential (Vuh 
which was defined at the end of each experiment by destroying 
the nodal membrane, averaged -78+5 (s.d.)mV in 13 pre- 
parations. All currents were corrected for leakage (J) by 
computing the leak conductance from the inward currents eli- 
cited by membrane hyperpolarization. It was assumed that the 
leakage current-voltage relationship is linear and that J, = 0 at 
the resting potential. The node was externally perfused with 
mammalian Ringer’s solution. Potassium currents were 
measured in the presence of 300 nM tetrodotoxin (TTX). The 
composition of the internal solution was controlled by diffusion 
through the fibre’s ends which were cut 400-700 um away from 
the node'®. Currents were converted to densities (mA cm’) 
assuming the nodal area to be 50 um” (ref. 9). 

Current tracings obtained in TTX Ringer at normal holding 
potentials, V,,, are shown in the insert of Fig. la. The tracings 
show a large instantaneous outward current jump (Fina) followed 
by a delayed current component. Ins was measured by 
extrapolating (on semilogarithmic scale) the initial position of 
the current’ tracing, beyond the capacity transient, to zero time. 

The instantaneous current shows a linear Faa V relation- 
ship, while the steady-state current, J,.-V curve shows some 
rectification and is very similar to that of the frog node (Fig. 2). 
Note that following the relatively rapid increase of the current in 
the first 3 ms there is a steady slow increase in current. This 
additional slow activation can be best demonstrated by the 
change of slope of the log (L ~J,) versus t curve as seen in the 
inset of Fig. 3b. In the example given, the initial time constant, 
Ta 18 0.53 ms (this value is obtained after ‘peeling off’ the second 
time constant) and the slower time constant, r., is 1.36 ms. The 
corresponding single 7 at V,, = —71 mV is 0.56 ms, that is, 7, is 
not altered by depolarizing Vu. Shifting V,, in the hyperpolariz- 
ing direction (Vy =—100 mV) has very little effect on the 
instantaneous current and produces a 15% increase in the 
delayed currents (open symbols in Fig. la). However, a relat- 
ively small (9 mV) shift of V,, in the depolarizing direction has a 
marked effect on the current tracings (Fig. 1b): they become 
square and are thus similar to those described by Chiu et al.° and 
Brismar*. The squaring of the current traces, which was 
completely reversible, results mainly from an increase of the Fins 
values to approach those of the steady state (Z). J, remains 
unchanged for depolarizations up to + 10 mV, beyond which the 
currents generated at V,,= ~-71 mV are reduced by 10-15%. 
Note, however, that most of this reduction is due to the dis- 
appearance of the slow activation (see Fig. 1b). This disap- 
pearance or inactivation of the slow process obviously also 
contributes to the ‘squaring off’ of the currents. 

Figure 2 compares the steady-state J,.~V relationship in the 
frog and rat. The shape of the curves obtained by means of the 
same voltage-clamp setup and procedure is clearly very similar, 
although the frog curve shows more rectification. 

Moreover, in both cases the zero-current voltage cross-over 
point is shifted from around rest in normal Ringer's towards zero 
in high external [K*], indicating that the current is carried 
mainly by K“ ions. Note the difference between the effect of high 
[K] on the two preparations: it increases the potassium 
conductance, gx, by about 50% in the frog and reduces gy by 
30% in the rat. The assumption that K* ions are the main charge 
carriers in the delayed channels is strengthened by the fact that 
the axoplasm in our fibres was in equilibrium with isotonic KCI 
solution. Therefore, the only membrane permeable ions in the 
axoplasm must be K* and Cl (ref. 10). As the chloride concen- 
tration remained unchanged, the large shift of the reversal 
potential indicates that the chloride permeability is relatively 
low. This low chloride permeability which is also typical of the 
frog node'', indicates that the outward currents we are dealing 
with must be mainly carried by K* ions. 

As reported by Chiu and Brismar’, we also find that external 
tetraethylammonium (TEA) only partly attenuates J,, even at 
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Fig.1 Steady-state and instantaneous current-voltage relationships at various holding potentials (Vu). All currents corrected for leakage. Test 

solution: Ringer TTX. Temperature 20°C. a, A, Steady-state currents at Vu =—80 mV. W, Instantaneous currents at Vy = 80 mV. ©, 

Steady-state currents at Vy = —~100 mV. ©, Instantaneous currents at Vy = —100 mV. Inset illustrates the recorded membrane currents as a 

function of time for different depolarizing pulses. The potential increment between the pulses was 5 mV from 15 to 60 mV and 10 mV from 60 to 

120 mV. Calibration: horizontal bar = 0.8 ms. b, A, Steady-state currents at Vy = -71 mV. D, Instantaneous currents at Vy = —71 mV. The 

interrupted line gives the instantaneous currents generated by the same fibre at Vy = ~80 mV. Inset illustrates the recorded membrane currents 
as a function of time for different depolarizing pulses. The pulse amplitudes are the same at those of a, as is the time scale. 


relatively high concentrations (10 mM TEA attenuates I, by 
only 30%). Ting, was practically unaffected by TEA. 

Figure 3a illustrates the voltage dependency of the normal- 
ized delayed channel steady-state conductance parameter, na» 
which was computed using the following relationship: 


No = T./8x(Vu~ Vx) (1) 


where gx is the maximal membrane potassium conductance, Vx 
is the delayed channel reversal potential and x is the power of n 
in the Hodgkin-Huxley axon model. It is seen that near the 
resting potential (Vm = —60 mV) the potassium conductance, as 
determined by n%,, is far from zero for both x = 4 (circles) and 
x = 1 (triangles). This is in contrast to the frog node or squid, 
where for the experimentally determined x = 4, the potassium 
conductance is negligible (interrupted line). The relatively high 
potassium conductance at the resting potential is obviously 
consistent with the relatively large initial current jump ‘squaring 
off’ obtained here and by others* on membrane depolarization. 
It is also consistent with the initial current decay observed on 
membrane hyperpolarization by Chiu et al.°, and confirmed in 
the present work. The rate of this decay conforms with the 
projected values of 7, at these potentials. 

On the basis of the above, we suspect that the conclusion of 
Chiu et al. that (in the rabbit) this decaying current is capacitive 
(I-) may be wrong. Moreover, because Ic = CyldVm /dt] 
(ref. 12), as Cu #0 one must conclude that in their experiment 
dV,,/dt # 0, that is, the membrane was not fully voltage clam- 
ped throughout the first 0.5-1 ms. 

We cannot attribute the almost completely square currents 
recorded by Chiu‘ in the rabbit, and Brismar‘ in the rat, to the 
shifted n.. curve alone. However, this shift together with a 
somewhat depolarized membrane, as suggested by Chiu et al. 
themselves, may explain the results. Within the above frame- 
work, we may interpret the appearance of potassium currents 
following the rather drastic chemical and osmotic treatments in 
the rabbit’ as being due to a shift in the relative holding potential 
- and perhaps also to a modification of the slow potassium activa- 
tion process. 

To rule out the possibility that in our experiments the myelin 
was lifted from the axolemma at the internode, we measured the 
nodal electrical capacity using the triangular wave voltage- 
clamp method”’, The nodal capacitance was found to be about 
2.7 pF, compatible with that of the frog node’*. The capacity did 
not change by more than 10% during the Vy changes which 





induced the potassium conductance changes. These small Cy 
changes in the rat are definitely imcompatible with the apparent 
10-fold C,, change reported in the rabbit by Chiu et al.’ on the 
basis of the transient inward current obtained during membrane 
hyperpolarization. 


I, (mA cm” *) 





Vu (mV) 


Fig. 2 Potassium current-voltage relationships measured from 
frog and rat nodes by means of the same voltage clamp. All currents 
corrected for leakage. Temperature 20 °C. $, Potassium currents 
from rat node. Each symbol represents an average current value 
from six fibres +s.d. To eliminate scatter of data due to ‘g’ effect 
(through, for example, variance in the number of channels) all 
currents of each fibre, were first normalized by multiplying each 
current value by the ratio of the current value at V = 120 mV to the 
average current value for all fibres at this potential. C), Potassium 
currents from the frog node (Rana ridibunda). Each symbol 
represents an average current value from four fibres +s.d. Current 
normalization was carried out as above. A, Potassium currents 
measured from a rat node when the external Ringer solution was 
replaced by an isotonic KCI solution. A, Potassium currents from a 
frog (Rana esculenta) when the external potassium concentration 
was raised from 2.5 to 80 mM. 
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Fig. 3 Potassium conduct- 
ance parameters in the 
rat node. Temperature 
20°C. a, The norma- 
ized steady-state potas- 
sium conductance (frac- 
tion of oper channels). @, 
n> values calculated from 
equation (1) for x =4. A, 
n% values calculated from 
equation (1) for x=1. 
Interrupted line: normal- 
ized conductance or frac- 
tion of open channels in 
frogs (x = 4), after Hille '*. 
Note that close to the rest- 
ing potential, at V= 
-60 mV, the relative 
conductance of the rat is 
at least five times larger 
than that of the frog. b, 
The potassium conduct- 
ance time constants, Tn, 
versus membrane poten- 
tial. The symbols repre- 
sent four rat fibres. Solid 
line, the average Tp. 
Interrupted line, 7, values 
in frog taken after Hille“ 
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Inset: the log [/..~ [,] versus time (t) relationships for potassium currents at Vy = —80 mV (filled symbols) and Vy = 
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Note the double exponential at Vy = ~80 mV, the disappearance of the second exponential when Vy = ~71 mV and the similarity between the 
first exponential at -80 mV and the single exponential at -71 mV. Note also in Fig. 16 that beyond 2 ms the current traces for V= -71 mV 
become completely flat so that we could not continue the corresponding trace beyond this time. 


Beyond the initial delay, the potassium currents show double 
exponential kinetics when plotted on a semilogarithmic scale 
(Fig. 3b inset). From the slopes of the initial exponential rela- 
tionships we computed the potassium conductance time 
constant, 7,. Figure 3b shows the voltage dependence of 7, from 
four fibres. The shape of the curve and the absolute 7,, values are 
similar to those previously measured in frog'* (broken line) and 
in rabbit ‘internode’”®. 

Thus, when compared with amphibian fibres, the delayed 
channels in the rat are characterized by the following features: 
(1) The n,-V, curve is shifted towards more negative poten- 
tials, that is, at negative membrane potentials the n. values are 
much higher than the corresponding values in the frog and squid. 
This fact is responsible for the much larger conductances near 
the resting potential and as a consequence a large initial outward 
current step on depolarization. Many of the special properties of 
the potassium system in the rat, such as the current decay on 
membrane hyperpolarization, are probably due to this fact. 
(2) The values and voltage dependence of the initial time 
constant of the change in potassium conductance, 7,, are very 
similar to the corresponding parameters in frog. This parameter 
is not affected by depolarizing Vu. (3) The initial increase in I,, 
obtained on membrane depolarization, is followed by a smaller 
and slower increase or activation. The time constant of this 
slower activation process is about three times larger than the 
initial ‘r,’ value. (4) Prolonged small membrane depolarizations 
(5-10 mV) attenuate steady-state I, by 10-15% mainly by 
reducing the amplitude of the slow activation to virtually zero. 
The time constant of the development of this inhibition is 
>20 ms. Prolonged membrane hyperpolarizations increase 
steady-state I, by 10-20%. 

On the basis of the above findings, we believe that the 
excitability properties (threshold, action potential, refractori- 
ness) of mammalian fibres in normal conditions can be analysed 
and reconstructed on the basis of models, similar in principle but 
modified in some details, with regard to the potassium system, to 
those developed for the frog and squid. 

This study was performed in partial fulfillment of the 
requirements of the D.Sc. degree for O.B. 
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Prolactin inhibits 
oestrogen synthesis in the ovary 
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In 20% of cases of secondary amenorrhoea, hyperprolac- 
tinaemia prevents ovulation by impairing normal follicular 
development, but little is known of the biochemical basis for this 
effect’. Bromocriptine can restore follicular growth and ovula- 
tion’ by inhibiting the release of prolactin from the pituitary. 
The suckling stimulus causes an increase in prolactin levels’, and 
ovarian follicles fail to develop fully, thus inducing an anovula- 
tory state throughout lactation in many mammals. We report 
here experiments with cultured granulosa cells which suggest 
that this contraceptive action of prolactin is due to its ability to 
interfere with the action of follicle-stimulating hormone (FSH) 
on the synthesis of oestrogen. 
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Fig. 1 Effect of FSH and prolactin on the aromatase activity of 
ovarian granulosa cells, assessed by the release of ? H,0 from 
[18-°H]testosterone. Granulosa cells were obtained from 25-day- 
old rats which had been treated daily for 3 days with 1 mg diethyl- 
stilboestrol in sesame oil. The cells were plated in Falcon 24-well 
tissue culture plates so that each well contained 100 pg protein and 
0.5ml modified Eagle’s minimum essential medium, and were 
_ maintained at 37°C in a water-saturated atmosphere of 95% air 
and 5% CO}. Cells were treated with 300 ng NIH-FSH-S13 mi~! 
and/or 1 ug NIH-P-S-7 ovine prolactin ml“! 2 h after plating; the 
medium was changed after 24 and 48 h and appropriate treatments 
repeated. At 24, 48 and 72h, 0.1 pCi [1B-*H]testosterone, 
containing unlabelled testosterone to give a final concentration of 
0.25 pM, was added to four replicate cultures from each treatment 
group (C, controls; PRL, prolactin-treated: FSH, FSH-treated; 
FSH + PRL, FSH and prolactin-treated). The cells were incubated 
for 2 h at 37°C and the reaction stopped by placing the plates on 
ice. The medium was transferred to tubes and Norit A-activated 
charcoal (25mg in 100 pl H,O) was added. Incubations with 
charcoal for 2h at 0°C completely adsorbed steroids without 
influencing the recovery of tritiated water. Steroids adsorbed to 
charcoal were removed by centrifuging at 4,000 r.p.m. and 4 °C for 
30 min. An aliquot (0.5 ml) of the supernatant was counted in 5 ml 
Aquasol. 


The aromatization of the androgens, androstenedione and 
testosterone, to oestrogens in the ovarian granulosa cells, under 
the influence of FSH, involves a series of closely integrated 
reactions catalysed by an enzyme complex referred to as 
‘aromatase™. To assess the aromatase activity of granulosa cells 
after various hormone treatments, the stereospecific release of 
"H,O from [18-*H]testosterone was measured—this assay has 
been validated as a specific measure of aromatization in granu- 
losa cells“. Treatment of the cells with FSH shortly after plating 
in culture resulted in elevated aromatase activity after 24 h of 
treatment and a further increase after 48 and 72 h of treatment 
(Fig. 1). This effect of FSH confirmed earlier indications that it 
was involved in activating the aromatase system in immature 
granulosa cells, an important step leading to the formation of the 
preovulatory follicle®. 

To investigate whether prolactin can influence this effect of 

FSH, prolactin was added alone, or together with FSH, to 
cultured cells. The amount of *H,O released by the cell 
monolayers during a 2-h incubation with [18-*H]testosterone 
was measured after 24, 48 and 72 h of treatment. Prolactin did 
not affect FSH-induced aromatase activity for the first 24h of 
treatment, but between 24 and 48h it inhibited the effect of 
FSH; this suppressed level of activity was also observed after 
72h (Fig. 1). In other experiments, concentrations of prolactin 
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Fig. 2 Effects of FSH and prolactin on the aromatase activity of 
sonicates of ovarian granulosa cells using an optimal cell-free 
assay. Granulosa cells were prepared from diethylstilboestrol- 
primed immature rats and were cultured in 35x 15 mm culture 
dishes in 1 ml Eagle’s minimum essential medium for 48 (a) or 72 
(b) h in the presence or absence of 300 ng NIH-FSH-S13 ml 
and/or lpg NIH-P-S-7 ovine prolactin ml’. Medium was 
changed and treatments repeated after each 24-h culture period. 
At 48 and 72 h, cultures from each treatment group were washed, 
cells were scraped from the plates and transferred to tubes in 
20mM_ phosphate buffer, pH 7.4. The cell suspensions were 
sonicated on ice and 0.2-ml aliquots of the sonicates dispensed into 
assay tubes containing the following reagents: 0.1 ml of 20 mM 
phosphate buffer; 0.1 ml of buffer containing MgCl, and dithio- 
threitol to give a final concentration of 20 mM and 5 mM respec- 
tively, 50 pl] NADPH generator (final concentration of NADP, 
0.5 mM; glucose-6-phosphate, 20 mM; and glucose-6-phosphate 
dehydrogenase, 2Uml”', and 0.05 ml testosterone solution 
containing 0.4 aCi [18-*H]testosterone and unlabelled testos- 
terone to give a final concentration of 0.25 pM. Incubations with 
gentle shaking were for | h at 37°C in an atmosphere of 95% O, 
and 5% CO. The reaction was stopped by cooling tubes in ice- 
water and adding Norit A-activated charcoal (25mg in 
0.1 ml H20) to adsorb the steroids, Aliquots of the supernatant 
were counted in 5 ml Aquasol. Data are the means + s.e.m. {n = 3). 


from 10 to 100ngml”' also inhibited the FSH-induced 
response. These concentrations are within the physiological 
range found in human follicular fluid’. No effects of prolactin > 
alone were detectable during 72 h of culture, but this was not |. 


surprising as undifferentiated granulosa cells from immature © 


animals do not contain specific prolactin binding sites*, Wang et 
al.” showed that FSH stimulated the appearance of specific 
prolactin receptor sites on granulosa cells in vitro which may 
explain the 24-h lag before the effects of prolactin on FSH- 
induced aromatase activity were apparent. 

To eliminate the possibility that prolactin influences aroma- 
tase activity by restricting the permeability of substrate or the 
availability of co-factors to the enzyme system, cells in culture 
were treated with hormones for various periods, after which cell 
sonicates were prepared and aromatase activity measured in the 
cell-free system in optimal conditions. As before®, pretreatment 
of granulosa cells in culture with FSH increased aromatase 
activity in the cell-free preparations (Fig. 2). Prolactin 
effectively reduced the amount of active aromatase induced by 
FSH during the first 48 h of culture and this effect increased after 
72 h of treatment. Incubation of cell sonicates in optimal condi- 
tions showed that FSH and prolactin influenced aromatase 
activity in cultured granulosa cells by mechanisms which were 
independent of effects on the availability of substrate and 
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co-factor. FSH acts on granulosa cells to increase the amount of 
active aromatase, and prolactin seems to interfere with the 
ability of FSH to bring about this effect. 

In addition to inhibiting FSH-induced oestrogen biosynthesis 
in rat granulosa cells, prolactin (50-1,000 ng mi~') affects 
steroidogenesis by stimulating progesterone synthesis’; the 
mechanism of two such different responses is intriguing. 
However, in human granulosa cells, high levels of prolactin seem 
to inhibit progesterone production’, and divergent effects have 
been demonstrated in porcine granulosa cells depending on the 
degree of differentiation’. 

When prolactin levels are high due to physiological (for 
example, lactation) or pathological (for example, hyperprolac- 
tinaemia) conditions, the inhibition of oestrogen biosynthesis 
and the concomitant changes in progesterone biosynthesis may 
establish a microenvironment in which the follicles can no longer 
develop normally and ovulation is suppressed’. 

We thank Heather McKeracher for technical assistance. This 
research was supported by the MRC of Canada. 
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It has been proposed that milk protein gene expression in human 
breast carcinomas may indicate a functional oestrogen receptor 
mechanism, and may therefore be diagnostic of tumours 
responsive to endocrine therapy’. Unfortunately this has not 
been proved, largely because of inconsistencies in the 
immunoassay procedures used to identify milk proteins, in 
particular a-lactalbumin, in tissue extracts or serum*~"*. Alter- 
native procedures include the identification of milk protein 
mRNA by cell-free protein synthesis’’, and the identification of 
milk protein RNA transcripts by hybridization to a sequence- 
specific probe. Here we describe experiments using a -lactal- 
bumin cDNA probes, purified using recombinant plasmids", 
which demonstrate that although polyadenylated and non- 
polyadenylated a -lactalbumin transcripts are present in normal 
human mammary tissue during pregnancy and lactation, a- 
lactalbumin transcripts are not detectable in the human tumour 
tissues studied. These experiments do however show that a 
peptide, which shares antigenic determinants with human æ- 
lactalbumin is present in some breast tumour tissues. 


* To whom correspondence should be addressed. 
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Human and guinea pig a-lactalbumin cDNA hybridization 
probes were used in RNA excess hybridization studies to 
compare the relative amounts of human a-lactalbumin RNA 
transcripts in different RNA preparations. Guinea pig a-lactal- 
bumin cDNA, which fortuitously has extensive sequence 
homology with the human a-lactalbumin cDN A", was also used 
as only limited amounts of human milk protein mRNA were 
available for production of cDNA probes. As can be seen in Fig. 
1, >60% of guinea pig a-lactalbumin cDNA was protected from 
S, nuclease digestion when hybridized with poly(A)-containing 
RNA from lactating human mammary tissue 15 days post 
partum”. Furthermore, the kinetics of hybridization were 
identical to those of the homologous hybridization using human 
a-lactalbumin cDNA. Analysis of poly(A)-containing RNA 


“ Hybridization 





Fig. 1 Abundance of human a-lactalbumin transcripts in poly- 
adenylated and non-polyadenylated RNA fractions isolated from 
normal mammary tissues of lactating and pregnant patients. 
Poly(A)-containing RNA was isolated from frozen human mam- 
mary tissue’? and hybridized either to human or guinea pig æ- 
lactalbumin-specific cDNA as described elsewhere 4. Non-poly- 
adenylated RNA was defined as that which did not bind to oligo 
(dT)-cellulose at a salt concentration of 100 mM (ref. 15). The 
volume of individual hybridization assays (up to 100 yl) and the 
RNA concentration (up to 5mgml”') were increased where 
appropriate to ensure an adequate RNA excess. Human a-lactal- 
bumin cDNA versus poly(A)-containing RNA from 15-day post 
partum lactating human mammary tissue (x); guinea pig a-lactal- 
bumin cDNA versus poly(A)-containing RNA from 15-d (@), 4-d 
(A) and 330-d (V) post partum mammary tissues, and normal 
breast tissue from a patient 32 weeks into pregnancy (Mi); guinea 
pig a-lactalbumin cDNA versus non-polyadenylated RNA from 
15-d (©), 4-d (A) and 330-d (V) post partum and 32-week 
pregnant (©) mammary tissue. The dashed line represents the 
homologous hybridization kinetics of highly purified rabbit globin 
mRNA standard’*. 


populations isolated from normal lactating mammary tissue 4 
and 330 days post partum, and normal mammary tissue 32 
weeks into pregnancy, using the guinea pig cDNA probe, 
demonstrated the presence of a-lactalbumin mRNA in each 
preparation but at different concentrations (Fig. 1). Compared 
with the 15-day post partum population, a-lactalbumin tran- 
scripts were present at 1.5-fold, 4-fold and 30-fold lower 
concentrations in the 4-day post partum, 330-day post partum 
and pregnant tissues, respectively. Analysis of the non-poly- 
adenylated RNA from each tissue (RNA that did not bind to 
oligo (dT)-cellulose and contained polyadenylic acid tracts <35 
nucleotides long'*) showed that a-lactalbumin transcripts were 
present in all the preparations examined, again at different 
relative concentrations (Fig. 1). The overall analysis of normal 
human mammary tissue demonstrates that in common with the 


rat'®!7, mouse!” and guinea pig’, a-lactalbumin gene 
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expression occurs in the mammary gland before parturition as 
well as throughout lactation. In common with many mRNA 
species including other milk protein mRNAs, human a-lactal- 
bumin mRNA is distributed between the polyadenylated and 
non-polyadenylated RNA populations’”. 

Similar examination of polyadenylated and non-poly- 
adenylated RNA populations isolated from human mammary 
tumours produced unexpected results. Poly(A)-containing 
RNA was isolated from 12 breast tumours (including adeno- 
carcinomas, infiltrating duct carcinomas and a benign tumour): 
six were examined using a human cDNA probe, one of which, 
designated T2, an invasive duct carcinoma, had previously been 
shown to synthesize a-lactalbumin as determined by a 
combination of mRNA-directed cell-free protein synthesis, 
antibody precipitation and SDS-polyacrylamide gel electro- 
phoresis'*. However, hybridization studies (Fig. 2a) showed 
that none contained a-lactalbumin transcripts as there was only 
limited hybridization when compared with controls (chick ovi- 
duct and human placental poly(A)-containing RNA). The 
remaining six, which were analysed using the guinea pig cDNA 
probe, also contained no a-lactalbumin transcripts (Fig. 2b), 
even though three of these tumours had been independently 
shown by radioimmunoassay to contain significant amounts of 
a-lactalbumin (1,029, 716 and 1,554 pg per mg protein). Two of 
those containing a-lactalbumin as determined by radioim- 
munoassay also had elevated levels of oestrogen and proges- 
terone receptors. Analysis of the non-polyadenylated RNA 
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Fig. 2 Hybridization of poly(A)-containing RNA from human 
breast tumours to a-lactalbumin cDNA. Poly( A)-containing RNA 
was isolated from 12 frozen breast tumours: six of these were 
challenged with (a), human a-lactalbumin cDNA and six with 
«guinea pig a-lactalbumin cDNA (b). In each case the range of 
values obtained is indicated by error bars. Dotted lines represent 
the hybridization of poly(A)-containing RNA from 15-d post- 
partum lactating breast tissue to human (a) and guinea pig (b) 
a-lactalbumin cDNAs. Negative and positive controls were: (OQ), 
human a-lactalbumin cDNA versus human poly(A)-containing 
placental RNA; A, guinea pig a-lactalbumin cDNA versus a 
mixture of poly(A)-containing RNA from tumour and lactating 
tissue (99: 1), respectively. 
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Fig. 3 Hybridization of poly(A)-containing and total cellular 
RNA from established tumour cell lines of human mammary 
origin, to a-lactalbumin cDNA. Twenty 9-cm-diameter dishes of 
semiconfluent cells were washed briefly with phosphate-buffered 
saline then lysed in situ with 10 mM Tris-HCI, pH 7.6, containing 
1 mM EDTA, 2% (w/v) SDS, 0.5 mg mi”? proteinase K (1 ml per 
plate). The lysates were then processed as described for frozen 
tissue’*, a, Human a@-lactalbumin cDNA versus poly(A)-contain- 
ing RNA from MCF-7 cells (both early and late passages, with and 
without added oestrogen”), Hs578T cells and T-47D cells; error 
bars indicate range of values obtained. b, Guinea pig a-lactalbumin 
cDNA versus total cellular RNA from the above cell lines. Dotted 
lines represent the hybridization of poly{A)-containing RNA from 
15-d post partum lactating breast tissue to human (a) and guinea 
pig (b) a-lactalbumin cDNAs; A, guinea pig a-lactalbumin cDNA 
versus a mixture of MCF-7 total cellular RNA and polyadenylated 
RNA from 15-d post partum lactating tissue (10,000: 1). 


from eight of the twelve tumours studied, including all those 
supposedly synthesizing a-lactalbumin, also proved to be nega- 
tive (results not shown). As a positive control, poly(A)-contain- 
ing RNA from 15-day lactating human tissue'’ was mixed with a 
100-fold excess of poly(A)-containing RNA from tumour tissue, 
then hybridized to guinea pig a-lactalbumin cDNA. This re- 
sulted in maximum hybridization (Fig. 2b) with the expected 
shift of hybridization kinetics (two logarithmic decades). It is 
unlikely that the absence of a-lactalbumin transcripts in tumour 
RNA preparations reflects degradation during extraction, as we 
estimated the mean size of the poly(A)-containing RNA to be 
1,250 nucleotides in denaturing conditions, while cDNA pre- 
pared from the same RNA populations was of the same size, as 
determined by agarose gel electrophoresis in denaturing condi- 
tions. 

We also analysed human cell lines of mammary origin: 
Hs578T?', T-47D*? and MCF-7”? cell lines, all of which have 
been reported to synthesize either casein or a-lactalbumin”. 
We found no evidence for the presence of a-lactalbumin tran- 
scripts, whether human a-lactalbumin cDNA was hybridized to 
poly(A)-containing RNA preparations (Fig. 3a) or whether 
guinea pig a-lactalbumin cDNA was hybridized to total cellular 
RNA (Fig. 3b). In the case of the MCF-7 cell line, RNA was 
analysed from early(15)- and late(275)-passage cells, and from 
cells stimulated with oestrogen**, with negative results. As a 
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positive control, poly(A)-containing RNA from 15-day post 
partum lactating human mammary tissue was mixed with a 
19,000-fold excess of MCF-7 total cellular RNA. This produced 
the expected degree of hybridization and shift in kinetics (Fig. 
35), thus confirming the specificity of the assay. 

Overall it is apparent that a-lactalbumin gene expression does 
not occur to a measurable extent in any of the tumours or cell 
lines examined, using hybridization procedures which can detect 
as little as one polyadenylated, or <10 non-polyadenylated 
RNA transcripts per cell. The absence of a-lactalbumin RNA 
transcripts in the cell lines was not surprising, because although 
preliminary Rot analysis and Southern blotting of cell-line and 
human placental restricted DNA demonstrated that the genes 
were present, we had been unable to demonstrate the presence 
of a-lactalbumin mRNA by cell-free protein synthesis (L.H. and 
R.K.C., unpublished data). However, the absence of a-lactal- 
bumin transcripts from tumour tissue was unexpected, parti- 
cularly as we have previously reported that a peptide with the 
expected electrophoretic mobility of pre-a-lactalbumin’’ was 
synthesized in a cell-free protein synthesizing system directed by 
a tumour mRNA preparation, and that this peptide could be 
preferentially precipitated by a@-lactalbumin antisera. This 
particular observation has proved reproducible using the same 
tumour (T2) mRNA and our own or an alternative source of 
a-lactalbumin antiserum. Because no a-lactalbumin mRNA 
was present in this tumour mRNA preparation, we conclude 
that both a-lactalbumin antisera preparations were reacting 
with a peptide which not only shared antigenic determinants 
with a-lactalbumin, but was also of the same apparent molecular 
weight as pre-a-lactalbumin. 

Although we have not established the precise nature of the 
peptide(s) precipitated by antiserum to human a-lactalbumin, 
we consider that the close correlation between ‘a-lactalbumin’ 
ard oestrogen receptors, reported to indicate a functional 
oestrogen receptor mechanism’, may still prove useful once this 
peptide has been identified. Consequently we are screening our 
library of human mammary cDNA plasmids for those plasmids 
containing sequences that are abundant in tumour mRNA 
populations, several recombinants are being studied. Thus 
although the results are negative from a clinical point of view, we 
have demonstrated that sequence-specific cDNA hybridization 
probes generated using recombinant DNA techniques may soon 
be important as diagnostic tools in medicine. To conclude, using 
highly sensitive and specific hybridization techniques, we found 
no evidence to support the concept that a-lactalbumin will prove 
to be a general marker for human hormone-dependent breast 
cancer, | 

We thank the Cancer Research Campaign for supporting this 
work and Dr A. Howell and his colleagues for performing the 
a-lactalbumin radioimmunoassay, the hormone receptor 
analyses, and providing an alternative source of human a- 
lactalbumin antisera. Avian myeloblastosis virus reverse tran- 
scriptase was provided by Drs J. Beard and J. Gruber. Human 
mammary cell lines Hs578T and T-47D, and early- and late- 
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Recently, there has been considerable interest in the study of 
radiation-induced dicentrics and other chromosome aberrations 
in phytohaemagglutinin (PHA)-stimulated blood lymphocytes 
of various mammals, including man, with the aim of establishing 
a proper biological dosimetry for the assessment of genetic 
radiation hazards in human. These studies have revealed that 
the radiosensitivity of lymphocytes differs between species and 
even between individuals of the same species’, but the cause(s) 
of these variations still remains unclear. The life-shortening 
response to whole-body X-ray irradiation is influenced by both 
age and sex of the individuals®”, but although age has been 
shown to have effects on chromosome aberration yields*’*” in 
vitro, the influence of sex on the sensitivity of lymphocyte 
chromosomes to radiation-induced damage has not been repor- 
ted. It is generally thought that sex does not influence the 
aberration yield within the limitation of measurefhents used in 
such studies. However, we report here a study of X-ray induced 
chromosome aberration in lymphocytes of Indian muntjac, in 
which the yield of dicentrics was found to be consistently greater 
in male than in female lymphocytes. 

We prepared lymphocyte cultures from healthy, young adult 
muntjacs (Muntiacus muntjak ) selected from a small breeding 
colony which we maintained. The specimens were chosen so that 
we could do experiments on blood samples of three pairs of 
muntjacs of similar age and body weight. This barking deer has 
only six chromosomes in the female, with XX sex chromosomes, 
and seven in the male, with XY, Y, sex chromosomes'*''*, and 
both the complements are distinguishable from each other by 
distinct constitution and morphology of the sex chromosomes 
(Fig. | a-d). This unique sex-based karyotypic dimorphism was 
used in a ‘mixed blood culture’ (MBC) method where whole 
blood drawn from males and females was mixed in equal pro- 
portion and then irradiated with various doses of X rays 
(110kV, 4mA, Imm AI and 100 radmin °` at 37°C) and 
cultured. This method ensures greater accuracy as it eliminates 
the possibility of errors inherent in irradiating and growing 
cultures separately for male and female individuals. The 
frequent metaphases for both sexes in MBCs, and the relative 
frequencies of first-, second- and third-division cells obtained at 
different times of fixation from male and female blood cultures 
set up separately, or after mixing, indicated that the normal 
progression of cell division had no obvious ‘cross-reaction’ in the 
MBCs. The results will be published in detail elsewhere. 

A low concentration (0.1 ug ml”') of 5-bromodeoxyuridine 
(BUdR)'* was added at the start of culture and the chromosome 
preparations were stained using the Hoechst-sunlight-Giemsa 
technique'*'’ to score aberrations only from the first-cycle 
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Table 1 Frequencies of dicentrics and other aberrations in first-division metaphases of male and female muntajac lymphocytes in MBCs after - l 
X-ray irradiation 





Dose Fixation Cells Normal Dicentrics Rings + Deletions 
Muntjac pairs (rad) Sex time (h) scored cells tfragments fragments Breaks Gaps (TD+ID) 
1 Male (Tomy) 0 M 32 300 289 Q Q l 6 9 
Female (Sindhu) F 300 293 0 0 0 3 10 
100 M 33 400 250 pe hg 2 1 40 §9* 
F 400 278 14 7 9 43 61 
200 M 34 400 153 1047 i 11 17 43 2107 
F 400 199* 46 13 13 31 150 
300 M 35 300 62 1287 16 19 35 244 
F 300 87* 63 24 12 30 206 
400 M 36 200 15 1177 18 11 19 271 
F 200 29* 77 16 13 26 259 
2 Male (Homy) Q M 32 200 192 0 0 I 2 3 
Female (Bindu) F 200 194 0 0 j 4 4 
100 M 33 300 216 25* 6 8 li 34 
F 300 185 12 7 4 13 25 
200 M 34 200 101 39* 4 3 T 68 
F 200 117 22 4 4 9 55 
300 M 35 100 20 39* 5 D2 8 56 
F 100 24 27 6 4 9 79* | 
3 Male (Sony) 0 M 32 200 195 0 0 0 2 3 
Female (Rindu) F 200 196 0 0 0 1 a 
100 M 33 300 187 25* 3 18* 20* 77% 
F 300 2827 13 4 7 3 42. 
200 M 34 200 85 417 11 20 18+ 664 
F 200 1207 19 4 14 2 64 
300 M 35 225 52 847 19 12 19 Lie 
F 225 85t 50 18 14 14 142 
400 M 36 100 10 56* 12 13 6 1727 
F 190 13 35 7 9 7 117 


TD, terminal deletion; ID, interstitial deletion. 
* Signficant in x? test, P < 0.05. 
+ Significant in y? test, P<0.01. 


Table 2 Frequencies of dicentrics and other aberrations in first-division metaphases of male and female muntjac lymphocytes in MBCs fixed at 40 h- 
after X-ray irradiation i l ay: 





Dose Fixation Cells Normal Dicentrics Rings + : Deletions 
(rad) Sex. * time (h) scored cells +fragments fragments Breaks Gaps (TD+ID) 
Male (Tomy) 0 M 40 100 87 0 Q Q -6 OF 
Female (Sindhu) F 100 90 0 G 0 9 2 
100 M 41 280 169 27" 2 17 29 48 
F 280 179 12 8 10 | 38 55 
200 M 42 310 127 627 14* 15 34 126 
F 310 144 33 4 20 24 127 
300 M 43 200 40 90+ 15 5 15 148 
F 200 53 48 11 7 17 122 
400 M 44 150 11 84* 19 8 16 205 
F 150 21 57 17 8 17 172 


TD, terminal deletion; ID, interstitial deletion. 
* Significant in y” test, P <0.05. 
+ Significant in x” test, P< 0.01. 


Table 3 Frequencies of dicentrics and other aberrations in first-division metaphases from cultures set up separately for male and female muntjac 
blood after X-ray irradition z 
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Fixation 
Dose time Cells Normal Dicentrics Rings + Deletions 
Munjac pair (rad) Sex (h) scored cells +fragments fragments Breaks Gaps (TD+ID) 
Male (Tomy) 0 M 32 150 146 0 0 0 2 3 
Female (Sindhu} F 150 147 0 0 0 2 2 
100 M 33 150 99 13* 3 14* 13* 24 
F 150 117 4 1 4 3 ae 
200 M 34 250 93 41* 15 15 12 112 
F 250 131* 24 8 18 18 : 94 
300 M 35 150 32 a 11 22 11 119 
F 150 43 P 37 16 12 8 138 
400 M 36 150 12 73* 23 13* 14 172* 
F 150 is 49 27 4 12 135 


TD, terminal deletion; ID, interstitial deletion. 
* Significant in y“ text, P <0.05. 
EAEE 
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Fig. 1 Metaphase chromosomes of male and female muntjacs. a, 

First-cycle and b, second-cycle metaphase preparations from 

female muntajac lymphocytes showing six chromosomes with XX. 

c, First-cycle and d, second-cycle metaphase preparations from 

male muntjac lymphocytes showing seven chromosomes with 

XY,Y>. a multiple sex chromosome system due to X-autosome 
translocation. 


metaphases”'**!. For multiple sampling, fixation was done at 
32 and 40 h to analyse aberrations. The frequencies of dicentrics 
and other chromosome aberrations were scored from coded 
slides from 50-100 first-cycle male and female metaphases. The 
frequency of sister chromatid exchanges (SCEs) was scored from 
second-cycle metaphases and the experiments were repeated 
two to three times for each pair of muntjac. 

The results cbtained from the MBCs fixed at 32 h (Table 1) 
and 40h (Table 2) as well as from the cultures of male and 
female lymphocytes set up separately (Table 3) indicated that 
the male lymphocytes were consistently more radiosensitive 
than female lymphocytes, as they showed a significantly higher 
(1.86+0.25, P <0.01 or 0.05) frequency of dicentrics (Fig. 2). 
A:though the frequency of deletions, which did not include 
fragments associated with dicentrics and rings, was quite high 
and at times showed significant variation between the two sexes, 
the frequency was not significantly different in most cases. With 
regard to symmetrical exchanges, there was sometimes a slight 
increase in the yield in females but the frequency was found to be 
statistically insignificant when compared with yields in males. 
The analysis was not done after banding of chromosomes, 
therefore their frequencies are not very precise the data on 
symmetrical translocations have not been shown. The yield of 
dicentrics in cultures set up separately for male and female was 
slightly lower than in the MBCs (Fig. 2) but the magnitude of 
difference in the yield of dicentrics between the two sexes still 


Table 4 Sister chromatid exchange (SCE) frequency in control and 
irradiated cultures of male and female muntjac lymphocytes 








X-ray Total Total 


SCEs per 
dose metaphases SCEs per 
irad} Sex scored scored cellts.e. 

0 Male 50 363 7.262 0.46 
Female 50 365 7.30% 0.42 

100 Male 50 382 7,640.72 
Female 50 448 8.96< 1.37 

200 Male 50 341 6.82 +0.29 
Female 50 325 6.504 0.59 

400 Male 50 362 7.24 +0.39 
Female -© 50 382 7.64 0.82 
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Fig. 2 Dose-response curves for dicentrics in male and female 

muntjac lymphocytes grown in MBCs (@, male; A, female) and 

separately (O, d male; A, ? female), after exposure to various 

doses of X rays. The curves are the least-squares regression lines of 
y =a + bD (r = 0,98, P <0.001). 


remained the same. The frequency of other chromosome aber- 
rations (Tables 1, 2, 3) however, did not show any significant 
difference between the two sexes, either in the MBCs or in the 
separate cultures. The frequency of SCEs was the same in male 
and female lymphocytes and was of the order of those occurring 
spontaneously, even after exposure to 400 rad (Table 4). This 
corroborates the suggestion that the mechanisms of production 
of SCEs and chromosome aberrations are different?-??, 

Our previous study’? using the BUdR-harlequin technique 
on male muntjac lymphocytes fixed at 40 and 48 h after X-ray 
irradiation and initation of cultures, and the present study of 
MBCs fixed at 32 and 40 h (Tables 1, 2) gave similar yields of 
dicentrics and rings in the first-cycle metaphases. This strongly 
suggests homogeneous sensitivity of muntjac lymphocytes to 
X-ray irradiation, which has also been reported for humans*”', 
Nevertheless, there are reports on human lymphocytes which 
suggest the presence of at least two subpopulations that differ in 
rate of progression of cell cycle and radiosensitivity?°***>. In 
view of the conflicting reports on human lymphocyte radiosen- 
sitivity, we scored dicentrics in lymphocytes of both sexes of 
muntjac only from the first wave of mitosis, mainly at 32 h, even 
though the yield of metaphases was very low at this hour, 
particularly in the case of male metaphases. 

The significant difference observed in the frequency of X-ray 
induced dicentrics therefore indicates differential radiosen- 
sitivity of lymphocytes in the two sexes of muntjac. The low 
number of chromosomes in muntjac may suffer from ‘distortion’ 
in radiation-induced chromosome exchange analysis”® but the 
slight difference in the chromosome number of males and 
females of muntjac is not expected to influence the yield of 
dicentrics in the two sexes. Thus these results reflect a real 
difference in radiosensitivity. Differential repair efficiency 
and/or other intrinsic factors may be responsible for this 
differential sensitivity. It is, however, interesting to note that in 
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Down’s syndrome, the presence of an extra chromosome 21 has 
been shown to cause a 50-100% increase in the incidence of 
radiation-induced exchange-type aberrations (dicentrics and 
rings), whereas the frequencies of breaks and other intra- 
chromosomal changes are not affected'*''*’, Although the 
situation is not parallel, we could assume that the presence of Y 
in male muntjac as an extra chromosome in the complement in 
some way accounts for the higher yield of dicentrics. Experi- 
ments on other species with similar sex chromosome constitu- 
tion, resulting in a difference in chromosome number between 
the two sexes, may elucidate this point. 

We thank Professor J. R. K. Savage for help with the manu- 
script, and Drs H. Loewe and V. V. Menon for the gift of 
Hoechst 33258 and statistical advice, respectively. The work 
was supported by grants from the International Atomic Energy 
Agency, contract nos 2126/RB and 2126/RI/RB and the Uni- 
versity Grants Commission, India. 
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Altered ribosomal RNA genes in 
mitochondria from mammalian 
cells with chloramphenicol resistance 


Stephen E. Kearsey & Ian W. Craig 


Genetics Laboratory, Department of Biochemistry, 
University of Oxford, Oxford OX1 3QU, UK 


Chloramphenicol resistance in mammalian cells is cytoplasmic- 
ally inherited’*. In yeast, a similar phenotype is caused by 
mutations in the mitochondrial DNA (mtDNA), and sequenc- 
ing of carefully constructed strains has identified nucleotide 
monosubstitutions in the 3’ region of the large (21S) rRNA gene 
which correlate with the antibiotic resistance’. We have 
sequenced the corresponding section of mammalian mtDNA 
from chloramphenicol-resistant cell lines for comparison with 
the wild-type sequence. Differences between the sequences 
occur at positions similar to those altered in the yeast mutants, in 
a highly conserved region of the large (16S) rRNA gene. 

The chloramphenicol-resistant cell lines investigated were 
3T3CAP* (ref. 4 and R. L. Siegel, unpublished data) derived 
from the mouse cell line 3T3, and the human line MC63 derived 
from HeLa B (ref. 5). Cytoplast—cell fusion experiments have 
shown convincingly that the chloramphenicol resistance of these 





Fig. 1 The positions of BamHI, EcoRI and HindHI restriction 
enzyme sites in mouse mtDNA””; O denotes the H-strand repli- 
cation origin, and the direction of transcription of the rRNA genes 
is marked~’. The BamHI-A fragment was purified by cloning in 
pBR322 (ref. 7), and the smaller BamHI-EcoRI subfragment was 
isolated and digested with Sau3A. This was ligated into the 
double-stranded form (RFI) of a bacteriophage M13mp2 deriva- 
tive adapted to accept BamHI fragments?! (amber mutation in 
phage; G. Winter, unpublished results). Recombinant phage, 
which give colourless plaques on a lawn of E. coli JM101 (ref. 22), 
were grown up for screening as described in the text. The universal 
primer from pSP14 (ref. 23) was used for dideoxy sequencing**. 


cell lines may be cytoplasmically transmitted to sensitive cells”®, 
although further genetic characterization has not been 
completed. 

MtDNA from 3T3CAP* cells was cloned as BamHI 
restriction fragments using the plasmid pBR322 (Fig. 1 and 
ref, 7). Similar banks were also made using mtDNA from the 
parental cell line 3T3 and mouse liver. Plasmids containing the 
BamHI-A fragment were prepared, allowing the purification of 
the smaller (1.3-kilobase) EcoRI-BamHI subfragment from the 
plasmid insert. This contains the 3’ end of the large (168) rRNA 
gene (Fig. 1). The fragment was cut multiply with Sau3A for 
subcloning, using a bacteriophage M13mp2 derivative as 
vector® © 

Recombinant M13 clones from the mouse liver mtDNA bank 
were screened by partial sequencing reactions, using one 
dideoxynucleotide, ddT"’. Clones chosen for detailed sequence 
analysis were those containing restriction fragments having 
homology with the yeast 21S rRNA gene region in which 
nucleotide changes conferring chloramphenicol resistance are 
found’. As human and mouse mtDNA show high sequence 
homology in the rRNA genes’, this screening was made easier 
by aligning the human 16S rRNA gene sequence ** with the 
yeast sequence. Comparison of the thymidine partial sequences 
of the mouse Sau3A fragments with the human sequence 
allowed the identification of several hybrid phage containing a 
92-base pair fragment which spans the relevant region of the 
16S rRNA gene. Two of these clones, containing this fragment 
in opposite orientations, were used to select clones from the 3T3 
and 3T3CAP® banks for dideoxy sequencing’. In this hybri- 
dization screening, single-stranded DNA from clones 
containing the same restriction fragment as the reference clone, 
but in an opposite orientation, formed a hybrid with the 
reference clone DNA. These DNA hybrids have a lower mobil- 
ity on agarose gels than the non-annealed single strands. 

The MC63 mtDNA was digested with Saw3A and cloned 
directly into bacteriophage M13. Hybridization screening of 40 
recombinant phages identified three homologous clones which 
were used for sequence determination. 

Comparison of the mtDNA sequences obtained shows that 


the 92-base pair Sau3A fragments from 3T3CAP* and 3T3 


mtDNA differ by one nucleotide at position 30 (Fig. 2). 
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Human :5’end ca 1225 bp.-GATCCAATAA CTT ATAACAGCGC 
kkhk kkk kk 

Mouse : 5’ end ca 1240 DP ecesecevneeceves ATAACAGICGC 
eRAKKKKK X 

Yeast 5” end ca 2100 bp.-TGTAAAGGTT ATT GT 


kk RKK KK * 
ATAACAGGCT 


kk kk kK kk 
E.coli :5’end »»..2407 bp.. .TGGAAGGGCC ATC 











X kik Akk kk 


* kki k * 
ACCGCCC AAGAGTICAT 








CTATTC TAGAGTCCAT ATICAACAAT= AGGIGTTTIACG ACCTCGATGT 7A 





ATICGA-CGGC GGTGTTTGGC |ACCTCGATGT C 


.ca 230 bp.-3” end 


CTATTT AA ATCGACAATT AGGGTTTACG ACCTCGATGT A eca 230 bp..3” end 
* kk * kk Ł KKEK * 
TAACGA AAGAGT ATITGT-AAGT TATGTTTGCC ACCTCGATGT C -ca 500 bp».3° end 





2.22392 bp..3% end 





Fig. 2 Comparison of the DNA sequences in the 3’ region of the large rRNA genes, showing positions of nucleotide changes in mtDNA from 


chloramphenicol-resistant cells. Sequences of the noncoding strand are g 


iven. The sequences compared are from human (placental) mtDNA 7 


mouse (3T3 or liver) mtDNA, yeast (Saccharomyces cerevisiae strain 1L9-8A/D122, with the C, site in its wild-type configuration) mtDNA” 

and E. coli (rmB gene) 16 The sequences are aligned to show major blocks of homology, with gaps where appropriate. Asterisks show identity 

between adjacent sequences and boxed-in regions indicate sequences conserved between all four. Underlining indicates the position of the stem 

of a hairpin loop structure which is conserved between all four sequences. Nucleotide monosubstitutions in mtDNA sequences from 

chioramphenicol-resistant cells are indicated as follows: 1, MC63 (T to C}; 2, 3T3CAP® (A to T); 3, Co mutation in yeast (G to A)’; and 4, Ch 
mutation in yeast (A to ©}. 


Comparison with the yeast sequence data shows that this A-T 
transversion is only four nucleotides away from a homologous 
site at which a G-A transition in the rib-1-B locus causes the 
chloramphenicol resistance mutation CR, (ref. 3). This suggests 
that the sequence alteration is responsible for the antibiotic 
resistance phenotype of 3T3CAP* although no functional 
genetic test is available. It is less likely that this: mutation 
represents a silent polymorphism as the wild-type sequence 
compared is from the parental cell line. In any case, there are no 
differences between the 3T3 and mouse liver sequences (see Fig. 
2) which suggests that polymorphism in the 3’ region of the 165 
rRNA gene is not high, and that the cloning steps used do not 
mutate the original nucleotide sequences. 

The 104-base pair Sau3A fragment from MC63 mtDNA also 
shows one difference compared with the human placental 
sequence reported by Eperon et al.'* (Fig. 2). This monosub- 
stitution, a T-C transition at position 96, is one nucleotide away 
from a homologous site in yeast mtDNA where an A-C trans- 
version at the rib-1-A locus causes the chloramphenicol resis- 
tance mutation CÑ, (ref. 3). 

The single nucleotide changes in the mtDNA from both the 
mouse and human mutant cell lines occur in short sequence 
blocks which are identical in the yeast mitochondrial 188 rRNA 
gene and the Escherichia coli 23S rRNA (rmnB) gene (Fig. 2 and 
refs 3, 16). Such conservation probably reflects functional con- 
straints imposed on this region of the genome and suggests that 
a small genetic change, such as a base pair alteration, could have 
a considerable effect on the cell phenotype. Furthermore, this 
evolutionary stability makes it less likely that irrelevant poly- 
morphisms are being detected. 

Structural studies of the E. coli ribosome indicate that in the 
rRNA, the sequence shown in Fig. 2 occurs at the interface 
between the 30S and 50S subunits, the RNA being protected 
from kethoxal modification on subunit association'’. This agrees 
well with the high degree of sequence conservation of this region 
through evolution compared with other parts of the large 
rRNA”. The nucleotides which are altered in chloramphenicol- 
resistant mutants are probably implicated in binding the 3' 
terminus of aminoacyl tRNA, because chloramphenicol blocks 


this site’®, A hairpin loop can be constructed between the 
mutation sites, and this feature is conserved despite local diver- 
gence of the primary sequences compared in Fig. 2 (ref. 19). If 
this structure occurs in the ribosome it would bring the putative 
chloramphenicol-binding sites together. 

Further sequence analysis of mtDNA from other chloram- 
phenicol-resistant cell lines should help to confirm the cor- 
relation suggested here. Chloramphenicol resistance is the only 
readily obtainable genetic marker in the mammalian cytoplasm, 
and a simple molecular basis for the mutation might help to 
explain why this is the case. 

We thank Greg Winter for the primer, and Elin Munro for 
culturing and phenotypic characterization of cell lines. 
This work was supported by grants from the CRC and the 
Christopher Welch Trustees. 
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Sexual dimorphism in early 
 anthropoids 


FLEAGLE ET AL.’ provide an estimate 
of sexual dimorphism in extinct anthro- 
poid primates based on a positive rela- 
tionship between the degree of sexual 
dimorphism in body weight and the 
coefficient of variation (c.v.) of mandible 
depth in extant anthropoids. A cursory 
glance at Table 1 shows that their data on 
the degree of body weight dimorphism are 
incorrect. As a striking example, capuchin 
monkeys (Cebus apella) are supposedly 
more dimorphic than gorillas (Gorilla 
gorilla) which, as any visitor to the zoo 
knows, is simply not the case. Gorillas are 
far more dimorphic than capuchin 
monkeys. 

A closer examination of the data reveals 
that 9 (those taken from our study on 
sexual dimorphism’) out of 13 species do 
not express a mean male weight/mean 
female weight ratio as intended by Fleagle 
etal., but instead show a ratio between the 
cube roots of male and female weights. In 
our study we used the cube root of body 
weight to obtain a linear dimension 
comparable to a linear canine dimension. 
Using corrected data for body weight, I 
recalculated its correlation with the c.v. of 
mandible depth and obtained a cor- 
relation coefficient, r= 0.597, which is 
substantially lower than r = 0.940 as cal- 
culated by Fleagle etal. This leaves >60% 
of the variance unexplained, which in turn 
indicates that the coefficient of variation is 
a much poorer predictor of the degree of 
sexual dimorphism than they suggest. A 
solid quantitative method for estimating 
the degree of sexual dimorphism in fossils 
based on the variability within a species 
and independent of prior sex deter- 
mination of individuals still eludes us. 


WALTER LEUTENEGGER 
Department of Anthropology, 
University of Wisconsin, 
Madison, Wisconsin 53706, USA 


lL Fleagle, J. G., Kay, R. F. & Simons, E. L. Nature 287, 
328-330 (1980), 
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T977, 


FLEAGLE ET AL. REPLY—Leuteneg- 
ger correctly points out that we inad- 
vertently mixed the body size data in 
Table 1 of our paper’ and therefore 
overestimated the correlation coefficient. 
In rechecking our original data, it turns 
out that we incorrectly transcribed the c.v. 
of mandibular depth for Cebus apella as 
well; the correct value is 14.5. When the 
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correlation coefficient for the entire 
sample was recalculated, using the cubed 
roots of body weight as suggested by Leu- 
tenegger, the correct value for r was 
0.755. Although this value is lower than 
that previously reported, it is still highly 
significant (P <0.01) and demonstrates a 
positive correlation between c.v. of 
mandible depth and sexual dimorphism in 
body weight. This correction in no way 
affects our major points: that the 
coefficient of variation for mandible depth 
and the amount of canine dimorphism in 
the Fayum anthropoids are considerably 
higher than that found in any of the 
monagamous taxa. 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 


Enzyme heterozygosity and 
morphological variance 
HANDFORD' recently reported a lack of 


association between enzyme heterozy- 
gosity and measures of morphological 
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variance in the Rufous-collared sparrow. 
He suggested that this negative case, 
which was in apparent contrast to the 
findings of myself? and Mitton’, could be 
explained by an inherent difference, with 
regard to this relationship, between 


homoiotherms and  poikilotherms. 
Although Handford makes several statis- 
tical points worth consideration, he 
ignores the fundamental problem of sta- 
tistical power in his analysis. Essentially, 
his data set is so small that unless we 
assume the putative relationship between 
heterozygosity and morphological vari- 
ability to be extremely strong, the ability 
to reject the null hypothesis of equal 
variances will be very restricted. 

If enzyme heterozygosity does exert 
some influence on morphological vari- 
ability, our biological intuition suggests 
that the contribution of individual loci will 
be subtle. Examination of the data sets for 
the monarch butterfly’ and the killifish? 
clearly support this notion. For example, 
the ratio of homozygote to heterozygote 
variances in the monarch is only 1.17 for | 
the entire set of loci. This does not 
diminish the evolutionary importance of 
such a relationship, but rather places re- 
alistic expectations on the magnitude of 
the effect. Furthermore, because we are 
comparing variances, the ability to make 
strong statistical inferences about such 
associations will be constrained without 
large sample sizes and many independent 
observations. 

The statistical power for the variability _ 
measures and sample sizes reported by 
Handford’ is difficult to quantify. — 
Regardless of the drawbacks of the F- test, 
it can be used in a simple univariate case to 
illustrate the limitations of these sample 
sizes, For a normally distributed charac- 
ter, the homozygote/heterozygote F 
ratios associated with Handford’s larger 
sample sizes which would be statistically 
significant {P <0.05) are 1.8 (d.f. = 130, 
22) and 1.5 (d.f.= 76,49). These are 
unrealistically large ratios given the 
subtlety of the relationship expected and 
observed in other organisms. The problem 
of type II error does not disappear. by 
using Handford’s particular treatment or 
by applying the sign test. In addition, 
Handford uses multivariate measures of 
variability which further reduces the sta- 
tistical power with the inclusion of each 
new character. Indeed, three of the five 
tests for matrix homogeneity in females 
cannot be carried out because the sample 
sizes are so small that there are insufficient 
degrees of freedom. 

His cautionary statement that one 
nonsignificant result does not negate the 
relationship is true, but a nonsignificant 
result for a truely powerful data set would 
have permitted some strong inference to 
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be made. Obviously, the need is not for 
many more tests of weak statistical power, 
but rather for a few tests, each with 
sufficient power to distinguish between no 
relationship and one of small, yet realistic, 
effect. 


WALTER F. EANES 


Museum of Comparative Zoology, 
Harvard University, 
Cambridge, Massachusetts 02138, USA 
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HANDFORD REPLIES-—-Of course, | 
agree with what I take to be Eanes’ main 
point: that many more data are needed 
to clarify the relationship between 
heterozygosity and morphological vari- 
ability. Indeed, my modest contribution’ 
closed with an implied request that 
workers (and there must be many) in 
possession of data sets containing the 
necessary information (for many taxa and 
based on larger samples) do the necessary 
sums and communicate their results. In 
that note' I also made the obvious point 
that lack of a significant result does not 
demonstrate much on its own (even 
though nonsignificance is also evident 
from the sign test” used by Mitton’ in the 
interpretation of his results). | 

Regarding statistical considerations, 
Eanes is correct about necessary magni- 
tudes of effects when using the F ratio. 
Comment has been made about the use of 
F ratios', and will not be repeated. 
However, I may compare my data with 
those of Mitton’. If his three localities are 
considered separately, his samples are 
comparable, both biologically and 
numerically, with mine’. In all three 
samples, Mitton’s data yield a result which 
is significant by the sign test; mine do not. 
The sign test is, of course, independent of 
the magnitude of the differences in vari- 
ance and of the size of the sample used in 
computing the variances. Given that there 
are some a priori reasons for expecting 
that heterozygosity may be of different 
biological significance among homoio- 
therms and poikilotherms', I felt my 
results worth communicating. 
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Nigral-derived muscimol 
circling—ipsiversive, 
contraversive 

or controversial? 


REAVILL ET AL.'S’ attempted reconcili- 
ation of the dispute between Waddington” 
and Martin and Haubrich? raises some 
important issues. Briefly, the controversy 
centres on whether disinhibition of 
dopamine (DA) neurones in the substan- 
tia nigra zona compacta (SNC) contributes 
to the contraversive circling produced by 
injecting a y-aminobutyric acid (GABA) 
agonist into one nigra, as this has been 
variously reported as being unaffected ®, 
attenuated? or even exaggerated’? by 
measures which reduce nigrostriatal 
dopaminergic activity. We, too, firmly 
believe that the precise location of 
injection of the drug within the nigra holds 
the key to these disparities. Thus when 
muscimol (40 ng) is microinjected dis- 
cretely {in 0.2 wl over 3 min) into the 
central region of the zonal reticulata 
(SNR) at all rostrocaudal levels, it evokes 
rapid contraversive circling which is 
significantly (though never completely) 
inhibited by pretreating the animals with 
haloperidol (0.1 mg per kg) or pimozide 
(0.25 mg per kg), intraperitoneally, or 6- 
hydroxydopamine (4 wg into the SNC or 
medial forebrain bundle). That is, it is 
partially DA dependent (see refs 7--11). 
On the other hand, injecting the agonist 
into ventral or lateral aspects of the SNR, 
irrespective of rostrocaudal coordinates, 
again stimulates rats to move in contra- 
lateral circles, but in this case the rate of 
rotation is regularly slower and is 
unaffected by the above treatments. In 
other words it is DA independent (see refs 
4-6). Consequently we believe it is the 
disposition of muscimol in a mediolateral 
or dorsoventral direction within the reti- 
culata, and not along the rostrocaudal 
plane of the nigra as a whole as Reavill e? 
al.’ surmized, that determines whether 
the resultant circling behaviour involves 
dopaminergic activation. 

The latter could occur by muscimol 
suppressing the activity of inhibitory 
interneurones, or of nigrofugal fibres that 
send collaterals to the SNC. Our sugges- 
tions are in keeping with the known 
topography'* and electrophysiology'* of 
this area of the nigra. The assertion that 
Martin and Haubrich could only have 
achieved striatal DA _ release and 
contraversive circling with muscimol from 
the caudal nigra is therefore unfounded. 
Furthermore, our arbitray division of the 
SNR into two longitudinal bands from 
which different types of contraversive 
circling may be elicited should not be 
confused with the separate, weaker 
depressant action of muscimol on the 
compacta DA neurones directly'*. This 
will give rise to ipsiversive asymmetry that 
is totally abolished by neuroleptics’. We 
would agree that this type of ipsiversive 
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behaviour ts most readily evoked from the 
rostral SNC. In fact, we have never 
observed ipsilaterally directed move- 
ments with muscimol from the caudal 
SNC. Thus a behavioural distinction can 
be made between GABAergic drugs 
acting on the SNC (rostrally) or the SNR 
(caudally), but this does not account for 
the above-mentioned discrepancies’. 

To dismiss as ‘redundant’ the 
significance of striatal DA release in the 
mechanism of nigral GABA-mediated 
circling could be premature, as this 
presupposes that all such behavioural 
influences are necessarily channelled back 
through the SNR, which has yet to be 
ascertained, This might be true for rota- 
tional behaviour generated artificially 
from the SNR by an agonist as powerful as 
muscimol, even in ‘thalamic’ rats'*, but we 
cannot help wondering if animals bearing 
chronic cerebral damage can validly be 
used to predict the importance of events 
that take place in the whole animal. The 
elegant experiments of Grace and 
Bunney’* favour the opposite view by 
showing that the firing rates of compacta 
DA cells are reciprocally related to the 
activity of non-dopaminergic GABA- 
receptive cells in the neighbouring SNR. 
The focal ejections of GABA which raised 
DA cell firing severalfold were made into 
the central region of the SNR, the area 
most densely innervated by striatonigral 
GABA terminals'*. Cells here are 
exquistely sensitive to iontophoretic 
GABA and it is from this region that we 
obtained contraversive turning to 
muscimol which was strongly dependent 
on dopaminergic mechanisms. There is 
every reason to suppose, therefore, that 
these GABA-DA interactions are far 
from inconsequential in normal phy- 
siological conditions. 
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Oil in the wheels of politics 


Ian Smart 


THOSE who have to catalogue or identify 
books would sometimes welcome a little 
more care in choosing titles. Certainly, no 
one should reach for this stimulating but 
strangely uncertain symposium in the 
belief that it will offer a synoptic view of the 
relationship between energy and security. 
On the supply side, coal, gas, nuclear 
power and ‘‘renewables’’ are mentioned in 
passing, but the emphasis is otherwise 
exclusively on oil. On the demand side, 
changes in oil and total energy consump- 
tion are duly noted, but the structure and 
evolution of conversion and end-use 
patterns are largely ignored. So are all 
questions of energy technology. As to 
security, it is understandable that most of 
the discussions and policy recommenda- 
tions relate to the United States, albeit 
against the background of praiseworthy 
insistence that American isolation from 
world energy concerns is impossible. What 
is less acceptable is the absence of any 
serious reflection on what ‘‘security’’ 
really means in the energy context. Some of 
the groundwork is here, for instance in the 
occasional distinction between import 
dependence and supply vulnerability. In 
the end, however, the only definition of 
energy security, implicitly or by exclusion, 
is in the all too familiar form of immunity 
to a sudden disruption of flows or prices in 
the world oil market. The result is a book 
about short-term threats to oil trade, with 
particular reference to the United States. 
That is undeniably an important subject, 
but only a broader analysis could hope to 
determine its true significance. 

Any volume made up of separate papers 
derived from a series of seminars and 
written by both senior luminaries and 
graduate students confronts its editors with 
problems of coherence and consistency. 
This is no exception. In minor matters — 
mis-spellings or misprints — the standard is 
sometimes deplorable. In more important 
respects, however, there is better evidence 
than usual of thematic continuity. Nor are 
the more junior contributors disgraced. 
Indeed, Fen Hampson on Canadian energy 
policy and, outstandingly, Kevin 
Middlebrook on US—Mexican energy 
relations make two of the most useful and 
polished contributions to the collection. 
Some of the problems nevertheless prove 
insuperable. It has to be said, for example, 





Energy and Security. Edited by David A. 
Deese and Joseph S. Nye. Pp.489. ISBN 
0-884 10-640-3 /0-6660-684-5. (Bailinger/ 
Harper & Row: 1981.) $14.50, £9.50. 


that a book so narrowly focused on oi 
politics deserves a less superficial survey of 
politics in the Gulf: a chapter which might, 
moreover, have carried more weight if, like 
other sections, it had been reviewed since 
the outbreak of the Iraq-Iran war. In 
general, however, the quality of the in- 
dividual contributions is sufficient, and 
sometimes exemplary. The intractable 
difficulty is rather one of reconciling what 
is said or, more often, implied in the 
different papers. 

In some cases, the impression created is 
that apparent conflicts of interpretation 
have been recognized but have resisted 
resolution. In their summing-up of lessons 
for American policy, for instance, the 
editors (with Alvin Alm) strongly endorse 
the establishment and use of national oil 
stockpiles, but without referring to some 
hard questions about that policy raised 
earlier by Thomas Neff, in a strong paper 
on recent changes in the oil market. In 
other cases, the impression is that the parti- 
cipants have simply not addressed them- 
selves to fundamental questions begged by 
the conjunction of their separate analyses. 
Two such questions stand out. One is about 
the relationship between governments and 
energy markets. And the other is about the 
relationship between immediate protection 
against oil-trade disruptions and the 
ultimate security of energy systems at large. 

The contributors are especially uncertain 
about the role of government. In his 
opening chapter, Joseph Nye argues for 
more government involvement in external 
energy affairs, but less in domestic ones. 
Other authors echo that view, extolling the 
usefulness of market forces and casting 
sceptical glances at the ability of 
government to regulate or a fortiori to 
ration the flow of oil in an emergency, or 
even to shape the domestic energy economy 
in the longer term. Yet, time and again, 
recommendations for policy action — on 
stockpiling, pricing, taxation, revenue 
distribution or the promotion of alter- 
native supply — imply a need for more, 
rather than less, governmental inter- 
vention. The domestic market must be 


} 


made free, so that it can transmit price 
signals efficiently to consumers, but the 
market must be managed, lest the signals it 
transmits, as in either the easy days of 
1975-1978 or the panic of 1978-1979, 
reflect an inefficiently short perspective, 
(David Deese and Linda Miller, in dis- 
cussing the West European dimension, 
even complicate the issue by suggesting 
that, in an emergency, available oil will 
gravitate towards ‘‘free market 
countries’’.) Nowhere is there convincing 
evidence that the contributors and editors 
have faced up to the obvious dilemma 
lurking in those shadows, The suspicion 
they leave is of having convinced them- 
selves that government, in the abstract, 
must play a role of which American 
governments, in the real world, are 
incapable. 

The second fundamental but unresolved 
issue is even more obvious. Several of the 
authors, led by William Hogan, apparently 
believe that short-term measures to prepare 
for disruptions of oil trade have been 
neglected in favour of efforts to limit oil 
imports or oil consumption in the longer 
term. In the particular case of the United 
States, given the fiasco of the Strategic 
Petroleum Reserve, it would be hard not to 
sympathize with them. What is lacking, 
however, is a considered sense of the 
opportunity cost of short-term oil 
emergency measures in relation to the 
longer-term management of fuel supply 
and of the energy economy as a whole. A 
country’s relative security in regard to 
energy palpably depends on much more, in’ 
the final analysis, than the scale and 
pattern of its oil imports. Far larger social, 
political and institutional, as well as 
economic, questions are at stake. In this 
case, however, they remain unilluminated. 
Anyone who wants to think more deeply 
about the problems of coping with another 
Arab oil embargo or the effects on oil 
supply of another Middle Eastern war, 
especially in the United States, should read 
this book. But oil supply is not the only 
element in national, let alone global, 
energy security, and anyone who wants to 
learn about other elements of that now 
perennial issue will look here in vain, = 
si eum ath eee ie acta ete Bae ale Ste nee 


Jan Smart is an independent adviser on 
international energy affairs. 





States of matter inside the planets 





W.B. Hubbard 


Interiors of the Planets. By A.H. Cook. 
Pp.348. ISBN 0-521-23214-7. (Cambridge 
University Press: 1980.) £25, $59.50. 


Interiors of the Planets, a volume in the 
Cambridge Planetary Science series, is 
intended as a textbook for advanced 
_ students. The book reads rather more like 
an extended review article than a text, 
however; yet probably no other approach 
is possible in this rapidly-developing field. 
A number of thorough, up-to-date 
accounts of important topics are scattered 
==> through the book. The initial discussion of 
_ the Earth and the derivation of interior 
-= models from seismic data and the Adams- 
: Williamson equation is lucid, as is the sub- 
“sequent coverage of heat sources in the 
Earth and effects on the temperature 
gradient. The strongest parts of the book 
are those which deal with measurement of 
gravitational field parameters and with 
_ solid-body planetary motions — the use of 
- artificial satellites, fly-bys and laser retro- 
reflectors to determine gravitational field 
:: parameters and precession and libration 
constants is considered in some detail: and 
the first-order theory of figures, leading to 
the. important Radau~Darwin approxi- 
mation, is given in enough detail to make 
-clear its physical significance. 
~ There are two chapters on equations of 
_ State — separated by chapters on the Moon 
<-3 and terrestrial planets — a division which 
seems a little curious, since similar physical 
“. principles are involved. Nevertheless, the 
exposition of experimental techniques for 
‘Measuring equations of state and phase 
_ transitions is a helpful guide to the intricate 
¿> transformations which can occur in 
+. Minerals at high pressure. The chapter on 
metallic and molecular hydrogen, which 
comes later, is also fairly complete, and 
gives the reader a good feeling for the 
convergence of very different methods for 
deriving pressure-density relations and 
other important thermodynamic 
parameters. 

The chapter on the Moon is somewhat 
Sketchy. Lunar seismology and the 
evidence for a lunar core from the moment 
of inertia are presented in useful detail, but 
an adequate discussion of important work 
on electromagnetic sounding of the lunar 
interior is lacking. The account of the 
formation of the lunar crust tends to be 
unclear — and many workers in this field 
would doubt the assertion that the crust 
may have accreted separately onto the 
Moon, from meteorites, after formation of 
the mantle. 

The discussion of Mars, Venus and 
Mercury is likewise rather uneven. 
Moments of inertia are dealt with well, and 
the author succeeds in giving a clear, simple 
exposition of the relation between the 
moment of inertia and the relative effects 





















and core. On the other hand, the effects of 
tidal dissipation are ignored, and the classic 
work of Goldreich and collaborators on 


spin-orbit coupling in terrestrial planets is 


mentioned only obliquely. Although some 
attention is given to the higher-order 
gravity fields of the Earth, Moon and 
Mars, a geoid map of each is needed for 
clarity; such a map is given for the Moon 
only, but without definition of units. 
Similarly, the chapter on the Jovian 
planets has some fairly major gaps. Most 
discussions of the composition of this 
group start with the mass—radius diagram 
for self-gravitating spheres at zero 
temperature. The existence of a pro- 
nounced maximum radius for any such 
object at about the Jovian radius is 
convincing evidence for the preponderance 
of hydrogen in Jupiter and Saturn. 
Without such a diagram, the reader must 
take this important result on trust. In 





addition, the discussion of the heat balance 
of Jupiter and Saturn is misleading, and it 
is quite impossible for the solar wind o1 
ultraviolet radiation to contribute in a 
significant way to the observed imbalance. 

The author makes it clear that Interiors 
of the Planets is not a cosmogonically 
oriented book. His general theme is the use 
of established physical principles to draw 
general conclusions about the present 
interior state of planets. A synthesis of the 
derived interior structures of planets does 
require cosmogonical considerations, but 
we do not yet know enough to carry out 
such a synthesis. 

The book will not suffice as a sole 
reference to planetary interiors for an 
interested student, but it will be a helpful 
addition to his library. ia 





W.B. Hubbard is a Professor of Planetary 
Sciences at the University of Arizona. 


Logic in Galilean scholarship 


A. Rupert Hall 


Galileo and the Art of Reasoning: 
Rhetorical Foundations of Logic and 
Scientific Method. By Maurice A. 
Finocchiaro. Pp.478. Hbk ISBN 90-227- 
1094-5; pbk ISBN 90-227-1095-3. (Reidel: 


1980.) Hbk Dfl.80, $42; pbk Df1.40, $21. 


THIS is, as befits the series in which it is 
published, very much a book by a 
philosopher for philosophers, a book 
about logic rather than about Galileo. A 
scientist, a historian or a general reader 
wishing to make an initial exploration of 
Galileo’s style as a writer and a natural 
philosopher would do much better to sit 
down with an English version of Galileo’s 
Dialogues on the Two Chief Systems of the 
World than to read this volume. Indeed, 
Professor Finocchiaro’s study would be 
impossibly hard to follow for anyone who 
has neither familiarity with Galileo’s book, 
to which it is directed, nor with con- 
temporary scholarship in history and 
philosophy of science. 

This is, in brief, a work of detailed and 
technical criticism, mostly of the logical 
structure of arguments offered either by 
Galileo himself or by would-be interpreters 
of Galileo, both historians and philo- 
sophers (and at least one great scientist — 
Einstein). Finocchiaro exercises singular 
skill and acuity in the close analysis of 
reasoning in order to test whether opinions 
and generalizations purportedly justified 
by it are valid or otherwise: most 
commonly he finds them otherwise. Thus 
he finds grounds for strong reservations 


Galileo put forward by Alexandre Koyré, 
Paul Feyerabend, Maurice Clavelin, 
Dudley Shapere, William Shea, Stillman 
Drake and many others. To give one 
example of the elaboration involved: a 
quotation from a book by Koyré published 
42 years ago occupies half a page, its 
dissection 141% pages (admittedly of larger 
print). It is the fine structure of the Koyré 
passage that is faulted: “it would be 
unhistorical’’ the author concludes “‘to 
deny that the study of the history of science 
made great progress with Koyré: to turn the 
clock backwards is simply unthinkable’. 

It seems that his object is to make 
philosophical judgements upon the philo- 
sophical positions adopted by other writers 
on Galileo: Koyré’s error lay in his being an 
apriorist rationalist; Feyerabend’s in 
denying the rationality of Galileo’s and 
modern science; Drake’s in being an 
empiricist or perhaps totally aphilo- 
sophical, and so forth. This makes the road 
to a positive understanding of Galileo’s 
reasoning long and hard. On the other 
hand, Finocchiaro does express plainly his 
sense of the merits of previous scholars, 
even though (in his view) all have made 
serious mistakes, and he has studied the 
Dialogue and the difficulty of translating it 
with exemplary care, providing very full 
analyses of both the content and the nature 
of the arguments used by Galileo. 

There are, to me, paradoxes in 
Finocchiaro’s book apart from the 
paradoxes of Feyerabend, the Zeno of out 
time. Why does he object to Koyré’s 
writing that the Dialogue is ‘“‘not a book of 


_ of crust, polymorphic phase transitions about statements or views relating to astronomy, nor even of physics. It is above 
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all a book of criticism, a work of polemic 
and struggle; it is at the same time a 
pedagogical work, and a philosophical 
work. . .’’? Why does he write of Galileo's 
allegedly ‘‘Platonic’’ hypothesis of the 
planets all being accelerated into their 
orbits by falling from a unique point in 
space that ‘‘the correspondence is 
amazingly close’’? (It is not, as Newton 
pointed out long ago in his second letter to 
Richard Bentley, though Galileo seems to 
accept it as true.) Why is it profitable or 
illuminating to treat Galileo’s Dialogue in 
case-study fashion as though it were a state- 
ment of contemporary science? 


It is fair to end with some (abbreviated) 
conclusions of the author’s own: 


The evidence from Galileo indicates that 
science is primarily a method rather than a set 
of abstract truths; that method involves not 
the fixed adherence to some formal universal 
rules, but rather the judicious balancing of 
such opposites as speculation and 
observation, quantitative analysis and quali- 
tative considerations. . .; that in particular 
such judgment does not automatically exclude 
rhetorical persuasion or aesthetically 
expressed emotion; but that such exercise of 
judgment reduces ultimately to a matter of 
reasoning, namely the drawing of conclusions 
from premises and the formulation of reasons 
for claims. 

Finocchiaro ends with the admonition 
that ‘tin order to become more scientific, 
the study of reasoning needs a greater 
empirical orientation towards reasoning as 
it actually occurs in the world’”’ to be found 
by employing a ‘‘broadly conceived 
historical approach” not shying away from 
‘attempts at concrete theoretical 
systematizations’’. 





A. Rupert Hall is Emeritus Professor of the 
History of Science, University of London. 
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Essential techniques in diazotrophy 


John Postgate 


Methods for Evaluating Biological 
Nitrogen Fixation. Edited by F.J. 
Bergersen. Pp.702. ISBN 0-471-27759-2. 
(Wiley: 1980.) £38, $114. 


To do justice to a book as important as this 
in a short review is a frustrating task. It isa 
compendium of modern methods of 
studying diazotrophy and, as most readers 
will know, it is largely new (or improved) 
techniques which have permitted the 
spectacular advances of the past few 
decades. 

First, a brief survey of its authors and 
scope. Dalton describes techniques for the 
culture of nitrogen-fixing bacteria; 
Bergersen discusses direct nitrogen 
analyses (for example Kjeldahl, '°N,); 
Turner and Gibson deal with indirect 
assays of diazotrophy (acetylene 
reduction, hydrogen evolution); Gibson 
copes alone with methods for handling 
legumes in a laboratory or glasshouse; 
Bond and Wheeler give details for 
examining actinorhizal symbioses. 

More biochemically, Eady 
comprehensively surveys methods of 
extracting, purifying and studying 
nitrogenase; Appleby and Bergersen deal 
with leghaemoglobins; Farnden and 
Robertson attempt, with considerable 
success, the almost impossible task of 
deciding what enzymes are metabolically 
related to nitrogenase, and tell how to 
handle them — they give priority to plant 
enzymes. Schwinghamer and Dudman 
then make a somewhat discursive job of 
‘*methods for identifying strains of 
diazotroph’’, straying rather often from 
true practicality and regrettably 
concerning themselves almost exclusively 
with rhizobia. In contrast, Cannon’s terse 
chapter on everything you need to know to 
study the genetics of diazotrophs is a 
masterly laboratory manual in itself. 

Brockwell’s wide experience informs his 
chapter on crop and pasture legumes, 
which takes the reader out into the field; a 
comparable authority pervades 
Thompson’s chapter on legume 
inoculants. Dobereiner describes the 
relatively new if controversial area of 
diazotrophic associations involving grasses 
and grain crops — her account of the 
much-criticized excised root acetylene 
assay, as well as other techniques, is useful 
and balanced. Knowles’s chapter on plant 
communities and soils extends coverage to 
natural ecosystems; finally, Stewart 
presents a synoptic view of the cyano- 
bacteria and their associates, detailed and 
down to earth on the free-living types, less 
practical on the symbioses. 

With such broad coverage some defects 
are inevitable and I must mention a few. 
Someone ought to have warned about the 
hazards of ‘‘ghosts’’, those bacteria which 
scavenge atmospheric fixed N (NH, or 


NO, ) and so simulate diazotrophs, for they 
are still responsible for occasional false 
reports of diazotrophy. Bergersen should 
have mentioned the use of ammonia elec- 
trodes, and also warned researchers not to 
smoke, sweat or permit reagent ammonia 
in the room (or work near stables!) when 
doing Kjeldahl analyses. Thompson ought 
to have warned of the inherent error of 
Petroff—Hauser chambers (they over- 
estimate). Indeed, enumeration of 
diazotrophs can be tricky and it is 
inadequately discussed. Dobereiner 
considers the enumeration of some, but the 
topic ought surely to have been in Dalton’s 
brief. Dalton also omitted the important 
problem of colonial multimorphism in 
putatively pure strains of rhizobia: Dr 
Elkan has shown that they can have 
different phenotypes and require special 
detergent media to be seen. Finally, despite 
its use in California, I question Farnden 
and Robertson’s recommendation of a 
tritium exchange to assay uptake hydro- 
genases: tritium uptake is more sensitive 
and theoretically sounder. 

No doubt other criticisms could be 
made, but they all become trivial in the 
context of the excellence of the book as a 
whole. Dr Bergersen is to be congratulated 
on choosing authors with direct, practical 
experience of their subjects and ability to 
communicate that experience to the reader. 
The information in this book will have a 
very much longer half-life than that in most 
of the more theoretical books and the 
symposia on diazotrophy which are now 
being published with such regularity. This 
one is essential for any laboratory teaching 
or researching in this area and even 
experienced research workers will benefit 
from dipping into it. g 





John Postgate is Professor of Microbiology at 
the University of Sussex and Director of the 
Agricultural Research Council’s Unit of 
Nitrogen Fixation. 


T-cell controversies 
Werner Haas 


Regulatory T Lymphocytes. Edited by 
Benvenuto Pernis and Henry J. Vogel. 
Pp.449. ISBN 0-12-551860-9. (Academic: 


1980.) $47.50, £26.50. 





THis collection of papers and review 
articles about suppressor (T,) and helper 
(T,,) T cells was written by a group of 
experts, mainly from the USA, who met in 
June 1979 at Columbia University. The 
majority of findings described are poorly 
understood and controversial; they will 
challenge the expert and confuse the non- 
expert. 












S -and macrophages expressing Ia antigens 
‘when encountered by the T cells in early 
“differentiation. Confirmatory and contra- 

dictory experiments are discussed by Pierce 
-and Kapp, by Mitchison and by Marrack et 
al. Amore detailed analysis of regulatory T 
cells requires in vitro experiments. As yet, 
informative data are rare, but there are 
some studies in the right direction — 
‘selection in long-term cultures (Augustin ef 
al.) and limiting dilution analysis of 
specific T,, (Zauderer ef a/.), and isolation 
of a T, clone (Cantor and Gershon) are 
discussed here. Current experiments 
concerned with the serology and bio- 
chemistry of antigen-specific T cell 
-yeceptors and factors are referred to in 
several articles and some details are 
-described by Cramer and Krawinkel, 
_ Goodman et al. and Geha. Melchers and 
“MeDevitt present a clearly written, 


comprehensive review on the selective 
expression of Ia antigens by T cells. 
Functionally distinct human and murine T 










cell subsets identified by a variety of 
antisera and monoclonal antibodies 
_ feature in papers by Micklem ef al., 
> Friedman er al. and Reinherz and 
< Schlossmann; identification of subsets by 
red cells coated with different classes of 
-antibodies is considered by Fauci and by 


in icating that Ta interact only with B cells work, prese 





resented or reviewed by Fauciefal., 
Siegal and Siegal, and Waldmann et al., 
suggests that a variety of human diseases 
are associated with or caused by various 
forms of ‘‘disordered immunoregu- 
lation”. 

There is general acceptance of Jerne’s 
notion that antigen-specific receptors must 
be the primary target of any specific 
regulatory mechanism in the immune 
system. This experimentally demanding 
issue is considered in more detail in articles 
on idiotype-specific T, by Bona and Paul 
and Tą by Eichmann and Simon, Ig 
dependent T,, by Janeway et al., allotype 
suppression by Tokuhisa ef al. and T cell 
mediation of resistance to graft versus host 
disease by Wilson ef al. Finally, 
Herzenberg and colleagues demonstrate 
how to express complex ideas in clear 
drawings. 

The book will be a disappointment to 
readers who expect more definitive reports 
on the various types of T,, and T,, H-2 
restriction of Ts, inducer cells and 
feedback inhibition, regulation of 
cytotoxic T cell responses or on the various 
types of T cell factors inducing lymphocyte 
proliferation and/or differentiation. s 





Werner Haas is at the Basel Institute for 
immunology. 


Unconscious pretension in psychology 


l Stuart Sutherland. 


The Psychobiology of Consciousness. 

Edited by Julian M. Davidson and Richard 

-J. Davidson. Pp.489. ISBN 0-306-40138- 
X. (Plenum: 1980.) $32.50, £20.48. 


< ONE of the most significant changes in 





ie -psychology over the past two decades is 


-that consciousness has become respectable. 
Several separate developments have 
brought it back to fashion, including the 
realization that behaviourism can offer no 
explanation for many actions, the 
development of computer simulation as a 
method for modelling complex thought 
processes, the increasing interest in 
Western society in attaining ‘‘altered states 
of consciousness’’ either through 
psychotropic drugs or by meditative 
practices, and the discovery of many 
-different transmitter substances that are 
involved in the regulation of mood. It is 
with the latter two themes that The 
Psychobiology of Consciousness is mainly 
concerned. 

The field appears to be in such chaos that 
the attempt to think about it has reduced 


-= the book’s 15 contributors to incoherence. 


<- Their strenuous efforts to resuscitate the 


os shade of Titchener by recording and 


_ classifying states of consciousness, both 


<C o normal and abnormal, have met with no 


success. The few interesting new findings 


they present have little unity. Typical 
examples of such isolated discoveries are 
that since large quantities of marijuana 
usually have little effect on novices, new 
users of the drug have to learn how to 
become ‘‘stoned’’, and that there is a 
tendency to look to the right (which may 
mean that the left hemisphere is being used) 
when thinking verbally, and to the left 
when working out spatial problems, 
Perhaps of more significance are some 
recent studies of temporal lobe epilepsy. 
Synchronous spiking of nerve firing within 
the temporal lobe can be accompanied by 
feelings of ecstasy, religious awe and 
extreme kindness, and it is usually 
associated both with a lack of interest in sex 
and with the absence of any form of 
addiction. Treatment of the spike focus to 
eliminate the hypersynchrony often alters 
the epileptic’s personality for the worse. 
His irritability increases, and he may 
become unhappy: he regains an interest in 
sex, but usually loses his religious 
preoccupations. Although A.J. Mandel 
does not go so far as to allege that St Paul 
had a seizure on the road to Damascus, he 
does argue that ecstasy is normally 
accompanied by hypersynchronous 
discharge in the limbic system excluding the 
amygdala and that the prolonged state of 
saintly kindliness that ensues depends upon 






i : ieralizing f 
epileptics to ne rmal since there must be 
something abnormal in the epileptic brain 
to cause the discharge in the first place. 

In the absence of interesting new results 
to report, most of the contributors resort to 
the banal. It is no surprise that the brain 
waves produced in transcendental 
meditation resemble those in sleep or that 
they cannot be distinguished from those 
occurring when listening to soft music or 
during progressive relaxation. Nor is it 
particularly revealing that Italians asked to 
endure high levels of shock are sensible 
enough to call off the experiment sooner 
than do Yankee Protestants. 

Much of the theorizing is at the same 
level of banality. C. E. Izard cHes with 
approval W. Charlesworth’s opinion, 
doubtless reached after years of wrestling 
with the problem, that “‘surprise is a 
misexpected object or event”, whilst Karl 
Pribram, in one of the few intelligible 
sentences in his chapter, enlightens the 
ignorant reader with the news that 
‘“*Science pursues knowledge by 
observation and experiment’. 

Most of the book’s theorizing is so non- 
sensical that it is impossible to describe. Its 
level may be gauged by the following 
quotation from the chapter by R. J. 
Davidson, one of the editors: 

The term ‘unconscious’ is here being 
used... (1) to refer to mental 
structures... which contour and 
transform both exogenous (from the 
environment) as well as endogenous (from 
within the person . . . ) information, and 

(2) to refer to processing activity, action 

. and/or information transmission in the 
nervous system which proceeds in the 
absence of conscious awareness . . .. The 

first usage makes reference to internal 
mental (i.e. biocognitive) structures .. . 

The second usage is concerned with 
observable behaviour (either directly or 
indirectly) of which the subject is unaware. 

One cannot evaluate Dr Davidson’s claim 
to have uncovered two kinds of 
unconscious process, since he is clearly 
unable to put the difference into words: 
nor does he explain what is meant by 
“observable behaviour of which the 
subject is unaware”. In an equally silly 
chapter, Pribram argues that 
‘‘feedforward’’ operations require 
consciousness: the reader who wants to 
know what feedforward is learns that it is 
‘‘feedbacks joined into parallel 





processes’’. 
Much of the book — and all of its 
theoretical sections — is a farrago of 


pretentious rubbish; it is atrociously 
written, with the usual attempt to make 
commonplace ideas sound important by 
the introduction of neologisms. In short, 
the book is a disgrace to the publishers, the 
editors and the contributors. m 





Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition at the 
University of Sussex. 
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Tenth birthday for the environment 


1982 will be a red-letter year in the history of the United Nations 
Environmental Programme, for then the newest of the United 
Nations agencies 1s planning to celebrate the tenth anniversary of 
its foundation, at the United Nations Conference on the 
Environment ın Stockholm The meeting of the agency’s 
governing council planned to open on 13 May ın Nairobi will be 
asked formally to approve the plans that have been laid to 
celebrate the occasion There1s, for example, to bea ‘‘session of a 
special character’’, a week-long occasion for mutual 
congratulation and exhortation, sandwiched into the normal 
proceedings in 1982 For this jamboree, nations which are not 
members of UNEP itself will be invited to attend, the only 
necessary qualification 1s that they should be members of some 
other United Nations agency or of the International Atomic 
Energy Agency Those arriving in Natrob11n 1982 will be provided 
with a ‘60-70 page report” by the executive director, dealing 
with past and future environmental challenges, together with the 
annual document ın which the agency spells out its estimate of the 
then ‘‘state of the environment” The meeting of the governing 
council next month will be asked to approve an outline of these 
documents and also a budget for the ‘‘session of a ‘special 
character” which amounts to $442,000, including $163,000 by 
way of fees to the consultants who will be asked to prepare the 
special documents It will be interesting to see how many of the 
delegates in May consider that, at something like $2,500 a page, 
the cost may be excessive 

Compared with some other United Nations agencies, UNEP 1s 
neither ostentatiously extravagant nor obviously bigger than ıt 
needs to be The agency rubs along on a mere $5 million a year, 
spending perhaps twice as much on specific programmes to which 
member states contributes separately and voluntarily Plainly itis 
not living off the hog, while it 1s not outrageous, at least by the 
standards set by other international organizations, that ıt should 
spend the best part of $500,000 on a self-congratulatory 
conference a year from now The more important question, which 
the delegates to Nairobi should ask themselves ın May, ıs whether 
they should not spend their ‘‘sesston of a special character” the 
following year considering whether their agency 1s pointed in the 
right direction . 

The most serious danger, clearly apparent in Stockholm ın 
1972, was that the agency might be allowed to tackle the variety of 
insoluble problems on which the founding fathers had set their 
hearts That, fortunately, has been avoided, chiefly because 
governments were unwilling to provide the necessary funds Since 
then, the agency has made its way in the world with a number of 
good works of a more unspectacular kind It has helped to bring 
the convention on Pollution in the Mediterranean into being — 
and in the past few weeks has been seeking to do the same for the 
Caribbean (see p 622) It has competently taken over from the 
headquarters in New York the management of the United Nations 
committee on nuclear radiation 

Only in two respects can it be seriously faulted Over the years, 
the agency has taken the view that a large part of 1ts objective 
should be to ‘‘raise the consciousness’’ of member governments 
on environmental matters, which is entirely proper But in doing 
so, the agency has taken to using the rhetoric of the extremists ın 
the environmental movement A simple booklet, published the 
other day and consisting of a reprint of the Stockholm 
Declaration and related documents, 1s loosely and unnecessarily 
called ‘‘In defence of the Earth” And, in attempting to draw 
attention to environmental problems, the agency has often fallen 


into the trap of dramatizing them A session of a special character 
in 1982 might usefully try to bring the agency back to earth ın these 
respects At the same time, UNEP could usefully be pointed in the 
direction of tasks that need to be carried out, and which are 
squarely within the terms of reference with which ıt was blessed at 
Stockholm All member states, but developing countries in 
particular, are much ın need of some way of ordering priorities in 
the commitment of resources to the improvement of the 
environment UNEP could usefully shoulder these simple tasks, 
and earn itself a reputation in the process 


Going private 


Under what circumstances can a research laboratory 
established under the wing of a protective government be 
legitimately turned into a private enterprise? Since its election 
nearly two years ago, the British government has been doing what 
ıt can to sell off assets which ıt has accumulated, sometimes by 
accident A large block of shares m British Petroleum, the oil 
company, has already been disposed of, as well as 49 per cent of 
the shares in British Aerospace, a conglomerate of miscellaneous 
manufacturing concerns In due course, the government also 
plans to sell off enterprises such as Cable and Wireless, the 
publicly owned international telecommunications concern The 
chief objective of these sales of public assets 1s to raise cash that 
can be used to span the annual gap between government 
expenditure and revenue — and it ıs an open secret that the 
government 1s disappointed that “privatization” (as the jargon 
has it) has so far accomplished so little Partly as a consequence, 
but also because the government is rightly persuaded that the 
strength of the civil service should be reduced, attention has now 
turned to the conversion of public laboratories into private 
enterprises of various kinds. The immediate danger ıs that the 
government may not be able to distinguish between the shedding 
of alaboratory and the shedding to the stock market of the public 
interest ın a block of shares in some enterprise whose management 
is otherwise unchanged. 

Several public laboratories are in various stages of being turned 
out into the private sector The simplest case ıs that of the 
Radiochemical Centre at Amersham ın Buckinghamshire, which 
supplies radioactive isotopes and chemicals containing them to an 
impressive array of customers throughout the world. Technically, 
the centre is constituted as a limited company, the shares in which 
are held by the UK Atomic Energy Authority, acting as a kind of 
public trustee The 1,500 or so employees are not civil servants in 
the strict sense. The enterprise makes a tidy profit (nearly £1.5 
million ın 1979-1980), and has a marketable record of growth 
over the past decade Although potential purchasers will be 
disappointed that the profit ıs merely 3 5 per cent of the turnover, 
there is every chance that this sound business could be sold as a 
going concern without interfering in the short run with the 
management of the laboratory The government’s chief concern, 
when ıt invites tenders for the centre a year or so from nov, 18 
likely simply to be that the Radiochemical Centre ıs not snapped 
up by some unwelcome bidder Privatization will be found to 
have been painless i 

The other laboratories on whose disposal the government has 
set its heart will not be as simply turned out into thecold The chief 
of them 1s the Hydraulics Research Station, which has over several 
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years acquired an enviable reputation for model studies of 
hydraulic projects, many of them overseas (see Nature 9 April, 
p 438) Over the years, successive governments have expected 
different things of the laboratory Sometimes the laboratory has 
acted as a hidden subsidy of the export trade Now, with the 
doctrine that those who call the tune should pay the piper 
sweeping through Whitehall, it 1s natural enough that this 
laboratory should find itself one of the first on the edge of 
unfamiliar and apparently hostile territory The laboratory will 
not, however, be the last to find itself in this position 

The most serious doubt about the government’s intentions 
concerns the prospectus which the staff at the laboratory 1s being 
offered The assumption seems to be that ıf the laboratory were 
established as a private company, ıt would be able to make its way 
in the world by selling its services to those who use them now The 
most obvious difficulty 1s that the fees which have been charged 
to, say, construction companies looking for technical appraisals 
of proposed designs have not fully covered the overhead cost, and 
expecially the cost of long-term research Those working at the 
laboratory, and the Institute of Professional Civil Servants which 
represents the scientists among them, are naturally acutely aware 
of the risks they are being asked to run The government seems so 
far to have failed to still their recalcitrance 

The underlying difficulty 1s that there ıs a genuine conflict of 
interest between the government and the staff at the laboratory 
The government, in its role as employer, most probably 
adequately represents the national interest ın holding that applied 
research laboratories providing a service for customers need not 
be a part of the public service But those who work ın these 
laboratories and who have become accustomed to the apparent 
but often illusory benefits of being civil servants cannot be 
expected spontaneously to subordinate their personal interests to 
the greater good The most immediate fear, at the Hydraulics 
Research Station but also in other laboratories where 
privatization threatens, 1s that the private enterprise will not need, 
or will not be able to afford, all the staff now working for them 
Another problem ıs that public servants, unlike employees in 
private concerns, know in advance what their financial prospects 
are The government cannot hope without trouble to spin off this 
or any other laboratory without compensating those directly 
concerned for the risks they areexpectedtorun Thereshould bea 
generous promise of support, over a period of some years, for the 
core of basicresearch essential to commercial success To meet the 
proper fear of redundancy, the government should undertake 
that members of staff at the laboratory will not in, say, the next 
seven years be worse off than 1f they had remained ın the public 
service And, to sweeten the pill, arrangements should be made 
that, in the immediate future, members of the staff should 
actually be a little better off For if the objective is to wean public 
servants to life in the commercial world, 1s ıt not in everybody’s 
interest that they should be helped to appreciate the benefits of an 
equitable bargain? 


Supersonic scandal 


Ironically, the successful landing of the United States shuttle in 
the Mojave Desert last week coincided with the publication in 
Britain of a powerful economic case against the supersonic 
Concorde aircraft At this stage, the shuttle is far from being an 
economic proposition The cost of development (nearly $10,000 
millon) ıs already substantial, ıt 1s unlikely that the National 
Aeronautics and Space Administration will seek to recover any 
substantial part of this in the charges made to the ultimate users of 
the spacecraft and, of course, unforeseen snags may add still 
further to the cost of the whole development programme But the 
shuttle has promise, and probably a future Concorde, by 
contrast, 1s a technological project with a past but no future The 
House of Commons Industry and Trade Committee last week 
published figures showing that Concorde 1s at present 
uneconomic and likely to become even more of a drain on the 


financial resources of its operator, British Airways, as fuel costs 
increase When the British government is skimping on public 
expenditure in all its works, Concorde’s capacity to keep flying 
must be an open and urgent question 

Since its inception in 1962, the Concorde project has been an 
assault on economic reality The then Mr Peter Thorneycroft 
(now Lord Thorneycroft and chairman of the British 
Conservative Party), as a member of a British government seeking 
entry to the European Community, seems to have persuaded 
himself that an Anglo-French collaboration on the development 
of a supersonic aircraft would have political advantages 
outweighing the economic costs of the enterprise In the event, 
Concorde did not overcome General de Gaulle’s objections to 
British membership, but it was left toa later British government to 
discover that the Anglo-French agreement about Concorde was 
legally indissoluble Technically, the promise of the aircraft was 
always limited Concorde was conceived of as a first modest 
venture into the supersonic regime for a passenger aircraft Asan 
economic propositon, 1t was too small and too slow Optimists, 
two decades ago, brushed aside these faults by saying that the first 
Concorde would quickly be followed by other economic aircraft 
In the event, there have been no successors — or even serious 
suggestions that there should be The British and French 
governments have between them spent £1,200 milhon on the 
development of this first aircraft, and yet must continue to 
subsidize their nationalized airlines to keep Concorde ın the air 

The cost of keeping the aircraft ın the arr 1s still substantial 
Both airlines have been forgiven the cost of developing the 
aircraft, and British Airways has also been forgiven the £160 
milion cost of buying six aircraft (one of which is now out of 
service) Yet even though the cost of a seat on Concorde 1s 20 per 
cent more than the cost of a first-class fare on a conventional 
aircraft travelling the same route, British Airways 1s able to come 
within sight of breaking even only on the route between London 
and New York On the whole of its Concorde operations, the 
airline reckons that ıt will have to spend £65 million more than ıt 
earns from them in the next five years The aurline told the 
committee that some advantages accrue to ıt from being seen to 
have a continuing interest ın supersonic flight, a calculation of the 
intangible that does not apparently prevent British Airways 
asking the British government for an annual subsidy for its 
Concorde operations The committee concludes that the case for 
Concorde ıs so shaky that there should be commissioned an 
independent financial investigation of the continued operation of 
the aircraft The surprise ıs merely that the committee did not 
recommend, on the evidence that ıt had gathered, that the airline 
should turn its back on Concorde before more money has been 
wasted on the enterprise Why should taxpayers, or other airline 
users, continue to subsidize an enterprise without financial or 
technological promise? 

The issue 1s deeper than that of how a nationalized airline 
manages its internal affairs To the extent that supersonic 
aircraft, Concorde in particular, have become identified ın the 
public mind with the process of innovation, the continued 
operation of a tiny fleet of loss-making aircraft can only injure the 
reputation of technology asa whole The figures assembled by the 
Commons committee show that the average cost of carrying a 
passenger from London to New York by Concorde (£543) 1s more 
than three times the corresponding cost by conventional wide- 
bodied aircraft Although a substantial part of the extra cost is 
that of fuel — in a sense, bad luck — the poor utilization of the 
aircraft (on average, 2 6 hours a day) and the high cost of 
persuading people to buy tickets on the machine also help to make 
Concorde operate in the red These extra costs will hang hke an 
albatross around the neck of British Airways for as long as ıt 
persists in flying an uneconomic supersonic aircraft across the 
Atlantic For as long, British taxpayers will be asking what the 
British government can intend by exhorting everybody in sight to 
productive industrial innovation when it chooses to spend part of 
its income from taxation on an unproductive innovation such as 
Concorde The enterprise, wrongly conceived twenty years ago, 
should now be brought speedily to an end 


Se ere 
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Telecommunications monopoly eroded? 


Profiting from 
leased lines 
made seemly 


The most serious challenge yet to the 
British telecommunications monopoly 
came last week in a recipe for permitting 
outside access to the public network. A 
report by Professor Michael Beesley, 
Liberalization of the use of British 
Telecommunications Network, commis- 
sioned by the Department of Industry, 
argues that private persons and companies 
should in future be allowed to set up 
separate networks but also to market tele- 
communications services based on circuits 
rented from British Telecom. 

In passing, the report provides a unique 
account of competition between telephone 
monopolies and those who use their 
circuits for marketing private services, 
notably in the United States. Thus MCI 
Inc., one of the survivors of the companies 
set up in the 1960s to provide data trans- 
mission services using lines leased from 
AT&T (the telephone company), told 
Beesley that 91 per cent of its business now 
stems from voice and not digital 
transmission. 

In principle, the Beesley report is 
intended to allow the British government to 
fill in some gaps in the Telecommunica- 
tions Bill, still being discussed in the House 
of Commons. When the bill was published 
last October, the Department of Industry 
promised that provision would be made for 
private interests to lease lines from British 
Telecom, reselling the services thus made 
possible. In practice, opposition from 
British Telecom — and the sheer un- 
familiarity of the Beesley proposals on the 
British scene -—- may postpone these 
developments. 

Jargon for these services is VANS, or 
“value added network services’’. Beesley 
concludes that in the domestic British 
market there should be no restriction on 
the use made of British Telecom circuits by 
those who rent them. British Telecom, the 
report says, should be required to publish 
the costs of renting circuits of different 
kinds, and the charges made should be 
unrelated to the proposed uses. (British 
Telecom’s proposal that it should charge 
royalties on VANS is rejected.) British 
Telecom itself should be free to compete in 
fields such as data transmission. 
Ultimately, Beesley argues, liberalization 
of the monopoly should be extended to the 
international market. 

The crux of the report is Beesley’s 
rejection of the British Telecom protest 
that liberalization would allow private 
users to ‘skim the cream’’ off its 


telecommunications market. British 
Telecom itself has estimated that 
unrestricted use of its domestic circuits 
would lead to revenue losses of between £30 
million and £110 million, and that one 
consequence would be slower development 
of the telecommunications network in 
Britain. Beesley doubts the arithmetic 
(which implies a faster growth of VANS 
services in Britain than in the United 
States), says that the public monopoly 
could safeguard its position by adjusting 
tariffs more accurately to costs and argues 
that the partitioning of the telecommunica- 
tions market is not, in any case, a ‘“‘zero- 
sum game’’. The sale of VANS would 
increase the amount of business to be 
shared by British Telecom and those selling 
services based on leased circuits. 


As yet, Beesley finds, there is no clear 
pattern of how British private users would 
exploit the freedom to use British Telecom 
circuits. The most obvious starting point 
would be the provision of long-distance 
telephone services, perhaps of lesser 
quality, more cheaply than British 
Telecom. But several organizations with 
existing private networks — one of them 
the nationalized industry British Rail — 
have ambitions to make more use of their 
existing telecommunications networks. 

Although the Department of Industry, 
the department responsible for tele- 
communications, favours the principles 
underlying Beesley, the process of 
consultation is expected to take several 
months. Political and trade union 
opposition is likely to be fierce. 





Postgraduate medical schools in danger 


The University of London’s 
postgraduate medical schools may be the 
first British academic institutions to bite 
the dust in the wake of government 
cutbacks in funds for higher education. A 
meeting between their representatives, 
Lord Annan (the vice-chancellor), the 
Secretary of State for Education and 
Science and the Health Minister, before 
Easter, did not secure more cash but did, 
apparently, convince the government of a 
problem that it had not known existed. 

Atrisk are the 13 members of the British 
Postgraduate Medical Federation and two 
unassociated schools, the Royal 
Postgraduate Medical School and the 
London School of Hygiene and Tropical 
Medicine. Their problems began last 
October, when government support for 
new overseas students was cut. The 
decision that such students should pay 
‘feconomic’’ fees has since been 
exacerbated by reductions of central funds 
for universities. 

The members of the British federation, 
with 44 per cent of their students coming 
from overseas, decided to charge the 
minimum recommended fee of £5,000 even 
though their average costs are considerably 
more. A further problem is that a fair 
proportion of their students are salaried 
staff whose fees are waived, for which the 
schools now receive no offsetting 
compensation. The result is a substantial 
deficit which this academic year the 
federation may just be able to balance with 
help from central funds. 

The fear now is that matters will get 
worse. The intake of overseas students is 
expected to fall considerably next October. 
Already several governments, in particular 
those of Malaysia and Hong Kong which 
traditionally send many medically 
qualified students to study in Britain, have 
said that in future they will be sending 
students to cheaper universities in other 
countries. If the expected shortfall 
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materializes, some of the federation’s 
institutes may find themselves almost 
bankrupt by the end of the 1981-82 
academic year. 

That, according to Mr D. Innes Williams 
of the British federation, would have 
‘disastrous consequences’ for teaching 
and for London’s health services. Most 
teaching and research would have to stop 
and the clinical staff would be absorbed 
into hospitals. One possibility, that could 
keep the institutes functioning although 
crippled, would be that the government 
should make up the costs after fees from 
overseas students have been deducted. 

Another possibility, is that some of the 
smaller institutes could become depart- 
ments of the major teaching hospitals, 
Discussions to incorporate the Institute of 
Dermatology into St Thomas’s Hospital 
are already under way. The larger 
institutes, however, are hoping to manage 
on their own. 

Although there are many similarities, 
each institute seems to have its own 
peculiar problems. The Institute of Basic 
Medical Sciences, for example, is 
‘considering merging with the Royal 
College of Surgeons, which would have to 
put up considerable funds to bail it out of 
its present difficulties. 

The Institute of Cancer Research, which 
is affiliated to the university but receives no 
funds from it, is suffering not so much 
from the shortfall in overseas students as 
from a decision taken in 1977 by the 
Medical Research Council and the Cancer 
Research Campaign, which provide H with 
the bulk of its funds, to reduce their block 
grant. The institute is now in the position of 
having spent most of its reserves to make 
up the deficit and of having its block grant 
cut even further a year from now. Plans are 
already under way to persuade staff to 
retire early. Teaching may be cut in order to 
retain an adequate research base. 

Judy Redfearn 
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Environmental asbestos 


Dispute on levels 


Brussels 

The European Commission’s proposed 
directives on asbestos have come under 
attack -from all sides. Many of the 
criticisms put forward by the European 
Parliament and environmental groups 
relate to the tougher restrictions on 
crocidolite (blue asbestos) than those for 
chrysolite (white asbestos). The dispute 
highlights the present uncertainty as to 
what can be considered a ‘‘safe’’ exposure 
to asbestos fibres. 

Following the adoption of a framework 
directive on asbestos in 1976, the 
Commission has been working on four 
implementing directives. Two have already 
been put forward: one on the marketing 
and use of certain dangerous substances 
and preparations; and the other dealing 
with the protection of workers from 
occupational! exposure to asbestos. 

The draft directive on marketing would 
ban crocidolite except in the manufacture 
of asbestos cement pipes, acid-resisting 
seals, gaskets and gland packings. The 
marketing and use of chrysolite and other 
asbestos fibres would be banned for 
thermal and acoustic insulation, air 
filtering and roadway surfacing unless 
“the harmful use of fibres is prevented’’. 

The directive on occupational exposure 
has provoked the greatest discussion. 
This sets limits on the concentration 
of asbestos fibres in the air, together with 
a ban on asbestos spraying, access restrictions, 
the keeping of health records and a 
commitment to introducing suitable 
substitutes as soon as these are available. 

The Commission’s proposal assumes 
that crocidolite is five times more 
dangerous than other types of asbestos. 
The maximum concentration allowable for 
crocidolite is 0.2 fibres per millilitre of air, 
compared with 1 fibre per millilitre for all 
other types. 

Evidence presented at a recent 
international symposium on the biological 
effects of mineral fibres supports the 
Commission’s position. Although earlier 
research with animals had shown that 
fibres of the same length and diameter 
cause the same number of mesotheliomas 
in the lung, more recent research suggests 
that human lungs react differently to 
different types of asbestos. Chrysolite 
enters the human lung less easily than 
crocidolite and clears more rapidly. 

Some members of the European 
Parliament’s Environment and Public 
Health Committee feel the evidence is 
inconclusive, and others feel it is confusing 
to have two different limit values. The 
Commission thinks that if a single limit 
value were to be adopted, it should beat the 
lower level of 0.2 fibres until further 
research is carried out. But other 
committee members favour using the 
upper leve! of 1.0 fibres. Jasper Becker 





Spinning off research 


Further reductions in the scale of in- 
house research carried out within the 
British Department of Defence are 
promised in the annual ‘‘Statement of the 
Defence Estimates’’, published last 
week. In a brief section on research, the 
white paper says that, in the years ahead, 
further efforts will be made to place 
design and development contracts with 
industrial companies. 

This policy, recommended in a study 
begun in 1979 under Lord Strathcona, 
Minister of State at the Department of 
Defence, also recommended that private 
industry should be given (on a contract 
basis) more responsibility for the 
provision of technical and other services 
to the British defence research 
establishments. The white paper records 
with pride a 15 per cent reduction of 
research manpower between 1974 and 
1980, one third of this in the last two years 
of the period. 

At the same time, the ministry is 
planning to switch resources within its 
research establishments to long-range 
studies of various kinds. It cites as one 
promising field of research a programme 
now under way to develop and anti-tank 
weapon in which a single projectile will 
release a clutch of separate missiles 
independently guided (with the help of 
microprocessors) towards separate tanks. 





























Space shuttle 
Bonding problems 


Washington 

As the US space shuttle achieved its first 
orbita! test flight last week, the National 
Aeronautics and Space Administration 
(NASA) was working on proposals for an 
alternative thermal protection system 
involving large carbon/carbon panels 
rather than the ceramic tiles used so far. 

The tiling system has been the Achilles’ 
heel of the whole shuttle programme. 
Difficulty in fixing the tiles securely to the 
aluminium skin of the orbiter was largely 
responsible for the two-year delay — and 
corresponding cost overruns — in the first 
launch, and the problems are still not 
solved. 

During last week’s flight, seventeen of 
the protective tiles covering the engine 
housing on the upper surface of the shuttle 
became partially or totally unstuck during 
the launch. NASA maintained optimism, 
saying that none of the more important 
tiles on the bottom of the shuttle had been 
damaged, and fortunately this optimism 
proved justified when the shuttle returned 
safely to Earth. 

The problems that have plagued the 
development of the present heat protection 
system — which requires 31,000 tiles, each 
between six and eight inches square, to 
cover 70 per cent of the spacecraft’s surface 
— have recently led the space agency to 





Shuttle tiles, a sticky problem 


look closely at different systems which 
might by used for future orbiters. 

During re-entry, the wing tips and 
bottom surfaces of the shuttle are required 
to withstand temperatures of up to 
1,370°C. In missiles and other 
conventional spacecraft, such tempera- 
tures have been tolerated by the use of an 
ablative heat shield which burns away 
during the heating; but as the space shuttle 
depencs for its cost-effectiveness on 
reusability, a different solution had to be 
found. 

Using what was the most advanced 
technology in the early 1970s, the shielding 
was designed to be provided by tiles of low- 
density high-purity silica fibre — some- 
times referred to as ‘‘foamed glass” — 
made rigid by ceramic bonding. There are 
about 20,000 of these tiles on the bottom of 
the Columbia, the average size being about 
six inches square, and the thickness varying 
between 0.5 and 3.5 inches. 

Each tile is bonded to a pad made of 
Nomex felt, and the total composite skin 
can heat up without placing stress on the 
silica, which is relatively easy to repair. 

The ceramic tiles have the disadvan- 
tages, however, of being both brittle and 
not very strong. Furthermore, the 
aerodynamic stresses on the surface which 
tend to pull the tiles from the felt which 
binds them to the shuttle skin had been 
underestimated — whereas the bonding 
had originally been required to withstand 
pressures of up to seven pounds a square 
inch, in practice the stresses turned out to 
be twice as high. 

The situation became particularly em- 
barrassing when some temporary tiles were 
lost during the shuttle’s transportation 
flight from California to the launch site in 
Florida two years ago. And subsequent 
weaknesses revealed by an intensive 
programme of ‘‘pull-testing’’ required a 
lengthy process of densification of many 
thousand tiles before NASA considered 
that they were safe. 

In the light of these difficulties, NASA 
last year awarded a contract to Rockwell 
Corporation Inc. in Downey, California, 
for a study of alternative thermal pro- 
tection systems. Three alternative systems 
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are being studied, each involving a com- 
bination of three different forms of 
protection. For temperatures less than 
540°C, insulation would be provided by 
panels of titanium facing covering an 
insulating honeycomb. In the 540°C to 
980°C range, the same arrangement would 
be used, this time using a superalloy known 
as Inconel 617. 

The most significant change would be in 
the high temperature panels, where heat 
shielding would be achieved by panels of 
reinforced carbon/carbon, up to three feet 
square. Various insulating materials would 
be placed between the shielding and the 
aluminium surface. The panels would be 
mechanically attached to the shuttle, 
avoiding the bonding problem associated 
with the ceramic tiles. Carbon/carbon is 
already used in limited quantities for the 
nose-cap and the leading edges of the 
shuttle’s wings. 

But however the new systems perform, 
there is still the problem of cost to be 
resolved. Moving to a new system would be 


expensive, and NASA may not be able to’ 


afford a switch. David Dickson 


Nuclear reactor safety 


Go for Super-Sara 


Brussels 

The months of deliberation in Brussels 
on the future of the Super-Sara project 
have ended with a decision to press ahead 
on the lines of the Commission’s original 
proposal. The EEC’s joint research centre 
at Ispra in Italy will now be able to start the 
second phase with funds totalling 50 
million European Units of Account 
(£0.54=1 EUA). 

The Super-Sara project will use the 
experimental ESSOR reactor to study loss 
of coolant and other accidents in water 
reactors. More than 200 staff have been left 
in limbo since last November when the 
member states first began to hesitate about 
releasing the bulk of the project’s money. 
In March 1980, 3.31 million EUA was 
granted for feasibility studies after the 
project was agreed in principle. But when it 
came to making available the 40 million 
EUA for the major part of the project, 
Germany and others began to have cold 
feet. The negotiations over the past six 
months left Germany as the only member 
state withholding agreement. Germany has 
now given way to pressure from its partners 
but has insisted that the project be kept 
below its budgetary ceiling. 

However, the European Commission’s 
initial cost projections have had to be 
raised since they were first made last year. 
Automatic salary increases and rising 
equipment costs mean that 64 million EUA 
needs to be set aside to take the project up 
to 1983, when it is due to be reviewed. 

It seems increasingly likely that it will 
overshoot its schedule by as much as two 
years. Jasper Becker 
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Election in Israel 





New deal for science? 


Rehovot 

If, as expected, Labour Party leader 
Shimon Peres becomes Israel’s next Prime 
Minister after the election in June, he will 
be the first man with a good grasp of 
science and technology to hold that office. 
Although not a scientist or engineer 
himself, Peres was responsible for 
initiating many large-scale research and 
development projects undertaken by the 
Ministry of Defence, where he served from 
1952 to 1977, becoming minister in 1974. 


These projects contributed substantially. 


to Israel's military capabilities and also laid 
the groundwork for its sophisticated 
aircraft industry (with a turnover in 1980 of 
$500 million) and for its rapidly developing 
electronics industry. Indeed, a very large 
percentage of Israeli exports based on local 
research (an estimated $1,000 million last 
year) were spin-offs from defence research 
set in motion by Peres. 


Peres, Prime Minister in June? 


Peres has placed heavy emphasis on 
science-related projects in outlining the 
goals of a Labour-led government. There 
are plans for a huge ‘‘science city’’ in the 
Galilee, heavy government subsidies for 
energy research, a continuation of the 
recently inaugurated Mediterranean—Dead 
Sea Canal project for hydrological power 
and, significantly, the establishment of two 
nuclear power stations in the Negev. 

Israel already has two research reactors, 
a 5-MW facility supplied by the United 
States and set up just south of Tel Aviv, 
and a more controversial 24-MW reactor 
from France, located near the Negev town 
of Dimona. But, despite an absolute 
dependence on imported fossil fuel for the 
generation of electricity and the existence 
of the necessary nuclear technology, Israel 
still has no nuclear power stations. 

This anomalous situation arises 
primarily because the United States, the 
most obvious supplier of such power 
stations, is prevented by the Anti- 
Proliferation Act from selling them until 









e 
Kamikaze to Halley 

The European Space Agency (ESA) is 
hoping to enlist the help of the Soviet and 
Japanese space agencies in sending its 
Giotto spacecraft on a kamikaze mission 
to Halley’s comet in 1986. ESA would 
like to send Giotto to within 200 km of the 
comet’s nucleus to observe molecules 
evaporating from it before they 
recombine or are interfered with by the 
solar wind. Initial plans had assumed a 
closest approach of 1,000 km because of 
the difficulties of pinpointing the precise 
position of the comet in advance and 
because of the risk to the spacecraft of 
cometary dust. If Giotto gets within 200 
km of the comet it may manage a couple 
of hours of observation before being 
destroyed. 

Such a close approach can only be 
made, however, with help from the 
Russian space agency which is also 
sending a spacecraft to the comet. The 
hope is that data from the Russian craft, 
due to arrive at the comet four days 
before Giotto, could provide precise 
details of the comet’s whereabouts and 
allow last-minute corrections to Giotto’s 
course. The Russian spacecraft itself will 
not be able to approach nearer than a few 
thousand kilometres to the comet 
nucleus because, unlike Giotto, it lacks a 
dust shield. 

The Japanese space agency will also be 
sending a spacecraft — at 135 kg the 
smallest of the three — to photograph the 
comet in the hydrogen Lyman alpha line. 
The three space agencies are discussing 
how they might exchange data gleaned 
from their separate missions, and next 
summer the three, together with the US 
National Aeronautics and Space 
Administration (NASA), will be meeting 
to discuss a collaborative project between 
all four agencies. Although NASA has no 
mission of its own to Halley’s comet, it is 
organizing a ‘‘Halleywatch’’ which will 
make use of ground as well as space based 
observations. Judy Redfearn 














































Israel signs the nuclear non-proliferation 
agreement and opens its nuclear facilities to 
inspection by the Interndtional Atomic 
Energy Agency. 

It was only after Egypt signed this 
agreement in February that the United 
States agreed to provide that country with 


two nuclear power Stations with a 
combined capacity of 2,000 MW. But 
Peres refuses to say whether a Labour-led 
government will do what all previous 
governments have refused to do, namely 
sign on the dotted line, or, if not, how he 
expects to get the reactors he proposes to 
place in the Negev. 

Peres sees a close link between the 
country’s economic development on the 
one hand and its scientific and 
technological development on the other. 
He accuses the present Begin government 
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of allowing the economy to stagnate and, 
as a result, setting in motion a brain drain 
that has deprived Israel of thousands of 
scientists and engineers. 

But many specific question remain 
unanswered. Will, for instance, Labour 
create a Science Authority or even a 
Ministry of Science to take over from the 
virtually moribund National Council for 
Research and Development? 

Also unclear is the amount of 
government support that can be expected 
for basic research, hitherto dependent on 
overseas grants, and whether there will be 
more funds for universities, which have 
suffered a drop of more than 30 per cent in 
real income over the past few years. 

Peres will say no more than that he plans 
to ‘‘upgrade science, technology and 
education’’. How this will be reflected in 
Labour government budgets remains to be 
seen. Nechemia Meyers 


Caribbean anti-pollution plan 
Jamaican entente 


Montego Bay, Jamaica 

Temporarily forgetting their many 
political and cultural differences, govern- 
ment officials from 23 Caribbean nations 
met in Jamaica recently and agreed on 
guidelines for coordinating efforts to 
minimize the pollution of their seas and 
coastlines. The meeting was the latest in a 
series organized under the Regional Seas 
Programme of the United Nations 
Environment Programme (UNEP), most 
widely publicized of which have been those 
aimed at cleaning up the Mediterranean. 
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The plan of action agreed in Jamaica will 
probably have less immediate impact than 
the Mediterranean agreement, in part 
because the Caribbean is not a completely 
closed sea, and the level of pollution is 
therefore considerably lower. 

Nevertheless, delegates to the Jamaican 
meeting stressed that the prime goal of the 
Caribbean plan should be preventative. 
According to Dr Stepan Keckes, director of 
the UNEP programme, ‘‘the governments 
have decided to tackle marine pollution not 
as a problem in itself but as the con- 
sequence of the problems which lie on the 
land”. 

The principal goal is to integrate 
concerns for the state of the marine 
environment into development plans for 
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the Caribbean region. The four projects 
already selected as being of top priority 
under the action programme include a 
regional oil-spill contingency plan, guide- 
lines for managing watersheds, efforts to 
improve national environmental health 
services and broad measures to improve 
environmental education. 

Relatively little money has been 
promised so far. A trust fund which is 
being set up as part of the action plan failed 
to reach its target of $1.5 million, asa result 
of which UNEP secretary general Mostafa 
Tolba said that his organization would 
contribute an extra $1.38 million. The 
principal donors to the fund have been 
Mexico, Venezuela and France, the first 
two being the main economic forces in the 
Caribbean region. Britain is prepared to 
make a contribution that reflects the 
specific interests of its dependent 
territories in the region (which include 
Antigua and the Caymans) but is unlikely 
to match the $375,000 promised by France. 

UNEP officials, however, as well as 
those from other aid bodies, hope that the 
plan will act as a stimulus for action at a 
national level. Jamaica in particular is 
hoping to take a leading role in 
coordinating development policies in the 


region. Addressing the closing session of 


the meeting, Jamaica’s recently elected 
prime minister, Mr Edward Seaga, said 
that the agreement on marine pollution was 
‘tthe greatest collaborative effort in the 
Caribbean to date, and may be a vanguard 
of future efforts to bond Caribbean 
nations in a common cause” 

Jamaica is to become the base for a 
regional coordinating unit that will be 
established to facilitate the technical 
implementation of the action plan. The 
island has also put in a bid to become the 
home of the international sea-bed 
authority which would result from a 
successful outcome of the Law of the Sea 
negotiations now taking place at the United 
Nations in New York. 

In the long term, the success of the 
Caribbean action plan is likely to depend 
primarily on procedures that individual 
states can be persuaded to adopt to mini- 
mize the sources of marine pollution. A top 
priority is to draw up a draft regional 
convention, and UNEP officials hope that 
a treaty committing countries fo reducing 
sources of potentially damaging pollution 
can be agreed within two years. 

The fate of the plan is also likely to be 
important to UNEP itself. Moves in 
Washington to reduce, or even eliminate, 
the US contribution to UNEP could 
cripple many of its programmes. US 
officials, however, are keen to cement 
political ties in the Caribbean 
particularly with the new Jamaican govern- 
ment — and have indicated that the United 
States might in future be prepared to con- 
tribute to the trust fund. If UNEP can 
prove its value to the United States in the 
region, its medium-term prospects could be 
significantly improved. David Dickson 


Philosophy wrangle 


Doubts persist about academic 
freedom in post-Tito Yugoslavia. Last 
month, the Yugoslav Secretariat for 
Information announced the rein- 
statement of the seven Belgrade pro- 
fessors of philosophy dismissed last 
January for their association during the 
early 1970s with the independent Marxist 
journal Praxis. Apparently the seven are 
to receive new appointments in an 
‘Institute for Social Studies” specially 
created for them. Members of the group, 
however, say that no definite settlement 
has been reached. 

Since Praxis was closed down in 1975, 
and the members of the group were 
suspended on 60 per cent salary, for- 
bidden to teach or to publish within 
Yugoslavia, the authorities have re- 
peatedly tried to persuade them to find 
new posts. 

In June last year, the Serbian republic’s 
law on universities was amended to 
permit dismissal after six month’s sus- 
pension on the grounds of ‘‘damaging 
social interests’’. During the next six 
months, the authorities tried to persuade 
the suspended professors to find jobs. 
Two were even offered non-teaching 
posts within the philosophical faculty of 
Belgrade University, but they replied that 
they could not accept the post unless the 
other five were also reinstated. 

Dismissal became effective in January, 
but the authorities later suggested that 
posts might be found in the Belgrade 
‘Institute of Social Studies” — not part 
of the university but the authorities 
suggested that it could be rapidly 


: converted into one. 


Official plans, it turned out, envisaged 
that three of the group would retire, and 
the other four would be scattered among 
the existing centres of the Institute of 
Social Studies, covering areas such as 
“public opinion” and law. When these 
plans became known to the seven, they 
refused emphatically: they were, they 
said philosophers, and wished to work as 
such, 

The vice-premier of Serbia, Milan 
Dragovic, who was acting as official 
negotiator, had already said that the 
transfer of the Institute for Social Studies 
to the university was nothing to do with 
the seven’s demands, but was something 
that had long been necessary. He also 
conceded that a Centre of Philosophy 
within the institute would be a good idea. 

On 3 April, the acting director of the 
institute, Dr Svetozar Culibrk, called in 
the whole group for talks, the first time 
that the authorities have been willing to 
negotiate with the professors en bloc. Dr 
Culibrk said that he ‘‘liked the idea” of a 
centre and would lay it before the 
institute’s council. The seven are 
understood to be cautiously optimistic. 

Vera Rich 
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CORRESPONDENCE 





Irish evidence 


SIR — Mr Peter H. Roberts's letter (Nature 19 
March, p.184) offers the importation of 
infected Irish cattle as an explanation for the 
fluctuating incidence of bovine tuberculosis in 
the South West region between 1974 and 1980. 
It also says that the Zuckerman report 
carefully avoids this factor. I should like to set 
out the facts. 

Table 10, on page 57 of the report, records 
the ministry’s assessment of the sources of 
bovine tuberculosis infection in all infected 
cattle herds in Great Britain during 1972-1978, 
including imported Irish cattle. The figures for 
the South West and Sussex show 331 cases 
attributed to badgers and 4 (of which 2 were in 
Sussex) to imported Irish cattle. The totals for 
the rest of Great Britain are 0 and 17! 
respectively. It is little wonder therefore that 
Lord Zuckerman did not pursue the Irish 
cattle question when investigating infection in 
badgers in the South West. 

The following breakdown of the figures for 
infection attributed to Irish cattle imports 
further detracts from the force of Mr 
Roberts’s argument 


Great Britain SW England 
1972 89 | 
1973 23 9 
1974 22 0) 
1975 23 () 
i976 23 l 
1977 12 0 
1978 13 0 
TOTAL 175 Ż 


Traditionally the Irish trade has been, and 
still is, mainly with the North-East of England 
and East Scotland. In the 2-year period before 
1976 when, Mr Roberts suggests, cattle 
infected with bovine tuberculosis were 
imported from the Irish Republic, there was 
no increase in disease incidence from this 
source. What the figures do show is the 
effectiveness of the decision to introduce, in 
1976, pre-export testing of Irish cattle, 

W.H.G. REES 
Ministry of Agriculture, Fisheries and Food, 
Tolworth, Surrey, UK 


Who is Nabi? 


Sin — Readers may wish to know that the 
name of Isadore Nabi, the signatory of a 
recent letter criticizing my views on 
sociobiology and ethics (Nature 19 March, 
p.183) is fictitious. Should the writer ever 
make a statement over his own name, I hope 
he will confess that he lifted the two 1975 
phrases of mine out of context in a way that 
reverses the meaning of one and makes it 
appear to contradict the other. I also trust that 
he will mention my later and fuller treatments 
of sociobiology and ethics in On Human 
Nature (1978) and The Tanner Lectures on 
Human Values, Volume I (1980). 
Epwarp O. WILSON 
Museum of Comparative Zoology, 
Harvard University, Massachusetts, USA 
Isadore Nabi is believed to be the pseudonym 
of Professor R.C. Lewontin of Harvard 
-University — Editor, Nature, 









Erratum 
An incorrect spelling was given for the oak wilt 
fungus in the 26 March issue (Nature 290, 
p.284), The organism is Ceratocystis 
| fagacearum and the beetle involved in its 


| transfer is Scolytus. 
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Darwin’s truths 


Sik — The letter from your correspondents at 
the British Museum (Natural History) (Nature 
12 March, p.82) relating to your editorial 
““Darwin’s death at South Kensington” (26 
February, p.735) fully supports your 
contention that something is amiss at that 
institution. The writers do not appear to 
understand the difference between a theory 
and a fact. When Darwin’s Origin of Species 
was published in 1859, it was presented as a 
theory. It was then, and for long afterwards, 
proper to refer to it as ‘‘the theory of 
evolution". But since then the evidence for the 
theory has accumulated from many different 
sources and in many ways, among them 
natural and laboratory experiments. Wherever 
and by whatever means the theory has been 
tested, it has withstood every attempt at 
falsification. 

The atom at the beginning of this century 
was a theory. No one today will doubt that it 
is a fact. Yet no one has ever seen an atom. 
Yet we have seen evolution in pracess before 
our very eyes in heritable changes in many 
forms, perhaps the most remarkable and 
obvious is the well-known case of industrial 
melanism in moths. What kind of proof do the 
South Kensington writers require before they 
will be willing to accept evolution as a fact? 
There are many differing theories concerning 
the mechanisms of evolution, and these are all 
to the good, but the fact of evolution as a 
process of change, surely, cannot be denied. 
The proofs for it are overwhelmingly clear. 

ASHLEY MONTAGU 
Department of Anthropology, 
Princeton University, 
New Jersey, USA 


Sik — lam at a loss to understand what all the 
fuss is about concerning the phrase ‘if the 
theory of evolution is true’’. Darwin used it. I 
quote from Origin of Species: 

‘There is another and allied difficulty 
which is much more serious. allude to the 
manner in which species belonging to 
several of the main divisions of the animal 
kingdom suddenly appear in the lowest 
fossiliferous rocks ... H the theory of 
evolution be true it is indisputable that 
before the lowest Cambrian strata was 
deposited long periods elapsed as long or 
probably far longer then the whole interval 
from the Cambrian to the present day, and 
that during these periods the world 
swarmed with living creatures ... The 
difficulty of assigning any good reason for 
the absence of vast piles of strata rich in 
fossils beneath the Cambrian system is 
very greal.” 

This, coupled with the following quote by Dr 
W.R. Thompson, Fellow of the Royal Society, 
in the foreword of the Origin of Species (1956) 
does nothing to inspire confidence or belief in 
the current theories of how life started or 
progressed on Earth. 

“h does appear to me in the first place 
that Darwin inthe Origin of Species was 
not able to produce palaeontological 
evidence sufficient to prove his views, but 
that the evidence he did produce was 
adverse to them, and I may note that the 
position today is not notably different... 
As we know there is a great divergence of 
opinion among biologists not only about 


the causes of evolution but even about the 
actual process, the divergence exists 
because the evidence is unsatisfactory and 
does not permit any certain conclusions,” 
I am left wondering which theory requires the 
most blind faith. 
GORDON SMITH 
Liverpool, UK 


Room for all 


Sik — At first amused, | am now saddened by 
the "Death of Darwin” controversy (Nature, 
26 February, p.735 et seqg.). We have slipped 
back a hundred years: how long before letters 
signed Wilberforce and Huxley appear? Why 
“‘either~or’’? Why cut off either right or left 
hands? Is there not room for Darwin, Hennig, 
God — and even Marx? 

J.R. BAKER 
Cambridge, UK 


Popper’s philosoph 
pp p pny 
Sir — Accusations that museum displays 
organized in the light of cladistic philosophy 
represent creeping Marxist~Leninism were bad 
enough. But when Nature sees fit to defend 
the scientific status of Darwinism on the 
grounds that ‘‘metaphysical theories are not 
necessarily bad theories’! then matters 
philosophical have truly gotten out of hand. 

it should come as no surprise to those 
familiar with the writings of various cladists 
that the writings of Professor Popper on 
evolutionary theory are held in great esteem. 
After all, he has argued for years that no view 
df history, whether human, biological or 
technological, admits of the classification 
scientific. For Popper the events of history are 
unique and, thus, not amenable to systematic 
explanation via theories of any sort?. Since 
cladists find the infusion of the least amount 
of theoretical insight into classification suspect 
in much the same way that their positivistically 
minded cousins, the phoneticisis, did a decade 
of so ago, it is hardly surprising that they 
would greet the rediscovery of Professor 
Popper’s writings from the 1940s and [950s 
with great glee. 

Popper’s hostility to evolutionary theory 
explains the favour his views receive from 
systematists fond of cladism. But it does not 
explain why this same hostility should inform 
the judgments others make of the scientific 
status of Darwinism. Popper’s views have 
been roundly and soundly criticized by 
numerous philosophers interested in the 
scientific status of evolutionary theory. The 
apparently timeless contentions that the theory 
is (1) tautologous, (2) unfalsifiable, (3) lacks 
predictive power and (4) lacks confirmation 
have shown to be false by a decade of 
scholarship in the philosophy of biology 
dating from the appearance of David Hull’s 
Philosophy of Biological Science 4. Why 
Nature should choose the cladists’ favourite 
philosophical authority over the ruminations 
of contemporary authors gives one pause not 
about politics but about the reading habits of 
the scientific community. 

There are numerous reasons for not taking 
Professor Popper’s criterion of demarcation 
of science and non-science seriously. Perhaps 
the most obvious is that it just does not cut 
well — cosmology and evolutionary theory , 
wind up in the metaphysical hopper, astrology 
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and phrenology make the grade as science — 
false science but neverthess science. 

Numerous cther contributors to the 
philosophy of science such as Nagel, Hempel, 
Hanson, Toulmin, Kuhn, Shapere, Lakatos, 
McMullin and many others have shown 
serious conceptual flaws in Popper’s defence 
of the falsifiability criterion for demarcating 
science from non-science’ 

Since the issue is so badly mauled in the 
Nature editorial let us take up the matter of 
the falsifiability of Darwinism since it seems of 
such great concern to cladists, creationists, 
and correspondents to this journal. The issue 
if stated as the question, ‘‘Is Darwinism 
falsifiable?” admits of a simple answer — yes. 

If we are talking about the version of 
evolutionary theory propounded by Darwin in 
the Origin, then that theory has been shown 
false many times over. It claimed that all 
organic variation could be accounted for by 
natural selection and a tendency to inherit 
among all creatures. This is false. Mutation 
and recombination at the level of genes refute 
the adequacy of Darwin’s posited 
mechanisms. Darwin claimed that the bulk of 
speciation occurred through anagenesis — 
evolution within a lineage. This is false. 
Cladogenesis or the splitting of an 
interbreeding population into two groups via 
natural barriers or other means accounts for 
the bulk of speciation. Darwin claimed that 
social behaviour exists in insects as a 
consequence of group benefit. This is false. 
Social behaviour exists among many insects as 
a consequence of kin selection, reciprocal 
altruism, parental manipulation or some 
combination of these mechanisms. This list 
could go on. The point is that evolutionary 
theory, like all theories in science is constantly 
tested, refined, modified, adapted and re- 
written. The issue confronting defenders of the 
validity and utility of evolutionary theory in its 
early or modern forms is not whether it is 
science or not — Darwin himself certainly 
settled that matter with admirable skill in the 
empirical and analogical evidence he brought 
ferward in his own writings. Rather the 
question is how does one go about invalidating 
scientific theories that constantly change and 
evolve — an issue that ought to attract the 
attention of the cladists if not the creationists. 

How true is the theory of evolution? It is as 
true a theory as there is in science. Which is to 
say it depends on who is asking and when. Of 
course the theory of evolution is not a fact. 
Evolution is a fact and the theory of evolution 
tries to explain this fact. But the theory of 
evolution surely passes muster as science, even 
on the out-dated grounds cited by Professor 
Popper in his early work. (Even he no longer 
believes in the adequacy of his early analyses 
of evolutionary theory’.} The real question 
that should concern scientists is whether they 
know enough about current thinking in the 
history and philosophy of science to know a 
sound theory when it stares them in the face — 
a circumstance unlikely to occur at the British 
Museum unless this ignorance is alleviated. 
The Hastings Center, AER AE ARTAN 
New York, USA 
1. Nature 29), 75-76 (1981) 

2 Popper, K. R. The Poverty of Historicism (Routledge & 
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Academia stagnant? 


Sir — I see no reason for your concern 
(Nature 19 March, p.175) about the ability of 
British universities to recruit young scientists 
to academic posts. The present policy of 
recruiting young persons in their mid-twenties 
and sometimes without postdoctoral or 
international experience has so little merit that 
nothing would be lost if this recruitment of 
lecturers was totally ended. The best of our 
young scientists will wish to stay longer in 
full-time research and will continue to be 
available to the universities for years to come. 
The rapid recruitment of academic staff in 
the 1960s expansion phase is unlikely to be the 
cause of stagnation in science departments. 
Where stagnation exists it is fairly certain that 
the department has defective leadership which 
might very well result from easy promotions 
gained in the years of expansion. Universities 
should, especially when resources are tight, 
recruit scientists into permanent teaching posts 
later in their careers than has been customary 
in Britain. A changed policy could provide 
continuing opportunities for the present 
generation of young scientists. Retirements 
and early retirements will improve some 
departments and at the same time allow new 
entrants or well justified internal promotions 
which ought to maintain the intellectual 
vitality of any department worth keeping. 


J.R. PENSWICK 
School of Biological Sciences, 


University of East Anglia, Norwich, UK 


Freedom from NATO 


Sir — With the mounting concern in your 
columns on measures which scientists should 
take to ensure academic freedom for 
colleagues deprived of their rights, it is 
surprising that you publicize the NATO 
Advanced Study Institutes, that scientists are 
happy to perform on the stage which NATO 
sets, and that no mention of this paradox has 
been made in your correspondence. 

No doubt these conferences fulfil a useful 
scientific function in promoting exchange of 
information in very congenial surroundings. 
Under normal circumstances, the argument 
that funds (from a rather dubious source) were 
being channelled to a good cause would have 
been sufficient to rationalize the situation. In 
some cases there is also the hope that the 
opinions of the scientific community will filter 
back along this channel, and that contact with 
sensitive institutions will lead to a more 
extensive dialogue and to a greater oppor- 
tunity for diplomatic manoeuvres. Often, such 
occasions bring us into contact with scientists 
who have difficulty in meeting foreign workers 
because of governmental restrictions. 

These conditions do not apply to attendance 
at NATO-supported conferences. There is 
little evidence that the meetings provide a 
forum for discussion with NATO officials in 
any way which would allow scientists to 
exercise their social responsibility. Nor could it 
be claimed that the activities of the 
conferences could not easily take place under 
other auspices. But most seriously, at a time 
when nuclear installations in Europe, products 
of scientific ingenuity, threaten the peace of 
our own and other countries, this close 
relationship between scientists and NATO can 
only be seen from outside as complete 
approval for (if not connivance with) the 
increasingly military orientation of our 
society. 


This association with NATO must also 
affect the scientists themselves. After 
participation in any symposium it is difficult 
to leave without feeling some debt of gratitude 
to the organizers who lavish money and 
attention on their charges. Qualms about the 
ethics of the institution running it are 
henceforth stiffled. Thus the NATO scientific 
conference is a highly effective public relations 
exercise both for the participants, and those 
who look to scientists for a lead in problems 
created by technology. How can Soviet 
colleagues be expected to take our views 
seriously when they see the strength of our 
opinions so cunningly controlled by political 
agencies? If our protests are to carry 
conviction in any field, we should dissociate 
ourselves from the influence of organizations 
like NATO, and take every opportunity to 
make this known publicly. Rocer R.C. New 


University of Liverpool, UK 


Conservation sites 


Sır — Many criticisms can be levelled at the 
system of Sites of Special Scientific Interest 
(SSSIs) but Muir’s arguments (Nature 12 
March p.82) are untenable. 

Extinction may be “normal” but that is 
irrelevant to ‘‘value’’. To analogize, we will all 
die, but do not usually accept this as an excuse 
for murder. We are replacing complex 
ecosystems with much simpler landscapes, 
allowing for fewer species to exist or appear. 

In a limited sense, rarity may support a 
value judgement of ‘‘biological deficiency’, 
and the mere presence of a rarity may be poor 
grounds for conservation; but rare species can 
be good indicators of environmental quality 
when considered along with other evidence. 

SSSI status may result in a ‘‘loss of 
freedom’’ of the owner. Losing such sites is a 
far greater ‘‘loss of freedom”: it destroys our 
options and those of future generations, for 
we cannot replace them. 

It is also misleading to allege just that 
protection of SSSIs is a cost to their owners: it 
prevents owners increasing their income by 
reclaiming the site, but that increase would 
itself be a cost to the taxpayer in terms of 
grants for reclamation, and later subsidies. 

It is astonishing that someone from a 
university zoology department could contend 
that ‘Once... information is recorded and 
published . . . nothing new will be learned by 
preservation”, No complete record of any site 
or habitat exists, and the same material can 
generate an infinite variety of ‘‘descriptions’’. 
Frequently we cannot turn to the literature for 
basic data to test new theories — we have to 
test them through fresh fieldwork designed 
specifically for that purpose. If we lose the 
field sites, ecology becomes metaphysics and 
not science, and to rely just on the 
environments we are creating today leaves us a 
severely restricted data base. 

This necessity has fortunately been 
recognized in other fields. Once, excavators of 
bone caves destroyed vast storehouses of 
information by removing every vestige of 
material but failing to distinguish stratified 
deposits. Later workers recognized strata but 
again lost vital information by failing to 
extract pollen, rodent bones, and other small 
items. Now sections of deposit are left 
undisturbed for the future application of new 
ideas and techniques. Ecologists need similar 
opportunities. Kevin A. ROBERTS 
Hoddesdon, Herts., UK 





P9817 Maemillan Journals Lid 


Nature Vol. 290 23 April 1981 





625 


NEWS AND VIEW 





Genes of lymphocytes I: Diverse means 
to antibody diversity . 


from Miranda Robertson 


AFTER fifteen years of controversy and five 
years of DNA cloning, immunologists are 
at last unanimous on how antibody 
diversity is generated. This remarkable 
eventuality is due to the accumulation over 
‘the past five years of evidence for almost 
every mechanism anyone has ever 
suggested; and to which has now been 
added yet another, of such baroque 
complexity that it could never have 
occurred to anyone to suggest it but for the 
evidence (albeit preliminary) in the DNA. 

There used to be, broadly, three schools 
of thought, one of which adopted the 
extreme position that the entire antibody 
repertoire was encoded in a vast array of 
germ-line genes, and the other two of 
which favoured the somatic generation of 
variation on the basis of a limited number 
of germ-line genes. Two means were 
proposed for the somatic generation of 
variation. One was simple point mutation; 
but this on its own would not explain the 
distribution of the variation, which is 
concentrated in three “hypervariable”? 
regions on the variable region gene (see Fig. 
1). The other was recombination, 
represented in its most elegant and extreme 
form by the mini-gene theory of Kabat, 
who proposed that a range of genes coding 
for each of the three hyper-variable regions 
and the four less variable (framework) 
regions existed separately in the genome, to 
be brought together in variable 
combinations during the differentiation of 
the B lymphocyte. This theory however did 
not explain the evidence for point 
mutations in the framework regions. All 
these views have now been at least partly 
vindicated, as became clear at the massive 
immunology symposium in Paris last 
summer': and at a more recent and smaller 
symposium in Salt Lake City*, their 
proponents were still reeling with surprise 
at finding they no longer had anything to 
quarrel about. 

Two things became clear very soon after 
the cloning and sequencing of the first 
immunoglobulin genes. First, there is quite 
a large number of germ-line genes: more 
than one for each of the known variable 
region subgroups (a subgroup is a family of 





Miranda Robertson is associate editor of 
Nature, 





*The ICN/UCLA Symposium on Immunoglobulin Idiotypes 
and their Expression was held in Salt Lake City, Utah, on 
February 8-15, 1981. 
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variable regions defined by similarity in the 
framework regions). Estimates have been 
made for mouse A andx light chain genes. 
Whereas the mouse A V gene family 
contains only two genes’, S. Cory (Walter 
and Eliza Hall Institute, Melbourne) now 
puts the size of the x gene family at between 
100 and 300; however, less is known about 
the possible numbers of heavy-chain 
variable region genes which she and her 
colleagues are in the process of 
investigating. 

Second, the differentiation of a B 
lymphocyte is accompanied by the trans- 
location of V region DNA. In the case of 
the light chain, one of the germ-line V 
genes, comprising the first three 
framework segments with two hyper- 
variable regions and part of the third, is 
brought into proximity with one of a 
cluster of J genes comprising the rest of the 
third hypervariable region and the fourth 
framework segment. Since V genes may 
recombine with J genes at random, and 
with variation in the site of the join, this 


‘immediately generates considerable 


diversity. The scope for diversification is 
even greater in the case of the heavy-chain 





™ ey Light chain 


Framework 
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a J gene coding for the fourth framework 


genes, in which the V gene, which extends 
only to the end of the third framework 
region, recombines with a D gene 
comprising the third hypervariable region, 
and the D in turn recombines with one of a 
cluster of J genes coding for the fourth 
framework region. The D and J heavy- 
chain genes thus behave very much like the 
mini-genes postulated by Kabat; but Kabat 
never dreamed of the extraordinary 
properties of D genes that are beginning to 
emerge from the latest investigations of 5S. 
Tonegawa and his colleagues (Basel 
Institute of Immunology). 

They have used a D region probe? to 
locate a cluster of eight homologous D 
genes in germ-line DNA. All eight genes are 
17 base-pairs long; yet expressed D regions 
with substantial ‘‘core’’ homology to the 
germ-line genes range from thirteen to 
more than 40 base-pairs in length. This is 
too extreme to be explained by variations in 
the site of V-D-J recombination. 
Tonegawa has suggested that the 
explanation may lie in D-D joining, by a 
mechanism that would not result in simple 
tandem repetition of the homologous 
sequences. The mechanism depends on the 


Fig 1. Immunoglobulin molecules are made 
up of four chains: one pair of heavy chains and 
one pair of light chains. Each chain is divided 
functionally into two regions: the variable 
region, which mediates antigen recognition, 
and the constant region, which in the case of 
the heavy chains mediates the effector 
function of the molecule. 

The variable region can be further 
subdivided into four regions which vary only 
slightly from one antibody molecule to 
another, and are known as the framework. 
regions, and three regions (the hypervariable 
regions) which are very much more variable 
and in the folded protein form the actual 
antigen-binding site. 

Each light chain is now known to be coded 
by three separate genes: a C gene coding for 
the constant region, a J gene coding for 
the fourth framework region and part of the 
third hypervariable region, and a V gene 
coding for the first three framework regions 
including hypervariable regions one and two 
and part of hypervariable region three, 

Each heavy chain is coded by four separate 
genes: a C gene coding for the constant region, 


A 
$ 


region, a D gene coding for the third 
hypervariable region, and a V gene coding for 
the first three framework regions including 
hypervariable regions one and two. 
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Fig. 2 The pattern of genomic sequences believed to mediate V-J and V-D-J joining in light 
(a) and heavy (b and c) chain variable region genes. Open rectangles are coding sequences, 
shaded rectangles are nonamer and heptamer signal sequences, and intervening lines are non- 
coding DNA. The figures 12 and 23 on the non-coding DNA refer to the length of the spacer 
regions between the heptamer and the ronamer, which are highly conserved sequences 
believed to act as recombination signals: the heptamer is followed by the nonamer after a 
space of 12 (strictly, 11 or 12) base pairs downstream of the V, gene, and inversely, the 
nonamer is followed by the heptamer after a space of 23 (strictly, 22 or 24) base pairs 


$ 


upstream of the J, gene (Fig. 2 a). Heavy-chain V genes are followed by the same signal 
sequences with the 23 spacer, and heavy-chain J genes are preceded by the inverse signal, 


again with a 23 spacer (Fig. 25). Early et a/.4 and Sakano et al. surmised that recombination 
depends on the pairing of the signal sequences plus a 12-base-pair spacer with the inverse 











baroque complexity comes in. 


tandem repeats, which are not found. 





12/23 rule first enunciated by Early et al? 
for V-J recombination, and is described in 
Getail in the legend to Fig. 2. 

Even without D-D joining, the evidence 
for which is at best circumstantial, the 
recombination of a substantial repertoire 
of V genes at random with J and D genes 
would be sufficient to account for an 
antigen-binding repertoire well into the 
thousands. To this variation within chains 
must be added the variation generated by 
the association of different light chains 
with a given heavy chain. Since the 
expression of the heavy-chain genes 
precedes that of the light-chain genes, it has 
been assumed that each different heavy 
chain associates with a different light chain 
in the progeny of a single pre-B cell®. By 
fusing a pre-B cell line with a myeloma line 
that does not express L chains, W. M. 
Kuehl and his colleagues (Virginia 
University) have succeeded in inducing the 
expression of light chain genes of the pre-B 
cell and demonstrated that different 
rearrangements of the x genes do in fact 
occur in the progeny’. 

Finally, there is growing evidence for 
further diversification of the rearranged 
immunoglobulin genes by somatic 
mutation in the course of B cell ontogeny. 
In the absence of a B cell line whose 
omogeny can be followed in vitro, the 
evidence is necessarily indirect. But the 
availability of cloned germ-line genes for 


| signal sequences plus a 23-base-pair spacer; they accordingly predicted that Dy genes should 
| be flanked by signals with 12-base-pair spacers (Fig. 2 c). This has proved to be the case2. If 
the 12/23 rule holds, however, it should make D-D joining impossible; and that is where the 


Tonegawa and Kurosawa have proposed that each D region can treat the central 7 of its 17 
base-pairs as the heptamer of the signal sequences and add the five coding base-pairs plus 
their adjoining heptamer, either upstream of downstream, to the adjoining spacer to make a 
24 instead of a 12 base-pair spacer (Gig. 2 d). This would make it possible to add about 5 base- 
pairs of one D gene to another without violating the 12/23 (or 12/24) rule or producing 


the V-regions of some antibodies has made 
it possible to compare the germ-line se- 
quences with those of secreted immuno- 
globulins from B cells at different stages of 
maturation. At early stages of maturation, 
B cells synthesize immunoglobulin M; at 
later Stages they synthesize 
immunoglobulins of other classes: IgG, 
IgA or IgE. Thus by comparing IgM and 
(say) IgG in turn with the homologous 
germ-line sequence, it is possible to detect 
any increase in departures from the germ- 
line gene that may have occurred as the cells 
switched from one class of 
immunoglobulin to the next. 

Such increases have been reported both 
by A. Bothwell (Massachusetts Institute 
for Technology) and from the laboratory 
of L. Hood (California Institute of Tech- 
nology), working with antibodies raised 
against nitrophenol (NP) and phosphoryl- 


choline (PC) respectively. Antibodies’ 


raised against these antigens possess, in 
certain strains of mouse, the interesting 
and useful property that a very high 
proportion of the total immunoglobulin 
bears a characteristic antigenic 
determinant, or idiotype, of its own (NP? 
in the case of anti-NP antibodies, and T15 
in the case of anti-PC antibodies). But not 
all even of those antibodies bearing the 
same idiotype are by any means identical, 
and in the light of recent analyses this is 
hardly surprising. Both Bothwell’ and 


Hood report that there is a cluster of 
several germ-line V genes all with sub- 
stantial homology to the idiotype-bearing 
anti-NP and anti-PC proteins. The 
existence of such homologous V-gene 
clusters (as well as Tonegawa’s homo- 
logous D gene clusters) strongly suggests 
duplication of genes during evolution — 
particularly since two of the five 
homologous genes sequenced by Hood and 
his collaborators are actually identical. 

As it turns out, comparison of the partial 
amino-acid sequences of several T15 pro- 
teins with the germ-line sequences shows 
that all the proteins are derived from the 
two identical germ-line genes, but with 
numerous substitutions, notably in the 
proteins of ontogenetically later classes 
(IgG and {gA)®. None of these sub- 
stitutions can be explained except by 
mutation, with one exception which could 
(but need not) be due to recombination 
between two of the germ-line V genes. 

The sum of all these recent data leaves us 
with an embarrassing riches of diversity- 
generating mechanisms, but some 
important outstanding questions about 
their deployment. The first and most 
obvious is exactly how many germ-line 
genes there are. It is believed that there are 
four functional J genes each for the light 
and heavy chains; but estimates of the 
numbers of V genes still range between 500 
and 1,000, and little is known of the total 
size of the D-gene family, of which that 
sequenced by Tonegawa and his associates 
may represent only a branch. 

The second and more challenging is 
whether a special mechanism, still 
undiscovered, is needed to explain the 
concentration of amino-acid substitutions 
in the hypervariable regions. Both germ- 
line sequence and somatic recombination 
go some way towards explaining this 
pattern of variation. Related germ-line 
genes differ from one another more in the 
hypervariable regions than in framework- 
coding regions; and variable V-J and V-D-J 
joining account for further variation in the 
third hypervariable region — particularly 
in the case of V-D-J joining. But Gearhart 
et al.’ have shown that somatic mutations 
too are clustered, at hypervariable regions 
land 2. 

This could in principle be explained 
without recourse to further special 
mechanisms, simply by somatic selection. 
B cells whose surface immunoglobulin 
does not bind antigen produce no progeny: 
thus those expressing mutations in the 
hypervariable regions which form the 
antigen-binding site will tend to be 
selected. Selection will also occasionally 
operate on mutations affecting framework 
sequences: although it is the hypervariable 
regions that actually make contact with 
antigen, the framework regions may 
influence the manner in which they doso — 


for example, framework variants of an 


immunoglobulin which in its original form 
bound PC both on its own and complexed 
to a carrier will no longer bind the PC- 
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carrier complex (MD Scharff, Albert 
Einstein College of Medicine) Both the 
clustered substitutions ın the hypervariable 
regions, and the occasional ones in the 
framework can therefore be accounted for 
by selection for antigen binding 

It would be a mistake however to assume 
that all mutations in expressed immuno- 
globulin genes must have been specifically 
selected indeed, some are silent and could 
never have been subjected to selection 
These are presumably the ‘‘neutral 
mutations’’ of the immune system But if 
the pattern of mutations requires no special 
explanation, ıt 1s possible that the rate of 
mutation may Certainly many immunolo- 
gists are wondering about possible 
mutagenic reactions associated with the 
class switch Notwithstanding the 
considerable difficulties associated with 
the elucidation of molecular mechanisms 
of immunoglobulin gene rearrangement, 
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the issue of mutation rate may be resolved 
more quickly by research at this level than 
by arguments about sequences, because 
arguments about the mutation and 
selection of sequences depend on a detailed 
understanding of the relationship between 
the sequence of an immunoglobulin and its 
antigenbinding properties and this 1s 
usually unknown 

However, each antibody molecule can 
now be seen as the end product of a series of 
selective steps, beginning with the germ- 
line genes The germ-line V, J and D genes 
have presumably been selected ın the 
course of evolution for their ability to 
produce proteins that will bind to common 
environmental antigens There follow at 
least two rounds of somatic selection by 
antigen The first acts on the V-J and V-D-J 
recombinations that produce IgM It 1s 
followed by at least one more round of 
somatic selection favouring mutations that 
produce efficient binding to the same 
antigen, or indeed to any other antigen 
present ın large enough quantities to 
encounter the mutant cell A detailed 
analysis of hybridoma proteins from 
immumzed and hyperimmunized mice, 
such as Bothwell and his colleagues have 
already begun, may help to show how far 
antigenic selection could account for the 
range of antibodies a single mouse 1s able to 
produce against a single antigen 


The expanding Earth 


from A D Stewart 


TWENTY-FIVE years ago the University of 
Tasmania hosted a conference on 
continental drift organized by Professor 
S W Carey, at which he presented his now 
famous review documenting the detailed 
geological evidence for continental break- 
up and separation during the Mesozoic and 
Cenozoic, with explanations for major 
Earth structures like oroclines (hair-pin 
bends in mountain belts) and sphenochasms 
(wedge-shaped oceanic areas like the Bay 
of Biscay) thrown in for good measure 
Most of Carey’s views on inter- and 
intracontinental motions are now, of 
course, generally accepted but the basic 
mechanism he postulated — Earth 
expansion sufficient to have generated all 
ocean basins since the Palaeozoic — 
engenders in most geologists the same 
feelings of incredulity that continental drift 


did 25 years ago 
February 1981 saw the sequel to the 
Tasmanian meeting — the Expanding 


Earth Symposium at the University of 
Sydney, again organized by Carey — at 
which two new hnes of evidence supporting 
major Earth expansion were discussed 
The first was the work of Andy Glikson 


A D Stewart isin the Department of Geology at 
Reading University 


(Geology 7, 449, 1979) which highlights the 
lack of geochemical evidence for oceanic 
crust, or indeed any mantle-derived crust, 
surviving from the Proterozoic, and the 
palaeomagnetic and stratigraphical 
evidence for continental integrity over this 
period This was backed up by Keith 
Crook’s analysis of the global abundance 
of ophiolites and turbidites, both generally 
accepted indicators of oceamc crust Their 
abundance decreases exponentially with 
increasing age back to the end of the 
Proterozoic ( ~ 10° years ago) when they 
disappear completely from the geological 
record This ıs not just a sampling effect 
because turbidite sediments are well known 
from the Archaean (> 2 5x10 yr) 
Crook’s interpretation of these data 1s 
similar to Glikson’s — there were no ocean 
basins in the Proterozoic because the Earth 
had only about 60 per cent of its present 
radius 

The second new line of evidence favour- 
ing expansion comes from palaeomagne- 
tsm Embleton and co-workers (J 
Geophys 49, 20, 1981) showed that for 
quite long periods during the Proterozoic, 
continental blocks such as North America 
and Australia in their present relative 
positions had common polar wandering 
paths They interpret this surprising result, 


coupled with the missing oceanic crust, as- 
arising from Earth expansion during the 
late Proterozoic Pure Earth expansion has 
the effect of leaving continental centres ın 
the same coordinate position and so has no 
effect on the polar wandering paths The 
problem ıs to see how the relative contin- 
ental motions during the Phanerozoic, 
which palaeomagnetism brings out so 
clearly, could have returned the continents 
to the relative positions they had in the 
Proterozoic 

The main counter-arguments to 
expansion were the well known length of 
day calculation (Runcorn Nature 204, 823, 
1964) based on daily and annual growth 
increments ın corals, the lack of secular 
change in global sea level over the 
Phanerozoic (Vail et al Mem Am Ass 
petrol Geol 26, 83, 1977) coupled with 
near stability in the volume of the hydro- 
sphere (Anderson Rev Geophys Space 
Phys 13, 37, 1975), and my demonstration 
that for the past 5 years, half or more of the 
subduction required by plate tectonics on 
an Earth of fixed radius 1s actually 
occurring These arguments give a 
maximum rate of change in Earth radius of 
01cm yri since the Devoman, in gross 
conflict with the idea of accelerating 
expansion during the late Phanerozoic 
This conclusion 1s backed up by the pro- 
vinciality of Palaeozoic faunas, pointed 
out by Clive Burrett, which suggests that 
mayor ocean basins existed at that time 

All this, however, fails to provide any 
hard evidence about palaeoradius in the 
Proterozoic, to which attention is now 
focused Only Stewart’s (J geol Soc 
Lond 133, 281, 1977) palaeogravity 
method, which compares computed 
geotherms with mineralogical evidence for 
the actual P~7 conditions in the crust and 
upper mantle, gives any help here 
Palaeoradius can easily be calculated from 
the surface gravity field provided that 
Earth mass and the universal constant of 
gravitation are known Gravity seems to 
have remained within a factor of two of its: 
present value throughout Earth history, 
implying arate of changeinradius<0 1 cm 
yr! and hence limiting late Proterozoic 
expansion to < 1,000 km This 1s too small 
by a factor of 2 5 to solve the problem of 
the missing oceanic crust 

It is to be hoped that the basically sound 
palaeomagnetic technique for measuring 
palaeoradius will soon be applied to early 
Proterozoic basic dykes across a stable 
continent such as Canada Using samples 
collected specifically for the purpose, it 
should be possible to reach a definite 
decision about the lhkehhood of late 
Proterozoic Earth expansion Published 
palaeoradius estimates using the 
palaeomagnetic technique have always 
used samples from Phanerozoic rocks and 
even these, it was pointed out at the 
meeting, did not always come from stable 
continental areas as required by theory, so 
that the validity of the palaeoradu was 
open to doubt a 
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Plesiosaurs — rigging and ballasting 


from Michael A Taylor 


ALTHOUGH plesiosaurs were among the 
dominant marine reptiles of the Mesozoic 
era, it was difficult to see how they hunted 
ther prey for they had large air-filled lungs 
and would have been too buoyant to dive 
underwater easily In a recent paper D G 

Darby and R.W Ojakangas (J. Paleont 

54, 548; 1980) suggest that plesiosaurs 
neutralised their upward buoyancy by 
swallowing masses of pebbles and retaining 
them in their stomachs ın much the same 
way as modern crocodiles do. 

At one time ıt was thought that the 
stomach stones of crocodiles and 
plesiosaurs helped ın grinding food ın the 
stomach Darby and Ojakangas draw 
attention to the work of H B Cott (Zool 
Soc London Trans 29, 211, 1961) who 
found fragile but unpulverised bones and 
shells of prey along with stones in crocodile 
stomachs He went on to show that 
crocodiles swallow stones to use as ballast 
so they can he hidden under the river 
surface with only the eyes and nostrils 
protruding above water, until some prey 
animal comes close enough to be taken 
Crocodiles can also he on the river bottom 
lodged against the current The mass of 
pebbles lying forward 1n the belly stabilises 
the animal in roll about the longitudinal 
axis, like the keel of a boat, and 
corrects its tailheaviness allowing ıt to lie 
horizontal in the water The weight of the 
pebbles also helps the crocodile to drag 
larze prey underwater so that they can be 
drowned Darby and Ojakangas point out 
that stones and unpuiverised prey have also 
been seen in a fossil plesiosaur (B Brown 
Science 20, 184; 1904) and so conclude that 
plesiosaurs also used their stomach stones 
for ballast 

Their conclusion has implications for 
our ideas of the hunting strategies of 
plesiosaurs, If they neutralised virtually all 
their upward buoyancy, they could stay 
dived without using much hmb action, in 
contrast to the extinct ichthyosaurs and 
modern whales which have no stomach 
stones, but are always on the move when 
looking for prey and can produce a 
compensating downthrust with their fins 
One group of plesiosaurs, the 
plesiosauroids, had small heads on 
exceedingly long necks which gave the 
animals a most unstreamlined shape and 
perhaps made them too slow to pursue prey 
in Open water One wonders if they lurked 
in ambush, or searched slowly over the 
bottom ready to strike out their necks at 
any passing prey The other main group of 
plesiosaurs, the pliosauroids, were large 
carnivores perhaps comparable with the 
modern killer and sperm whales They may 


Michael A Taylor is in the University Museum, 
Oxford 









A Liopleurodon 


nt 


Sony Sans heRe RK ES SE 


B Muraenosaurus , 


Fig 1 Representatives of the two main groups of plesiosaurs 
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A, the phosauroid 


Liopleurodon (~ 11m), B, the plesrosauroid Muraenosaurus (~5m) (after Robinson 1975) 


have hid unmoving till prey came near 
enough to be run down in a short sprint, 
but they were quite streamlined with their 
large heads and short necks and might 
equally have been open-water cruising 
predators Confirmation of these 
hypotheses must wait for an analysis of the 
functional anatomy of the head and neck 
of these forms (see Fig 1) 

Darby and Ojakangas also recovered 
stomach stones from a plesiosaur found in 
the Upper Cretaceous of Montana and 
concluded from an analysis of the shapes of 
the pebbles that they were collected in an 
estuary rather than from a shingle beach It 
does indeed seem likely that plesiosaurs 
would forage in the sheltered and 
productive tidal waters of an estuary rather 
than off an exposed and comparatively 
foodless beach The plesiosaur may, 
however, have tended to select certain 
shapes of pebble, so that its stomach stones 
may not necessarily be a reliable guide to 
their source, 

The structure and function of the 
distinctively domed body, sprouting four 
large broad-bladed limbs, has itself been 


Ly 
downstroke 


Fig 2 Plesiosaur limbs worked like those of 

turtles, shown here The hydrofoil surfaces 

swept up and down producing lift forces L, and 

La which averaged out over the cycle to a 

forwardly directed propulsive resultant force R 

as shown 1n the parallelogram of forces (after 
Robinson 1975) 


the subject of an elegant analysis ın recent 
years (N Jb. Geol Palaont Abh 149, 
286; 1975 and 153, 86, 1977) 

Jane Ann Robinson distinguishes 
between rowing and underwater ‘flying’ as 
the two possible modes of action of the 
limbs. These two modes differ radically in 
limb form and action In the power stroke 
of a rowing action, the limb sweeps 
backwards, while its vertically aligned 
blade bites into the water and levers the 
animal forwards The limb then returns 
forward to start another power stroke A 
limb which 1s adapted to rowing 1s 
therefore rigid and oar-shaped, 
broadening at the end, and moves in the 
horizontal plane The limb of a plesiosaur 
is Of quite different design and has the 
characteristic adaptations to underwater 
flight The limb 1s flat with an aerofoul (or 
hydrofoil) cross-section so that when it 
moves through the water with the plane of 
the limb edge-on to the direction of motion 
through the water it generates a lift force 
This lift force is perpendicular to the plane 
of the lamb and its direction of motion 
through the water The plesiosaur limb has 
therefore to move ın the vertical plane to 
produce the horizontally and forwardly 
directed propulsive force, unlike a rowing 
limb which moves ın the horizontal plane 
(see Fig 2) The plesiosaur limb tapers 
towards its tip to reduce drag, unlike the 
oar-like shape of the rowing limb The 
plesiosaur limb has just enough flexibility 
to allow trimming and to damp out drag- 
producing eddies, which 1s, again, 
quite unlike the rowing lamb which 1s rigid 
and relies on its production of drag to bite 
into the water and thus gain leverage and 
efficacy. Indeed, the limbs of plesiosaurs 
share these features with the forelimbs of’ 
marme turtles, sealions and penguins, 
which all act as hydrofoils Robinson has 
therefore been able to base her 
reconstruction of plesiosaur limb action 
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Fig. 3 The shoulder and hip girdles were 
suspended within the ventral basket which was 
held under the vertebral column like the string ın 
an archer’s bow This elastic suspension could 
absorb the up-and-down motion of the limb 
girdles at each beat of the limbs, while 
transmitting the propulsive force to the body A 
and B, side views of the body, C 1s a plan view 
of the ventral basket (after Robinson 1977) 


partly on the action of the forelimbs in 
these modern animals 

The distinctive shoulder and hip girdles 
of plesiosaurs were broad, flat bony plates 
with limb joints on opposite edges The 
main propulsive muscle masses lay on top 
and under the girdles, and their tendons 
attached to the dorsal and ventral surfaces 
of the limbs and swept them powerfully 
upwards and downwards Supplementary 
muscles controlled the trim of the wings so 
that on both up- and down-stroke the 
hydrofoil surfaces of the limbs, moving in 
the vertical plane, generated a resultant 
‘time-averaged’ hft force forwards 
Effectively, therefore, each pair of limbs 
mounted on its girdle was a self-contained 
power unit producing a forwardly directed 
propulsive force 

How were the two ‘power modules’ 
supported within the domed body, so as to 
transmit the propulsive forces? Ples:osaurs 
had a distinctive ‘ventral basket’ made up 
from the two limb girdles bound together 
by ligaments running onto and between the 
gastralia, the splint-like bones of the middle, 
abdominal floor Robinson shows that this 
acted as a string to the ‘archer’s bow’ 
formed by the vertebral column The 
contraction of the muscles between the 
dorsal processes of the vertebrae bent the 
ends of the column upwards and pulled 
taut the ventral basket suspended from the 
vertebral column by its ligamentous 
attachments With the ribs, this formed a 
remarkable suspension system restraining 
the girdles while allowing some elasticity to 
absorb the up-and-down motion of the 
girdles with each beat of the limbs (see Fig 
3) The ability to vary independently the 


action of each hmb would be most useful, 
as ıt made possible rapid changes of 
direction ın pursuit of prey, or when diving 
from a position at the surface The 
propulsive forces of the four limbs would 
then be asymmetric in magnitude and 
direction, but they could still be sustained 
by the girdle support system One can also 
conclude that the plesiosaurs could move 
and breed on land, pace Robinson, as the 
arched vertebral column prevented the 
collapse of the lungs Ichthyosaurs and 
modern whales cannot move on land and 
perforce give birth in the water to live 
young, certainly, there are specimens of 
ichthyosaurs — but not plesiosaurs — with 
unborn young still ın the body cavity 
Plesiosaurs may have given birth to live 
young or laid eggs ın pits scraped out with 
their tails, lıke modern turtles 

The plesiosaur tail was not very long and 
part of ıt was taken up in the ‘archer’s bow’ 
system The tail vertebrae bear no evidence 
of the attachment of a substantial 
propulsive tailfin —- which would not be 
needed, with four powerful limbs — but 
plesiosaurs did have small vertical tailfins, 
presumably used for stabthsmmg the animal 
directionally and for controlling direction 
of motion 


The hmb and body pian of plesiosaurs, 
so uniform within the group, 1s radically 
different in form and function from the 
Original terrestrial reptilian plan, which 
was adapted to support the body against 
the vertical pull of gravity while walking on 
land The nothosaurs of the Triassic were 
small marine carnivores not very different 
in body or limbs from the terrestrial 
reptiles However, the rare nothosaur 
Pistosaurus ıs morphologically 
intermediate between other nothosaurs 
and plesiosaurs and is presumably closely 
related to the ancestors of plesiosaurs 
Nobody has as yet done an analysis of these 
animals comparable to Robinson’s work 
and so we do not know when the charac- 
teristic locomotor pattern of plesiosaurs 
actually evolved The plesiosaurs diverged 
rapidly into their variously adapted 
lineages at the very start of the Jurassic, ina 
good example of the macroevolutionary 
concept of ‘adaptive radiation’ Did this 
event coincide with, and was ıt caused by 
the full development of the plesiosaur 
locomotor plan, or was there some other 
factor, such as the mass extinction of 
potential competitors, which allowed the 
plesiosaurs to exploit the potential of a 
previously evolved locomotor plan? QO 


Strategies of viral oncogenesis 


from John Wyke 


STUDIES on the molecular mechanisms of 
neoplasia by oncogenic RNA viruses 
(retroviruses) have ın the past concentrated 
on agents that transform cells in tissue 
culture These viruses contain genetic 
information, oncogenes, that seem 
essential for the induction and/or mam- 
tenance of cell transformation and that are 
distinct from the genes required for virus 
replication Viral oncogenes are believed to 
be derived from the homologous 
sequences, present ın normal vertebrate 
cells, that were presumably acquired by the 
viruses during their evolution Their 
reintroduction into the cell under the 
control of viral transcriptional promoters 
leads to aberrant oncogene expression and 
resultant cell neoplasia 

Attention has recently turned to the 
many retroviruses that do not transform 
cells in available tissue culture systems but 
nonetheless induce tumours in animals 
These viruses seem to possess only those 
genes needed for their replication Without 
specific oncogenes, how do they induce 
neoplasia? There are, a priori, several 
possibilities (1) expression of viral 
replicative genes themselves may directly or 
indirectly alter cell growth, (2) since the 
DNA copy of the retroviral genome, the 
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provirus, integrates into the cell DNA, it 
may act as an insertional mutagen, its 
presence disrupting normal cell gene 
expression, or (3) the inserted provirus may 
subvert functions more specifically, by 
placing particular cell genes under the 
influence of viral promoters Two recent 
papers! provide evidence for the last 
possibility from the avian lymphoid 
leukosis viruses (ALV) 

Both studies have taken a similar 
approach, based on recent understanding 
of the nuances of provirus structure and 
function that are summarized in the 
diagram The coding sequences in the viral 
RNA (gag—pol—eny in diagram) are 
flanked by 5’ and 3’ unique segments, US 
and U3, and a short terminal redundancy, 
R These are thought to be involved in 
synthesis of viral DNA which eventually 
becomes integrated as a linear provirus 
(shown in diagram) The proviral DNA 1s 
longer than the parent RNA, U3 being 
repeated at the 5’ end with US duplicated at 
the 3’ end of the molecule The viral genes 
are thus bounded at each end of the 
provirus by a long terminal repeat (LTR) 
sequence, comprising the regions U3-R- 
U5 Sequencing and im vitro transcription 
studies indicate that U3 contains a putative 
promoter sequence, and the promoter in 
the left-hand LTR ıs thought to direct 
transcription of progeny viral RNA 
Because of the redundancy of the LTR 
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there 1s also a promoter at the right-hand 
end of the integrated provirus that seems to 
have no role in the viral life cycle 
However, preliminary evidence indicated 
that ıt might also be active and occasionally 
direct transcription into neighbouring host 
DNA sequences? 

Starting from this point, Payne ef al! 
and Neel et al? investigated 
integrated provirus structure and function 
in a number of advanced lymphomas 
induced ın chickens by several different 
ALV They drew the following 
conclusions (1) The cells from individual 
tumours showed provirus integration at 
identifiable sites This suggested that the 
tumours arose largely, 1f not entirely, from 
a single infected cell, implying that tumour 
induction 1s a rare event Although many 
tumours contained several proviruses, 
those which carried only a single provirus 
were most useful for further interpre- 
tation (2) Tumours from different birds 
often showed similarities in the sites 
of provirus integration This evidence for 
tumour-specific integration sites was not 
strong but was significant in view of the 
many previous studies showing that 
proviruses are able to integrate at 
numerous, perhaps even random, 
locations (3) Many tumours contained 
incomplete proviruses even when only one 
provirus was present (these latter cells did 
not contain normal viral RNA species) 
Thus viral replicative functions are not 
needed for the maintenance of neoplasia, 
indeed, immune mechanisms directed 
against viral antigens might favour the 
survival of cells whose proviruses do not 
direct the synthesis of viral proteins (4) All 
tumours contained at least one LTR 
(5) All tumours contained virus-related 
RNAs that possessed too little virus- 
specific material to be revealed by a probe 
representing the whole provirus but could 
be detected with a probe for the R-US5 
sequences These RNAs, which fall into 
only two or three size classes, were 
expressed at a high level and are thought to 
represent transcription initiated in a viral 
LTR (and hence containing US sequences) 
and continued into downstream host 
sequences (see diagram) 

On the basis of these findings Payne ef 
al and Neel ef al propose that ALV cause 
tumours by inserting a viral LTR, 
containing a promoter, adjacent to cell 
sequences that are then expressed under 
viral control The evidence for proviral 
integration in a specific region of the cell 
DNA and the limited number of size classes 
of RNA found among virus-related tran- 
scripts suggested that viral promoter 
insertion might lead to neoplasia only 1f ıt 
occurred near one or a few appropriate cell 
genes 

This possibility was pursued by Hayward 
etal (see Nature April 9, 290; 475, 1981), 
who reasoned that ALV might ‘switch on’ 
the cell homologues of the known 
oncogenes of transforming retroviruses 
Accordingly, they screened lymphoma 





RNA with cDNA probes specific for five 
different viral oncogenes In general, there 
was no enhanced expression of sequences 
homologous to four of these, but in 12 out 
of 14 tumours Hayward ef al found 
increased expression of RNA homologous 
to the oncogene of the acute leukaemia 
virus MC29 (an oncogene variously called 
mac or myc) The mye-specific RNA, 
which was not expressed above back- 
ground levels in non-tumour tissue from 
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the same diseased birds, co-migrated with 
the same limited size classes of RNA that 
are detected in tumours with a probe for 
R-U5 viral sequences, suggesting that the 
myc sequences in the RNA were covalently 
linked to viral U5 sequences This 
conclusion was strengthened by restriction 
enzyme digests of tumour DNA which 
showed that fragments containing proviral 
and flanking cell DNA were detectable 
with myc-specific probes, indicating that 
the provirus 1s integrated near the cell 
homologue of mycf(c-myc) They 
concluded that in the bulk of ALV-induced 
lymphomas a viral LTR integrates near 
c-myc, enhances its expression, and this 
leads to neoplasia 

The data in favour of this promoter 
insertion mechanism of oncogenesis are 
attractive but there are a number of incon- 
sistencies which must be clarified before 
this concept can be accepted (1) In a 
minority of lymphomas there ıs no 
evidence for enhanced c-myc 
expression (2) MC29 causes carcinomas 
and myelocytomas, not the B-cell lym- 
phomas associated with ALV infection In 
MC29 myc ıs expressed as a fusion protein, 
containing additional amino acid 
sequences encoded by a viral structural 
gene Is this enough to explain the disparate 
pathogenesis? (3) Payne etal ! and Cooper 
and Neiman (quoted in Hayward et al 4) 
also find evidence for ALV insertion near 
c-myc but ın some cases the provirus 
integrates downstream of the cell gene and 
it 1s not clear how the viral promoters 
directly determine c-myc expression 
(Payne et al! and P Neiman, personal 
communication) The possibilty of the 
virus acting as an insertional mutagen 
cannot be dismissed, particularly in view of 
the structural similarities between the 
integrated provirus and transposable 
genetic elements (discussed recently in 
News and Views? and see Neiman et al 6) 
(4) Cooper and Neiman recently showed 
that DNA from ALV-induced lymphomas 


Nature Vol 290 23 April 1981 


can transform recipient mouse cells’ This 
transforming DNA contains neither viral 
structural genes nor viral LTR regions and 
they have now shown (quoted in Hayward 
et al *) that the transforming DNA also 
lacks c-myc sequences 

Some resolution of these discrepancies 
can be attempted by postulating that 
c-myc functioning 1s needed for initiation 
but not for maintenance of lymphoid leu- 
kosis Provirus integration may stimulate 
c-myc expression (or perhaps maintain 
expression 1f the gene 1s already active) but 
this may serve simply to render the cells 
susceptible to further oncogenic change A 
similar mechanism has been proposed for 
Burkitt’s lymphoma in man, in which 
Epstein—Barr virus ts thought to stimulate 
proliferation of B cells that are targets for 
additional neoplastic events, possibly 
involving chromosomal alteration This 
view 1s supported by the natural history of 
avian leukosis although lymphomas are 
not seen until four to six months after 
infection, ALV-induced nodules can be 
seen in the lymphoid organ, the bursa of 
Fabricius, within six weeks The status of 
ALV and c-myc expression in these nodules 
has yet to be fully investigated The nodules 
seem to be clonal, but only a subset of the 
cells they contain may progress to become 
metastatic lymphoma cells® It 1s mainly 
these lymphoma cells that were studied by 
Payne, Neel, Hayward and co-workers !:24, 
and the failure to detect either virus or 
c-myc expression in some of the cells, and 
in all transforming DNA’, may reflect 
tumour progression unrelated to the events 
initiated by ALV infection 

Whatever the role of c-myc in neoplasia, 
the finding that ALV infection 1s regularly 
accompanied by the expression of the cell 
homologue of a viral oncogene forges a 
link between mechanisms of oncogenesis 
by transforming and non-transforming 
retroviruses The concept that cell genes 
can be neoplastic when controlled by a 
virus promoter has been seminal in recent 
investigations on the genetic changes that 
occur after chemical carcinogenesis 
(discussed in a recent News and Views?) 
The possibility that non-transforming 
retroviruses activate similar genes adds 
coherence to oncogene hypotheses of 
tumour formation and provides another 
refined system ın which to investigate such 
ideas ALV oncogenesis will clearly be 
studied in yet more detail and 
parallel investigations are doubtless being 
pursued with other retroviruses that do not 
carry their own oncogenes O 
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Measuring atmospheric gases and aerosols 


from Stuart A Penkett 


APART from the formation of ions, there 
are two major photochemical processes 
which have been identified ın the 
atmosphere One results in the formation 
of a layer of ozone in the lower stratosphere 
and the other gives rise to a general oxida- 
tion process ın the troposphere The theory 
accounting for this second process, 
although put forward more than ten years 
ago!, 1s not yet fully confirmed It predicts 
that many chemical species such as hydro- 
carbons, halocarbons, sulphur and 
nitrogen compounds, are oxidized by 
hydroxyl radicals in the troposphere and 
converted to more soluble species which 
can be removed from the atmosphere by 
rain This prevents many compounds, 
which are emitted both naturally and as 
pollutants, from reaching the stratosphere 
and interfering with the equilibnum of the 
ozone layer The experiment entitled 
GAMETAG (Global Atmospheric 
Measurements on Tropospheric Aerosols 
and Gases) was an attempt by a group of 
American scientists to provide some 
evidence on the workings of this process A 
series of twelve papers describing the work 
which took place in 1977 and 1978 has 
appeared in a recent issue of the Journal of 
Geophysical Research? 

By the standards of atmospheric 
chemistry the experiment was a big one, 
based around the facilities provided by the 
National Center for Atmospheric Research 
at Boulder, Colorado (NCAR) It involved 
about forty scientists under the general 
guidance of Douglas Davis, CS Kuang, 
Paul Crutzen and Robert Duce and utilised 
a good proportion of the NCAR facilities 
for two years, collecting data over a flight 
track extending from Northern Alaska, 
down the North American continent and 
across the Pacific to New Zealand 

The most ambitious part of the exper- 
ment involved attempts to measure the 
hydroxy] radical concentrations both ın the 
boundary layer and ın the free troposphere 
above it Hydroxyl radicals are formed by 
photolysis of ozone with hght at wave- 
lengths below 318 nm, whichis about 30 nm 
above the minimum wavelength of solar 
radiation that penetrates the troposphere 


hv 
0,7 OUD) + O, 
A <318 nm 


The excited oxygen atom which 1s formed 
reacts with the large amounts of water 
vapour present to give rise to hydroxyl 
radicals 
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O('D) + H,O > 20H 


The concentration ın clean air has been 
estimated to be about 5 x 10° molecules per 
cm? and various measurements n polluted 
air suggest a concentration range of 5 x 106 
to 5x10’ molecules per cm? (see refs 3,4) 
The best ground-based measurements have 
used a long pathlength UV absorption 
instrument which 1s not yet capable of 
measuring levels below 1 x 10° molecules 
percm? The fluorescence instrument used 
on GAMETAG was unlikely to improve on 
this, so although disappointing, it 1s 
perhaps not surprising that no data on the 
OH radical concentrations are presented 
Measurements were made on the global 
variation of the ozone and water vapour 
concentrations and of the photoproduc- 
tion rate of singlet oxygen atoms, these 
enable the radical concentrations to be 
calculated by two-dimensional models of 
atmospheric chemistry which are currently 
being developed In a world where mea- 
surements are not possible, calculations 
will have to suffice 
The radicals react with atmospheric 
trace gases such as methane in a complex 
chain reaction 
CH, + OH > CH, + H,O 
CH, + O, > CH0, 
CH,0, + NO > CH,0 + NO, 
CH,O + O, ~CH,O + HO, 
HO, + NO OH + NO, 


The formaldehyde 1s photolysed to give 
carbon monoxide and hydrogen 


hv 
CH,0~ CO + H, 


and NO, 1s photolysed to give nitric oxide 
and oxygen atoms 


hv = 
NO, > NO + O@P) 
OCP) + O, + M>0, +M 


The ozone which ıs formed ın this way, and 
also ozone formed from CO oxidation, 
represents an alternative source to 
transport from the stratosphere? The 
experiment showed that distinct ozone 
layers do exist in the troposphere, but in 
those observed over the ocean an inverse 
correlation between the ozone and water 
vapour concentrations indicated a 
stratospheric source There was also no 
positive correlation between the ozone and 
carbon monoxide concentrations The 
reason ıs almost certainly lack of sufficient 
nitric oxide to sustain the chain reaction 
Recent measurements® over the Pacific 
Ocean confirm this and the conclusion 


must be that the extent of the atmospheric 
oxidation process over the ocean 1s very 
limited and far from producing ozone, 
photochemical reactions act as a sink 
Measurements of sulphur and halogen 
gases and many aerosol components both 
in and above the atmospheric boundary 
layer were also made The sulphur 
measurements were particularly interesting 
since they suggest that sulphur dioxide 1s 
formed in the free troposphere above the 
boundary layer There 1s also evidence that 
much of the sulphate aerosol observed was 
formed by a gas to particle conversion 
process occurring within the atmosphere 
Atmosphenic sulphur chemistry has been a 
subject of discussion for three decades and 
more Much of this has focused on the 
natural sources of sulphur, whether they 
are present as hydrogen sulphide or 
dimethyl! sulphide Recently two more 
gases, carbonyl sulphide and carbon 
disulphide, have been shown to be present 
in the atmosphere’ and it has been 
suggested that these are the main 
precursors of sulphur dioxide and the 
sulphate aerosol found in the remote 
troposphere? The GAMETAG experi- 
ment has certainly proved beyond doubt 
that carbonyl sulphide ıs the most 
abundant sulphur-containing trace gas in 
theatmosphere However, itis not clear yet 
how quickly it 1s oxidized?)!° 
GAMETAG showed very little evidence 
for the presence of long-range transport of 
pollutants from the continents over the 
ocean This was true of gases such as 
carbon monoxide and sulphur dioxide and 
for aerosol species such as sulphate and 
nitrate It 1s also clear that the ocean ıs the 
major source of methyl! chloride, which 1s 
ithe only naturally produced halogen-con- 
taining gas to enter the stratosphere in large 
quantities 
In conclusion, GAMETAG provided 
some interesting data on the concentration 
distribution of stable trace gases and 
aerosols and the influence of pollutants on 
the composition of the remote troposphere 
However, it failed to provide positive 
evidence for the existence of a large amount 
of chemical activity in the troposphere Most 
probably this 1s associated with low levels of 
nitric oxide over the oceans, which 
suppresses the level of hydroxyl radicals 
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The continents are likely to be the major 
source of nitrogen oxides and these are the 
places to look for evidence of atmospheric 
reactions There 1s certainly a case for an 
experiment of this type to continue 1f only 
to confirm that many compounds released 
from modern industry are destroyed before 
they can reach the ozone layer in the 


Cracks in rocks 


Jrom Barry Atkinson 


MICROCRACKS influence many of the 
physical properties of rocks Strength, 
transport, elastic and inelastic charac- 
teristics are all highly dependent upon the 
size, shape, number and distribution of 
microcracks These physical properties 
change dramatically as crack character- 
istics are modified under stress 

In earthquake prediction, the exploita- 
tion of oil, gas and water bearing for- 
mations, nuclear waste disposal, and heat 
extraction and storage, the prediction of 
in-situ physical properties from models of 
rock microcracks 1s of great importance 
but has, so far, been rather unsuccessful 
The basic problem 1s that, despite many 
laboratory studies, we have only a 
rudimentary idea of the actual modifica- 
tions that cracks undergo ın stressed rocks 
ML _ Batzle, G Simmons and R W 
Siegfried of MIT have recently attempted 
to overcome this problem by making direct 
observations of crack closure in granite and 
diabase under uniaxial compressive stress 
(J geophys Res 85; 7072, 1980) 

The MIT group placed a small hydraulic 
press inside a conventional scanning 
electron microscope (SEM) so that they 
could subject cylinders about one cm in 
diameter and two cm long to uniaxial 
stresses Of up to 30MPa A portion of the 
lateral side of the core was ground flat and 
bombarded with 1on1zed argon to remove 
the damaged surface before examination in 
the SEM Stress—strain measurements were 
also made on similar cores ın the press but 
outside of the SEM Although SEM studies 
have been made before on specimens 
subjected to tensile im situ stresses, this 1s 
the first tıme that a compressive stress has 
been so studied. 

Westerley granite and Maryland diabase 
were examined ın the ‘natural’ state and 
after slowly heat cycling to 500°C and 
700°C, respectively, to increase crack 
porosity Westerley granite 1s a typical 
crystalline rock with initial crack porosity 
of about 0 2 per cent and a total porosity of 
about 1 per cent Maryland diabase 1s 
unusual in that it has no measureable crack 
porosity and a low total porosity of 0 1 per 
cent Westerley granite consists of roughly 
equidimensional feldspar, quartz and 
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stratosphere It should concentrate on 
unpolluted continents ın tropical latitudes 
and it should include measurements of 
transient products such as aldehydes and 
nitro compounds These are easier to 
measure than radicals but provide the sort 
of information which 1s necessary to test 
theories of atmospheric oxidation = 


under stress 


biotite mica grains averaging 800 
micrometres in diameter Maryland 
diabase consists mainly of equidimensional 
grains of feldspar and pyroxene averaging 
200 micrometres in diameter 

In general, the response of cracks to 
stress confirmed those predicted from 
microscopic examinations made at zero 
stress (Kranz, RL Int J Rock Mech 
Mining Sc: Geomech Abstr 16; 37, 1979) 
and from deformation measurements 
made under applied stress (Brace, W F et 
al J geophys Res 71, 3939, 1966) 
Numerous factors influence the behaviour 
of cracks, including orentation, shape, 
source, and the proximity of other 
fractures 

The main conclusion of the recent work, 
however, 1s that pre-existing cracks in these 
rocks behave quite differently to those 
induced by heat cycling Pre-existing 
cracks have walls that are irregular, etched 
and pitted, and poorly matched Under 
stress, closure 1s incomplete with many 
portions remaining open and intercon- 
nected The shape, or aspect ratio, 
continually changes as stress increases 
Thermally induced cracks are also irregular 
but the walls are more perfectly matched 
and tend to close more completely, unless 
propped open by very small grains or 
debris 2 

Although pre-existing fractures can be 
re-opened, widened, extended, or closed, 
depending on a host of interrelated factors, 
in general those cracks oriented close to the 
direction of maximum stress tend to open, 
whereas those oriented nearly perpen- 
dicular to the maximum stress tend to 
close 

New cracks created ın the laboratory by 
stress or temperature usually have the 
irregular but well matched characteristics 
of thermal fractures This 1s important 
because the precise nature of the crack 
response to stress determines the trends in 
dependent physical properties New 
fractures will close easily and hence lead to 
a large change 1n physical properties with 
stress as compared with the more inefficient 
Barry Aikinson is NERC Spectal Research 
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closing of pre-existing cracks 

How then do induced cracks attain the 
characteristics of pre-existing cracks? A 
key element ın this seems to be the extent to 
which cracks are modified by the circu- 
lation of water at high temperatures 
Under these conditions grains become 
rounded and crack walls etched and pitted 
(Potter, JM Rep LA-7224-T, Los 
Alamos Sci Lab, 1978) and begin to 
resemble pre-existing cracks 

The fact that almost complete closure of 
thermal and stress-induced cracks can 
occur lends support to D J Holcomb and 
JL Stevens assertion that reversible 
Griffith cracks can explain all of the 
observed attributes of rock dilatancy (J 
geophys Res 85; 7101, 1980) They cast 
doubt on the widely used sliding crack 
model of dilatancy, in which dilatancy 
arises from the formation of tensile cracks 
at the ends of a large number of sliding 
shear cracks, partly because a shear crack 
model cannot explain the stress memory 
rocks exhibit and especially because shear 
cracks are only rarely observed 1n some 
dilatant rocks (Tapponier, D and Brace, 
WF Int J Rock Mech Mining Sci 
Geomech Abstr 13; 1976) On the other 
hand, long, narrow cracks preferentially 
oriented parallel to the maximum 
compressive stress are very common in 
some rocks and these Griffith cracks can 
apparently explain all of the experimental 
results on rock dilatancy, provided that the 
cracks can open and close reversibly under 
stress 

A problem arises, however, because 
most studies of stressed cracks in rocks 
have been made on low-porosity, well- 
cemented crystalline rocks Less well- 
cemented, high-porosity sedimentary 
rocks with more point contacts and fewer 
interlocking grains have quite different 
initial preferred orientations and 
distribution of microcracks Recent 
experimental studies have shown that the 
differences in peak strength, the 
localization of deformation to give a main 
fault, and some water-weakening effects 
can be qualitatively explained in terms of 
the initial microstructure (Hadizadeh J, 
Thesis, University of London, 1980) 

Two limitations of the MIT study are 
that we are not sure their observations are 
typical of the bulk of their specimens They 
examined sections that were within | mm of 
the surface, and the role of stress corrosion 
crack growth was not investigated ın the 
high-vacuum environment of the SEM In- 
situ tensile tests, however, show that stress 
corrosion can bea significant factor (Swan, 
G Res Rep , Tulea 1980 01, University of 
Lulea) 

It would now be valuable to extend zn- 
situ observations to higher stresses and 
temperatures and more complex polyaxial 
stress states At present this 1s not possible 
and one is forced to examine at zero Stress 
and ambient conditions specimens that 
have been retrieved from more exotic 
conditions O 
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SPRING BOOKS 
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Reviewers without pride or prejudice 


What are book reviews for? The question is not entirely trivial 
The pages that follow are filled with the comments of a great many 
serious people who have taken the trouble to read some book or 
books, to reflect on the contents thereof and then to tell the rest of 
the world what they think of them Why, it will be asked, should 
they bother? Why should an army of people who are (or who 
should be) disinterested take this trouble for the sake of others — 
the people who lie somewhere between those who would certainly 
buy the book concerned, perhaps because tt represents a special 
interest of theirs, and those who would not willingly be seen in 
public reading the document concerned, and who would not wish 
to do so ın private either? Pecuniary reward 1s not the 
explanation The simple answer 1s that book reviewers pursue one 
of the most honourable of intellectual crafts The ideal reviewer is 
a self-effacing person — the kind of person who is sufficiently 
` knowledgeable to have written the book he is charged with off his 
own bat, who might well indeed have done so if he were not so 
busy, but who has nevertheless been willing to quarry time froma 
busy timetable to inform and instruct potential readers of a new 
apparition in the literature The scientific community, any 
mtellectual community, has reason to be grateful to reviewers 

But why are books so especially deserving of attention? Whatis 
it about a pair of hard covers that gives a book precedence over, 
say, an article in ascientific or other journal? Rarity 1s only part of 
the explanation Some journals, Nature among them, do indeed 
try to pick out and draw to the attention of their readers 
particularly interesting articles that appear ın the ordinary course 
of communication The volume of the scientific literature 1s of 
course too great for this task to be attempted (or at least 
accomplished) systematically There1s, however, another sense in 
which a book commands (and deserves) to be dealt with 
differently from the report of some piece of research, whatever 
the excitement engendered by the results For a book, or at least a 
good book, 1s necessarily a somewhat personal declaration So 
much can be told from a comparison of the style of run-of-the- 
mull scientific articles and books by the same authors The authors 
of articles run to the passive, and to opening sentences such as 
**There ıs now much evidence to suggest that ”> The authors 
of books write ın a different frame of mind They are, from time 
to time, prepared to utter sentences beginning ‘“‘I believe 
that  ”? More than this, books differ from articles in the 
journals in their objectives Both kinds of contributions to the 
literature have a beginning and a middle, but only of books (or 
good books) 1s 1t required that there should also be a conclusion of 
some weight and finality The authors of articles in the journals 
are allowed to finish with a statement to the effect that they are 
entirely at a loss to understand the observations they report and to 
declare that they will do their best, ın competition with those who 
are stimulated by reading their contribution to the literature, to 
find out Would-be book authors, by contrast, must (or should) 
know before they put pen to paper what case they seek to make 
(Publishers who make books by stringing together a 
muscellaneous collection of articles, or collections of papers given 
at some symposium, must by the same token appreciate that these 
are comparatively dull, not much like books ) 

There 1s another crucial respect in a which a book differs from 
some other contribution to the literature Although some books 
may only be ten times longer than, say, some journal articles, the 


difference of scale 1s a quantitative difference big enough to imply 
a qualitative difference As the world knows, book authors are 
repeatedly perplexed to know whether the point they are about to 
make in chapter umpteen has already been made in chapter one 
Put simply, those who set out to write books, and actually finish 
them, command a certain respect, even from those who may 
disagree with the conclusions 

Good reviewers appreciate these truths, and are (or should be) 
compassionate people If somebody writes a routine account of, 
say, the inorganic chemistry of selenium, and if the arrangement 
of the chapters is not precisely what the reviewer would have 
chosen, that does not amount to an excuse for a fierce attack on 
the author and his good sense and a warning that students 
everywhere should avoid the book like the plague In such fields ıt 
is well known that the unkindest course a reviewer can follow is to 
say nothing at all then potential purchasers will have to learn of 
the book by chance, while the book’s publishers will be at their 
wits’ end, seeking other ways of putting news of the book’s 
appearance into circulation In the last resort, after all, the 
reviewer’s task 1s to tell potential readers what a book seeks to 
accomplish and to say whether the author has done what heset out 
to do Part of the book reviewer’s licence 1s that he may, m 
passing, add a few reflections of his own on the good sense of the 
author’s goal So most book reviews should be essays in 
sympathetic understanding, marked sometimes with sorrow, 
rarely with anger And so they usually are 

There are, however, exceptions to this benign rule For the class 
of well-conceived books, each with its own sharp conclusion, 1s 
bound to include many whose conclusions are at once mistaken, 
even mischievous, but also likely to be persuasive This is why the 
craft of book reviewing frequently runs to polemic Thisis why H 
J Eysenck’s The Causes and Effects of Smoking (Temple Smith, 
1980), or Samuel Epstein’s The Politics of Cancer (see Nature 
284, 297, 1980) persuaded reviewers to soak their typewriter 
ribbons ın vitriol The arguments, right or wrong (and probably 
wrong, or at least incomplete), are such a challenge to accepted 
doctrine and at the same time So Self-consciously challenging that 
it1s helpful to readers to know the strength of opinion on the other 
side Polemic ıs therefore part (but ideally a small part) of book 
review columns Professor Dorothy Hodgkin’s review of Maurice 
Goldsmith’s book on J D Bernal (Sage, Hutchinson, 1980, see 
Nature 289, 99, 1981)1s more puzzling Goldsmith set out to write 
a biography of one of his heroes, and was savaged for his pains by 
another hero-worshipper, his reviewer No doubt the book 1s, as 
Professor Hodgkin says, ‘‘confused and inaccurate’’ It 1s also, 
however, a good book tn the sense of being a good read and also 
(for a hero-worshipper) honest in that it deals with the warts as 
well as the achievements —- sexual proclivities, ambivalence about 
Lysenko and all that Maybe Goldsmith’s book ıs ‘‘not the book 
that ıs needed about Bernal’’, but ıt 1s the only book we have On 
this occasion, polemic seems to have been misplaced In general, 
the truth about books 1s that they are milestones for somebody — 
certainly the author and the publisher — and that there are some 
occasions on which even bad books are better than no books 
Moreover, books differ from other contributions to the literature 
of scholarship in the diversity of their readership Their influence 
on students is important And books — or good books — can 
survive from one decade to another 
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Advice and dissent in White House science 


THE growing literature of science policy 
generally includes two kinds of books 
first-hand accounts of their own experience 
by principal actors in the processes of high- 
level scientific decision-making, such as 
those by James Killian, George B 
K:istiakowsky and Herbert York, or 
ar.alytical discussions by academic scholars 
based on study of official documents or 
interviews with the principal actors 
Edward Burger attempts to build a bridge 
between these two genres A member of the 
staff of the Office of Science and 
Technology (OST) from the time of the 
first Nixon administration to the abolition 
of the President’s Science Advisory 
Committee (PSAC) and OST in 1973, Dr 
Burger has built his book firmly on his own 
first-hand experience as an insider, but at 
the same time has attempted to bring a 
historical and analytical perspective to this 
experience and to put forth some 
important generalizations 

To the average observer of science 
policy, the Nixon administration tends to 
be viewed as the low point in the history of 
science in the White House The rather 
sudden decision to abolish the presidential 
sc.ence advisory apparatus in January 1973 
overshadows the many constructive 
initiatives that arose during this period As 
Burger reminds us, this was a time when the 
effort to ‘‘ervihanize’? OST and PSAC — 
to bring scientific considerations and the 
potential of science fully to bear on some of 
the nation’s major sociopolitical issues 
such as health care, environmental 
regulation, population policy and urban 
policy — reached its climax 
sophistication and sensitivity to the multi- 
pleity of influences bearing on even the 
apparently scientific decisions It 1s also re- 
freshingly free of self-justification or over- 
statement of the role of science The chapters 
on national health policy, on environment 
and health, and regulation to protect health 
and on population and family planning 
contain a wealth of new material relating to 
major Nixon administration imuitiatives in 
social policy which gradually became 
diluted by pluralistic political pressures 
These chapters are well worth reading even 
by those who care little about science policy 
or the role of science 1n the White House 

The subtitle of the book 1s unfortunately 
somewhat ambiguous and fails to do 
justice to all the themes which Burger 
develops Its meaning 1s never fully 
explained and conveys implications that 
are not really supported by Burger’s 
detailed conclusions It 1s thus not clear 
whether he means to umply that having a 
Science Advisor in the White House is a 
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political hability to the President, which 
tends to tie his hands in negotiating with the 
many contending constituencies that he has 
to satisfy or whether having a prominent 
presence in the White House 1s a political 
liability for the scientific community which 
compromises its long-term credibility 
before the public Perhaps both statements 
are true, but I do not believe that the ımplı- 
cation that science should be taken out of 
the White House is either intended by 
Burger or justified by the case histories 
which he analyses so perceptively 

In fact one could argue that science in the 
White House enjoyed some of its finest 
hours during the period covered by this 
account, if retamming the intellectual 
honesty of science ın the policy process 1s 
used as a criterion The report on 
Chemicals and Health, published by the 
National Science Foundation after the 
demise of PSAC, is still one of the most 
thorough and balanced discussions of this 
controversial topic Issued ın a climate of 
overwhelming environmental activism, its 
sober and balanced approach was little 
appreciated or heeded until much later 
Had it been heeded, some of the current 
over-reaction against the earlier excesses of 
the environmental movement might have 
been avoided The Toxic Substances 
Control Act (1976) derived from a concept 
that originated from the staff of the Science 
Advisor The OST staff, and Burger in 
particular, played a central role in shaping 
the recommendations of the Health Policy 
Review Group (1971) and the subsequent 
Presidential Message on Health The 
analysis of the Review Group stands up 
very well today, though ıt had little political 
effect at the tıme The OST also played an 
important role in following up the report of 
the Population Commission (1972), 
although here again the analysis was ahead 
of its time in political terms The Science 
Advisor played a reluctant but sensible role 
in devising the Quality of Life Review 
Process for considering the social and 
economic impacts of regulatory decisions, 
anticipating the regulatory review process 
established in the Carter admmustration 
The Science Advisor chaired a special 
committee created by the President to 
study the rather grandiose and politically 
motivated proposal for a New Technology 
Opportunity Program in 197] 

The recitation of these examples, 
however, poses the dilemma suggested ın 
the title of the book In referring to these 


activities favourably I am making an 
intellectual — not a political — judgement, 
because ın most instances the input from 
the OST, as Burger suggests, must be rated 
a political failure The intellectual con- 
clusions were mostly out of tune with the 
political climate and the President’s 
political goals — the classic problem of 
‘*speaking truth to power’’ The report on 
Chemicals and Health took too long to 
complete and appeared too late to have any 
significant impact on policy, and its 
balanced approach was out of tune with the 
public’s mood By the time the hard hitting 
and clever recommendations of the Health 
Policy Review Group had been distilled 
into a presidential message, much of the 
bite had disappeared, and health as a 
salient political issue had faded mto the 
background Much the same fate befell the 
report of the Population Commission The 
task force to follow up the report com- 
pleted its work at a time when political 
concern over US population growth had 
faded with the dramatic decline in fertility 
in the early 1970s Although the task force 
called for a presidential statement to 
endorse the Commussion’s principal 
recommendation for a national population 
stabilization policy, the chairman privately 
sabotaged this recommendation The 
technology initiatives programme, which 
was launched with great political fanfare, 
quietly foundered when Dr Edward 
David’s standing committee discovered 
there was much less there than met the eye, 
and was unable to identify any dramatic 
government initiatives that stood up to 
scientific scrutiny 

We thus end with a picture in which 
strong recommendations based on 
scientific input failed politically because 
they ran counter to the prevailing climate or 
antagonized strong political interests, on 
the one hand, or in which careful analysis 
debunked political initiatives on which the 
President had set great store, on the other 
Are the Science Advisor and his staff to be 
praised for ‘‘speaking the truth to power’’, 
for calling the shots as they saw them and 
for thoughtful and forward-looking policy 
analysis Or are they to be criticized for 
insufficient awareness of political realities 
and of the sensitivities of unportant political 
constituencies to which the President must 
respond? Is the performance of science in 
the Nixon White House to be viewed as a 
series of honourable failures derived from 
commendable devotion to mtellectual 
honesty and objectivity? Or is it to be 
condemned as the mark of politically narve 
amateurs incapable of appreciating and 
responding to the legitimate political needs 
of the chief executive? Burger poses these 
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Scientists at the White House, 1957-1981. Left to right, top to bottom: James Killian Jr (served under Truman, 1957-1959); George 
Kistiakowsky (Eisenhower, 1959-1961); Jerome Wiesner (Kennedy, 1961-1964); Donald Hornig (Johnson, 1964-1969); Lee Du Bridge 
(Nixon, 1969-1970); Edward David Jr (Nixon, 1970 to 1973 when PSAC and OST were abolished); H. Guyford Stever (Ford, 1976-1977): 
Frank Press (Carter, 1977-1981). President Reagan has not yet appointed a successor to Press. 


questions cogently in each of the examples 
which he analyses, but he does not really 
give us the answer. Perhaps there is no 
single answer and the greatest contribution 
of the book is revealing the dilemma in 
realistic detail. 

An important theme of this book, set 
forth in Chapter 2, is the fundamental 
conflict between rational policy planning 
and the push and pull of pluralistic political 
interests. The author presents the executive 
branch and the scientists as the proponents 
of such rationality against the pluralism 
embodied in the legislature. Yet there is a 
paradox here, which is not fully resolved in 
the book. It is true that in the efforts to 
introduce Program Policy Budgeting 
(PPB), to develop a comprehensive health 
policy or to formulate a rational and 
balanced national policy for 
environmental regulation, Burger’s model 
seems to apply. But he fails to note that in 
policy for science, as contrasted with 
science for policy, the roles of the scientists 
and politicians appear to be reversed. It is 
Congress that has continually pushed fora 
comprehensive national policy for science, 
most notably in the National Science and 
Technology Policy, Organization and 
Priorities Act of 1976. Furthermore, this is 


not a new phenomenon. In the nineteenth 
century, Congress was the repeated source 
of proposals for a cabinet Department of 
Science. In every case it has been the 
scientific community and the executive 
branch that have dragged their feet in 
regard to the comprehensive planning of 
science and technology. More recently, 
OSTP under the Carter administration has 
attempted to divest itself of most of the 
planning and systematic reporting 
functions mandated by the 1976 Act. 
Whereas Congress has viewed OSTP and 
the Science Advisor as a kind of general 
staff for science and technology in the 
United States, the Science Advisor and 
most of his constituency in the technical 
community have viewed his role more 
modestly and have strongly favoured a 
pluralistic, decentralized approach to the 
support of science itself. 

It is interesting to speculate on the causes 
of this paradox of science as the advocate 
of planning in the spheres of public policy 
and pluralism in the field of science, while 
the Congress and the more politically 
minded Executive take the exactly opposite 
view. The answer may lie in the internal 
politics of the scientific community itself. 
This community is not a monolithic group 


but rather congeries of frequently con- 
flicting interests and views. Planning 
for science, especially by scientists, entails 
a high political cost within the scientific 
community, which would rather take its 
chances on the free play of political 
advocacy between the different segments 
of the scientific community and the 
political process. It would have been 
desirable if Dr Burger had explained this 
particular paradox a little further. 

Altogether, though, this is a valuable 
book which should be of interest to a wide 
public. It provides some fascinating 
insights into some of the major social 
policy debates of the early 1970s; it is a 
contribution to the analysis of the role of 
White’ House science advice from the per- 
spective of a staff officer carrying out 
policy support rather than making policy; 
and it provides excellent case material for 
scholars and students in the field of science 
policy. On top of that it is well written, 
literate and sophisticated. 


Harvey Brooks is Benjamin Pierce Professor of 
Technology and Public Policy at Harvard 
University. He was a member of the President's 
Science Advisory Committee from 1959 to 1964. 
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Most scientists are interested in scientific 
education, if only for the memory of their 
own debt to it. I imagine that a great many 
became scientists because they were lucky 
enough to have an inspiring teacher. My 
own at Marlborough College was A. G. 
Lowndes, a remarkable man who trained 
several Fellows of the Royal Society and a 
Nobel Prize Winner (Peter Medawar). He 
inspired us by his own somewhat amateur 
researches, he showed us endless living 
things and, by making us work even in our 
spare time, taught us that all science 
involves much hard work. 

These are perhaps the main items that 
must be included in any scientific 
education: it must catch enthusiasm, it 
must cover a huge mass of facts and it must 
find out those who can enjoy learning a lot 
of detail. This is how scientists are made, 
but in the process they seldom learn much 
about the position of science in society, still 
less about its history or philosophy. 

It is these defects that are the particular 
concern of Professor Ziman as indicated 
by the title of his book. I cannot remember 
ever hearing them discussed by my teachers 
either at school or university. Probably 
many scientists still take up their subject 
because they are interested and like it, 
though there is now more concern about tts 


social implications. They are all too liable. 


to fall into what Ziman calls ‘‘scientism 
and technocracy’’, the uninformed as- 
sumption that everything that is done in the 
name of science is good. How can this 
restriction of the development of young 
scientists be avoided? Ziman has tried to 
encapsulate the problem under the 
acronym STS — Science, Technology and 
Society. These themes permeate the 
political, economic and cultural issues of 
our times yet “‘there is no rationale of STS 
as an educational subject’’, although 
various courses of study of it have been 
tried. In trying to provide this rationale 
Ziman manages to stimulate thoughts 
about a great many fundamental 
questions, even beyond those dealing with 
the educational problem itself. 

For instance, one feels that the 
discussion obviously needs a definition of 
science, and many times Ziman seems on 
the point of providing one, but wisely never 
comes down to calling it a definition. 
Sometimes it is a question of method: 
‘Science derives its practical power and 
authority from the rigours of its arguments 
and the hardness of its facts’’. Moreover, 
he repeatedly stresses that the production 
of scientific knowledge is a social process. 
Then only a page later we are in a different 
world of discourse: ‘‘There is no single 


‘scientific’ map of reality — or if there 
were, it would be much too complicated 
and unwieldy to be grasped or used by 
anyone’’. Is this true? I suspect that Ziman 
doubts it himself. He pursues the question 
into a discussion of the hierarchy of 


scientific enquiry and the questions of 


emergence and reductionism, 
the notion that the properties of complex ` 
systems such as organisms or molecules 
can be ‘reduced’ to the laws satisfied by 
simpler systems such as cells or atoms — is 
not only a very dubious philosophy, it isa 
dangerous folly in science education, 
where the map appropriate to each level 
must be taught wholeheartedly according 
to its own lights 
Yet probably most scientists have a 
hankering for that ‘‘folly’’. And is it indeed 
so foolish? It is true that chemistry and 
biology have their own laws but no one can 
go all the way in either of those sciences 
unless they know something about physics. 
However much ‘‘autonomy”’ there may be 


- for each part of science there is still, at least — 


for many of us, ascientific map or model of 
the world to which we try to refer all events 
and all knowledge, including the 
knowledge of ourselves. It seems that the 
human brain is so constructed that it tries 
to build all its information and schemes of 
action around a unified model. Of course 
this grows gradually in each one of us, 
centred at first around a parental scheme. 

The scientific model, if properly learned, 
can provide the adult substitute, which 
many people feel they lack in the absence of 
religion. That is of course not to say that 
science should be dogmatic or be treated as 
religion, but that it can provide what 
Ziman calls ‘‘the possibility of discovering 
order in nature” and to do this is a require- 
ment for human life. We all need some 
system of order. Incidentally this is a 
characteristic specific to human beings and 
not present in our nearest relatives. Ziman 
actually recognizes this later in his book 


when he says that ‘‘scientific world 


_ pictures” allow ‘‘deductions that help us 


along the way through life’’. 

This is only one of the ends that tie: 
believes could be achieved by the proper 
attention to STS education. He holds that 
they can only be reached by specifically 
designed courses for all levels of scientific 
education. In the later part of his book he 
discusses how these should be planned for 
different stages. He is against ‘‘General 
Science that is too sloppy and technical 
science that is too arbitrary’’, and he 
advocates a ‘‘valid science’. This is easy 
enough to say until you come to the job of 
deciding what to put in and what to leave 
out. Ziman discusses the many ways in 
which it could be done. For instance, it can 
be through the social relevance and appli- 
cations of science, through its possibilities 
as a vocation for the individual, or its 
history, or its philosophy or its value in 
solving world problems. But he does not try 
to specify the content of particular courses. 
His aim is to show that the teaching of 
science at present is grossly defective 
because it does not properly develop the 
understanding of the individual either of 
himself or society, or indeed of the nature 
of the science he is learning. His plea is that 
teachers of science should take definite 
steps to fill this gap by designing what he 
calls STS courses. He knows that there will 
be much opposition and anyone who has 
tried to introduce such courses will have 
experienced this. But there are many 
people ready to agree with his plea that a 
better understanding of the relations of 
science and society is needed for the proper 
training of research scientists as well as 
doctors and other technologists, not to 
mention civil servants, politicians and the 
general public. A major value of this inter- 
esting book is that it makes you realize how 
difficult it is to reach agreement either 
about the nature of science or its proper 
place in society. = 


J.Z. Young is Emeritus Professor of Anatom y, 
at the University of London. 


IQ gladiators in separate combat 


Stuart Sutherland 


Intelligence: The Battle for the Mind. H.J. 


Eysenck versus Leon Kamin. Pp.192. 
ISBN hbk 0-333-31279-1/0-471-08884-6; 


ISBN pbk 0-330-36399-4. (Macmillan. 


Press, London/Wiley, New York/Pan: 
1981.) Hbk £12, $12.95; pbk £2.95. 


NATIVISTS have battled with empiricists for 
many years, but never with such fury as 
over the inheritability of intelligence. It 
might be thought that the issue could be 
resolved by bringing together 
representatives of the opposing sides and 
letting them argue out, point by point, the 


‘evidence for the respective roles of 


inheritance and of environment, 
Intelligence: The Battle for the Mind could 
have provided just such an opportunity, 
but unfortunately it is constructed in sucha 
way that the combatants only skirmish and 
never meet in a decisive battle. 

The book contains four sections. In the 
first, Professor Eysenck sets out his case 
for supposing that in Western society 
inheritance accounts for about 80% of the 
variation in intelligence. Although he does 
not enumerate them, he deploys 20 differ- 
ent lines of evidence from which he claims 
this inference can be drawn. In the second 
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section, Professor Kamin produces his 
criticisms of some of the evidence for the 
importance of heredity, but this section is 
not areply to Eysenck’s initial foray since it 
was evidently written without Kamin 
having read it. In consequence, many of 
Kamin’s arguments are beside the point: 
for example, although Eysenck excludes all 
reference to Burt’s data, now universally 
acknowledged — thanks to Kamin’s 
brilliant detective work — to have been 
faked, Kamin devotes a chapter to 
attacking Burt. In the final two sections, 
which are much too brief, Eysenck replies 
to Kamin’s set-piece and Kamin to 
Eysenck’s, and there the matter rests. 

No agreement is reached on which 
aspects of the evidence are reliable and 
which are not, and both authors are guilty 
of failing to meet the arguments adduced 
by the other. Thus, in his opening section 
Eysenck ignores many of the criticisms pre- 
viously levelled by Kamin. For example, 
one of the strongest arguments in favour of 
the role of inheritance is that when 
monozygotic twins are brought in by foster 
parents, there is a higher correlation 
between the IQ of the natural parents and 
the child than between that of the foster 
parents and the child. Kamin has put 
forward two ingenious suggestions to 
explain this correlation in environmental 
terms. First, many of the foster children in 
question spent a year or more of their lives 
with their natural parents before moving to 
foster parents. Second, the IQ and the 
socio-economic status of foster parents is 
in general high and has much less variance 
than the IQ of the population at large: this 
reduction in environmental variance would 
reduce the effects of environment. One 
would have liked to have seen Professor 
Eysenck’s reply to these arguments, but it is 
not to be found in the book. On the other 
hand, Eysenck points out that there is a 
higher correlation between the IQs of 
monozygotic twins reared together, but 
one looks in vain for Kamin’s response to 
this argument. 

Both authors give the impression of 
being determined to make a case and of 
selecting data that forward that case. Itisa 
pity that Eysenck did not concentrate on 
the most solid evidence for inheritability 
and ignore dubious or unrepeatable 
findings. For example, he argues that there 
is a difference in the brain waves (EEGs) of 
the intelligent and unintelligent and that 
this difference suggests intelligence is 
inherited. Not only is the argument 
fallacious, since there is no reason why 
brain waves should not be in part 


determined by environmental factors, but — 


recent attempts to repeat the finding 
Eysenck uses have failed. 

Eysenck points out that Kamin does not 
have a theory of intelligence. With great 
ingenuity, Kamin has taken a number of 
pieces of evidence thought to support the 
hereditary case and has shown that there 
are other possible explanations: he has not 
proved that these other explanations are 


correct. Moreover, since Kamin treats each 
piece of evidence in isolation, he is able to 
use individual arguments that are inconsis- 
tent with one another. Thus, as Eysenck 
notes, Kamin explains the large differences 
in IQ between dizygotic twins reared 
together by assuming a large difference in 
the way they are treated within the family. 
Elsewhere, however, he explains the 
similarity in the IQs of monozygotic twins 
brought up apart by arguing that each pair 
is placed in families of a similar socio- 
economic background. Taken together, 
Kamin’s two arguments imply the absurd 
conclusion that there is less environmental 
difference between families than within a 
family. 

There are a few things on which both 
authors agree. Moving children from 
deprived homes to particularly good homes 
can bring about a shift of up to 20 points 
in IQ. Although Kamin regards this as 
compelling evidence for the overriding 
importance of environment, Eysenck is 
able to show that it is consistent with his 
own theory of intelligence. He does not 
maintain that a large shift in environment 
cannot change IQ, merely that in 
conditions as they exist today IQ is more 
determined by heredity than environment. 

Kamin does not help his case by his 
personal virulence towards Eysenck. The 
fact that Eysenck has twice made a mistake 
about the sex of an author whom he cites 


has surely nothing to do with the inheri- 


tance of IQ; and it is merely distracting to 
the reader for Kamin to stress past errors 
made by Eysenck, at least some of which 
(for example, his defence of Burt) Eysenck 
now acknowledges. Moreover, Kamin’s 
allegation that the aim of the science of 
genetics is to make ‘‘the world comfortably 
safe for white males” is both vituperative 
and false — white males were a good deal 
safer before IQ tests were ever thought of. 
Eysenck rightly insists that differences in 
the average IQs of groups have no bearing 
on how the individual should be treated. It 
is impossible to predict the individual’s IQ 
from skin colour, sex or social class and in 
at least some instances the use of objective 
tests for selection has favoured under- 
privileged groups. Burt may have been a 
scientific scoundrel, but his introduction of 
intelligence tests for secondary education 
in Britain between the wars doubled the 
proportion of poor children in secondary 
schools. 

Like all scientific discoveries, the results 
of work on intelligence testing can be used 
for good or ill. As Eysenck notes, recent 
decisions by anti-racists in the United 
States are likely to be extremely damaging 
to minority groups. For example, it is folly 
to insist that equal proportions of blacks 
and whites should enter training 
programmes for the educationally 
subnormal, if, for whatever reason, a 
higher proportion of blacks than of whites 
need the help of such training. Eysenck 
quotes a remark of Dr Johnson’s which 
sums up the position: when asked whether 


men or women were more intelligent, he 
replied: ‘Which man? Which woman?’’. 
Intelligence: The Battle for the Mind isa 
wasted opportunity. One feels that had 
Eysenck concentrated on the most 
compelling arguments for the role of 
inheritance, and had he attempted from the 
outset to meet Kamin’s ingenious but ad 
hoc arguments where they could be met 
and conceded cases where they could not be 
met, the debate might have been settled. 
Eysenck might not have proven that IQ is 
80% inherited, but he might have 
established once and for all that there is a 
strong inherited component. r 
Neither combatant comments on the 
scientific importance of intelligence 
testing. A much more destructive criticism 
can be made of the whole enterprise than 
any advanced by Kamin, namely, that it 
has told us nothing about how the human 
mind works nor has it given any answer to 
the really important applied problem ~ 
how can we makeit work better? 2 


Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition at the 
University of Sussex. 


Reality of science 
Peter Newmark 


An Imagined World, By June Goodfield. 
Pp.288. ISBN 0-06-011641-2. (Harper & 
Row: 1981.) $12.95 US only. 


IF A scientist wishes to discover what makes 
a certain type of cell tick, she may well 
spend five years studying its behaviour and 
composition. If a writer wishes to find out 
what makes that scientist not only tick but 
chime, by way of making scientific dis- 
coveries, she may decide to track the 
scientist’s every thought throughout the 
five years. That neither venture is 
guaranteed to succeed is illustrated by this 
book. The story, however, is not without 
interest. 

In 1975 June Goodfield met Anna Brito 
(a pseudonym) who was then on sabbati- 
calin New York and, within hours, decided 
that she fitted the bill of an individual 
research worker through whom to follow 
the process of science. Goodfield found 
Anna Brito ‘‘articulate, amusing and 
somewhat different from the majority of 
scientists I had met before’’, and sensed 
that Brito was at a stage where doors were 
beginning to open. In one sense, at least, 
she was right. Within a year of returning 
from New York to Glasgow University, the 
doors of New York’s Memorial Sloan- 
Kettering Cancer Center had opened to Anna 
Brito. From then on Goodfield had ready 
access to the scientist. So except for the first 
year and for a period in 1977, when progress 
is recounted through letters and tape 
recordings, the tale is told in narrative form. 
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Through the letters, recordings and 
narrative emerges a story that illuminates 
the working life of a scientist in a detailed 
and open way that has seldom, if ever, been 
done before. Unlike The Double Helix, An 
Imagined World contains little glamour, 
much toil, many failures, much anguish 
and no prizes. It is, in a word, realistic. 
Whether that makes for interesting reading 
is a matter of taste. Certainly for the 
working scientist there will be few 
surprises, but there may be reflections, 
both pleasant and not so pleasant, to be 
seen in the mirror of Anna Brito’s progress. 
For the non-scientist who does not realize 
just how great a travesty of the making of a 
discovery is the usual account given in a 
scientific paper, the book is bound to come 
as an eye-opener. 

it would be hard, however, to claim that 
Anna Brito’s experiences were particularly 
typical. Her first, and arguably most 
important, discovery certainly came about 
in an unusual way. She found herself in a 
London laboratory, unable to speak much 
English, having neither skills nor ideas to 
offer and altogether a rather unwanted 
visitor. Her supervisor, somewhat in 
desperation, gave her a large collection of 
sections of mice to examine through a 
microscope. Against all the odds she 
noticed something both original and inter- 
esting. Her observation amounted to the 
discovery that T-lymphocytes and 
B-lymphocytes have predilections for 
separate zones of tissues. | 

In the years that followed, Anna Brito 
pursued her discovery of what she called 
‘ecotaxis’? and developed the idea that 
certain diseases were associated with 
wrongly located lymphocytes. This 
condition she called ‘‘ecotaxopathy’’, a 
term guaranteed to turn purple the faces of 
many immunologists. Clearly not a lady to 
be thrown off course by such reactions or 
by what, to many, would surely be an 
unnerving number of grant refusals, her 
research continued in the same vein 
throughout the period covered in the book. 

Much of what is recounted rings true; for 
example, the long periods Anna Brito 
spends reading around her subject hoping 
to place her observations into a broader 
context. Other features of her laboratory 
life seem less convincingly told. Only twice, 
for example, is there any mention of her 
having any scientific competitors. This is 
either true and untypical, or untrue and 
misleading, given the extent to which 
competition drives so many scientists. 

The chief virtue of the book 1s that it 
recounts in detail the thoughts and actions 
of a scientist brave enough to be open 
about her mistakes and failures and to bare 
many of her thoughts, despite the risk that 
some might look naive at the time and 
worse in retrospect. But the book fails to 
shed much light on the process of scientific 
discovery or to sustain interest for one 
simple reason; as it happens, nothing that I 
could classify as a substantial discovery 
emerges during the period covered in the 


book. 

Finally, potential readers might be 
attracted by two puzzles. The first, not too 
taxing, is the real identity of Anna Brito. 
The second, perplexing, is why, given the 
circurnstances of the initial discovery that 
set her on the pilgrimage of research, Brito 


can later say: “I can’t stand people who 
just put everything together and try to see 
what happens -- who don’t think before 
doing an experiment . . . I could never do 
science like that’’? 





Peter Newmark is Deputy Editor af Nature. 


Will the real Beaker Folk please stand up? 


Colin Burgess 


Copper Age 
Archaeology in Western Europe. By 
Richard J. Harrison. Pp.176. ISBN 
0-500-92098-1. (Thames & Hudson: 1981.) 
£12, $19.95. 


The Beaker Folk: 


“BEAKER Folk’’, like the Wee Folk, exist in 
the mind of the beholder, and Dr Harrison 
is aS uncertain in his attitude to ‘‘Beaker 
Folk’’ as most of us are about fairies. His 
last chapter, ‘‘Was there a ‘Beaker 
Folk?’,’’ was eminently sensible, and his 
conclusion that they ‘‘have no substance as 
a special population group’’, and that the 
Bell Beaker phenomenon began ‘‘as a 
fashior in fine pottery’’, would meet with 
widespread approval among students of 
the subject. 
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Gorge of the River Verdon in Provence, “an 
exceptionally interesting site’’. 


Unfortunately, this attitude does not 
square with the contradictions in his pre- 
ceding six chapters. The author claims in 
several places not to believe in ‘‘Beaker 
Folk’’, but clearly finds it difficult to erase 
them from his subconscious. His inner con- 
fusion will leave the reader feeling pro- 
foundly uncomfortable, because it is 
obtrusive throughout: to quote from the 
jacket, ‘‘the so-called ‘Beaker Folk’ were 
not a separate, well-defined community, 
but constituted more of an influence or 
movement’’, yet in the next sentence 
“They appear to have been instrumental in 
introducing metal technology’’, and their 
arrival ‘‘coincided with major changes in 
the structure of primitive society”. Such 
ambivalence left me wondering at the end 


whether the author had experienced a late 


change of heart about ‘‘Beaker Folk’’, and 
been forced to take a scalpel to his text; or 
perhaps it is simply that he, like most of us, 
finds it difficult to adjust to a world 
without ‘‘Beaker Folk”. 

In many ways, Harrison engineers his 
own downfall. On p.13 he complains that 
“One bad habit which many archaeologists 
have had is to abstract beakers from their 
local settings and study them as something 
alien and isolated’’, which is exactly what 
has bedevilled study of this period in 
Europe, and is exactly the mistake this 
book perpetuates. For sadly, Harrison is 
largely concerned with his title, The Beaker 
Foik, and hardly at all with his subtitle, 
Copper Age Archaeology in Europe. But 
until the former is strictly subordinated to 
the latter, understanding of this exciting 
phase of European prehistory will advance 
very little. 

There is a fundamental controversy 
about Beakers at the moment, and it 
should therefore be a priority in a work 
such as this to begin with a fair statement of 
the issues. As it is, for much of the book — 
until the last chapter in fact — Harrison 


-skates over the difficult question of Beaker 


interpretations with brief, throw-away 
allusions, and in so doing is hardly fair to 
those who have been trying to open up the 
whole question to review. For example, on 
p.11 he is decidedly disparaging about the 
suggestion that Beakers may have been 
central to a beer drinking cult, but on p.15 
they may ‘‘have been status symbols .. . 
perhaps on account of a special drink’’, 
and on p.69 ‘‘Bell Beakers could also have 
derived their importance from their 
contents, such as beer, mead. . .’’. If he 
looks again at what S.J. Shennan and I 
wrote in British Archaeological Reports in 
1976, he will see that our concern was not to 
set up alternative models to explain 
Beakers, but to show that there are explan- 
ations, other than ethnic ones, which will 
fit the evidence. Harrison, like some 
others, has seized on the evocative 
peyote/beer suggestion, but does not 
mention the equally relevant Butt Beaker 
analogy. 

The author’s preoccupation with the 
Beaker aspects of this phase of prehistory 
results in much of the book being a rather 
dreary regional catalogue of contexts and 
sites in which Beakers occur. How much 
more illuminating it would have been had 
he remembered his sub-title, and con- 
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sidered the local background. As it is the 
Beakers too often float in a vacuum. The 
reader will find it nearly impossible to grasp 
how they relate to regional cultural 
developments, for frequent allusions make 
it clear that Beakers were absorbed by local 
populations and adapted to suit local cir- 
cumstances. Thus Myrhøj in Jutland is a 
‘*Bell Beaker settlement” (p.35), but only 
one house had Beakers. Local Late 
Neolithic pottery dominates, but where 
does it fit in? In Hungary, the Beaker is 
intrusive in local Vučedol contexts, while 
over the Eastern Beaker province as a 
whole ‘“‘between 80% and 90% of all 
pottery found in Bell Beaker graves [sic] is 
not actually of a beaker shape at all [my 
italics], but small cups, jugs, bowls and 
jars”. So why should these be ‘‘Bell Beaker 
graves’’ and Myrhgj a ‘‘Bell Beaker 
settlement’’? 

What is needed here, if ever we are to 
make sense of the Copper Age in Europe, is 
a radical change in thinking. These are nor 
‘*Bell Beaker’’ graves and settlements, but 
the graves and settlements of whatever 
local cultural group is involved, which 
happen to incorporate Beakers and Beaker 
influence to varying degrees. Usually 
Harrison at least acknowledges a local 
cultural element, for example in southern 
France (pp.114-116), and especially in 
Italy (p.123), where recent discoveries 
offer a good chance of putting Beakers into 
proper perspective. Alas, in Britain and 
Ireland, Harrison opts for the traditional 
Beaker invaders. ‘‘Bell Beaker 
settlements’’, as at Newgrange and 
Knowth, are mentioned without making it 
clear that only a fraction of their pottery is 
classic Beaker; a lot of it is decidedly sui 
generis, and the rest local in character. For 
me, the treatment of Britain is particularly 
disappointing: the author fails to examine 
objections to a distinct Beaker physical 
type; he does not scrutinize critically the so- 
called Beaker innovations; and he appears 
not to appreciate the supreme importance 
of the Lanting and Van der Waals regional 
approach, not just for British Beakers, but 
for later British prehistory generally. 

It would be churlish not to compliment 
the author on his choice of illustrations, 
which make clear the skill and patience 
which went into producing Beakers; and as 
a panoramic view of the variety of regional 
Beaker styles this book will be invaluable. 
But Harrison’s aim is to ‘‘give an intelli- 
gible account of the Copper Age in 
Western Europe” (p.6) and he does not 
seriously attempt the task. It is a perilous 
time to write on the Beaker phenomenon, 
but suicidal not to havea clear idea in one’s 
own mind beforehand of what Beakers are 
all about. I confess that I would not be so 
rash as entirely to dismiss the Wee Folk; 
but I have no such qualms about the 
‘*Beaker Folk”. n 


ie a i 
Colin Burgess is Staff Tutor in Archaeology, 
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Mummies: new light on ancient societies 


A. Rosalie David 


An X-Ray Atlas of the Royal Mummies. 
Edited by James E. Harris and Edward F. 
Wente. Pp.403. ISBN 0-2263-1745-5. 
(Chicago University Press: 1980.) $55, £33. 
Mummies, Disease and Ancient Cultures. 
Edited by Aidan and Eve Cockburn. 
Pp.360. ISBN 0-521-23020-9.(Cambridge 
University Press: 1980.) £25, $45.95. 


GRAFTON Elliot Smith, Armand Ruffer. 


and Alfred Lucas led the field in the 
application of their disciplines — anatomy, 
histology and chemistry — to the study of 
ancient Egyptian mummified remains in 
the early part of this century. Since then, 
there has been a continuing interest in the 
use of medical and scientific techniques to 
amplify historical and literary knowledge 
of family relationships, the existence of 
disease, living conditions and funerary 
practices in this ancient civilization. Recent 
technological advances have encouraged 
further multi-disciplinary research, and the 
study of mummies has provided the 
Egyptologist with new information. 

The discovery of the Egyptian royal 
mummies of the New Kingdom period (c. 
1675-950 Bc) was an archaeological find of 
considerable significance. The pharaohs 
and their queens, buried with great 
ceremony in rock-cut tombs at Thebes in 
Upper Egypt, were soon disturbed by 
robbers; their tombs were plundered and 
their mummies stripped of precious 
amulets. The high-priests of the god Amon 
re-buried many of these royal mummies in 
two resting places — the shaft of a tomb 
near Deir el-Bahri and a side chamber in a 
King’s tomb in the Valley of the Kings — in 
the vicinity of Thebes. Here, they remained 
undisturbed until the chance discovery of 
the two caches in AD 1871 and AD 1898. 

The mummies were subsequently re- 
moved to the Cairo Museum, where they 
were unwrapped and investigated by 
archaeologists and anatomists in 1889 and 
in 1912, when G. Elliot Smith produced his 
definitive anatomical work entitled The 


Royal Mummies. This included the 
examination of kings, queens, princes, 
princesses, priests and some unidentified 
individuals. However, having the 
opportunity to examine only one of these 
mummies with radiographic techniques, he 
Stated that ‘*. . . examination with the aid 
of X-rays would, no doubt, have provided 
much additional information and I hope 
this will be done at some future time. . .”’. 

This opportunity did not arise until 
1967, when the University of Michigan, 
which had previously collaborated with 
Alexandria University in a radiographic 
survey of the skulls of an ancient Nubian 
people, was invited by the Egyptian 
authorities to X-ray the royal mummies in 
the Cairo Museum. 

Their aims were to add to historical and 
literary sources relating to the chronology 
of this period and to the lengths of the 
rulers’ reigns; to assess the health of each 
individual; to check the reality of the royal 
sculpture and art forms against the physical 
evidence of the mummies; and, using a 
portable X-ray cephalometer, to determine 
the craniofacial variations and the degree 
of physical heterogeneity evident in the 
pharaohs and queens of the New Kingdom. 

The Atlas provides the long-awaited 
reference work (a popular interim account 
by J. E. Harris and K. R. Weeks, X-Raying 
the Pharaohs, was by published in 1973 by 
Charles Scribner’s Sons). It does not give a 
detailed description of each mummy, but, 
in addition to the illustrative material, uses 
a series of self-contained chapters to 
highlight features of this unique collection. 
The chapters reflect the individual interests 
of the multi-disciplinary team, and include 
techniques of mummification, the practice 
of medicine and dentistry in ancient Egypt, 
evidence of physical and dental disease in 
the royal mummies, radiological tech- 
niques and findings, the geneaology of the 
Royal Family and craniofacial variation, 
and the age at death of the New Kingdom 
pharaohs (here, Egyptological and 





From X-Ray Atlas of the Royal Mummies E 


Department of Adult Education, University of 
Newcastle upon Tyne, and author of The Age of 
Stonehenge (Dent, 1980). 


Mummy of King Ramesses II, nineteenth dynasty. 
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physical evidence, sometimes at variance, 
is assessed separately). Such an approach, 
as admitted by the editors, results in a 
degree of repetition and an overlap of 
material in some instances. However, it is 
useful and interesting to see the physical 


and historical evidence summarized. 


independently. 

Another difficulty which the in- 
vestigators faced, because of the 
paramount consideration for the safety of 
the royal mummies, was the necessity of 
examining the mummies in their modern 
wooden cases in the museum, instead of 
under near-ideal conditions in a 
modern radiology department where 
sophisticated equipment and a variety of 
radiological techniques would have been 
available. There is a consequent lack of 
quality in the X-rays and possibly in the 
completeness of the evidence obtained. 

However, some of the most interesting 
results included the observation that, 
unlike certain other Egyptian mummy 
collections, these royal mummies showed a 
marked degree of cultural and genetic 
heterogeneity. This reflected the presence 
of foreign princes and princesses in the 
Egyptian royal family of the New Kingdom 
rather than the averred custom of royal 
consanguineous marriages undertaken to 
ensure succession to the throne. Another 
tentative conclusion, reached through the 
use of scienctific techniques, was that a 


mummy known previously as the “Elder 


Lady” was in fact probably Queen Tiye, a 
close relative of Tutankhamun. 

Nevertheless, the caution which 
historians should observe in utilizing the 
results of such scientific investigations is 
well illustrated by one of the conclusions 
drawn here. This concerns the proposed 
relationship between the pharaohs 
Amenhotep HI and Tutankhamun. Pre- 
vious investigations of the mummies 
attributed to these kings, undertaken by 
Professor R. G. Harrison and his 
coileagues, and based on palaeoserological 
and anatomical observations, had indi- 
cated that Amenhotep IH was probably 
Tutankhamun’s father. However, a 
different conclusion is drawn here: ‘‘The 
cephalometric X-ray records would not 
support the ... contention. It is most 
improbable that the mummy designated 
Amenhotep IH was the biologic father of 
King Tutankhamun’’. 

The second book reviewed here, 
Mummies, Disease and Ancient Cultures, 
deals with a wider range of techniques and 
also shows how a variety of societies have 
preserved their dead, either unintentionally 


or by artificial methods, as ‘‘mummies’’. - 


This study again shows the value of a multi- 
disciplinary approach. In the long term, it 
is hoped that the work will go some way 
towards answering questions concerned 
with the origin of diseases and their 
evolution in different societies. To this 
end, the team is committed to a detailed 
pathological study of world-wide 
collections of mummies. 


A summary is given of the work to date, 
and although Egyptian and South 
American mummies have received most 
detailed attention at present, a survey of 
other mummified remains is included — 
those discovered in the United States, the 
Aleutian Islands, Alaska, the bog bodies of 
Denmark, mummies in Australia and 
Melanesia, and Japanese examples. 

A complete section is devoted to reports 
of the techniques involved in this study 
which include physical anthropology, 
radiology, histology, electron microscopy, 
palaeoserology and palaeobiochemistry. 
Not only does the book illustrate the 
various methods — heat-drying, freezing 
or the application of dehydrating agents — 


by which a body can be preserved, but it 
also shows how diverse are the religious 


and environmental reasons which bring 


about mummification in different parts of 
the world. 

Both books reflect a resurgent interest in 
the application of scientific techniques to 
the physical remains of ancient societies, 
which, used with due caution and 
appreciation of the possible fallability and 
limitations of such investigations, can 
provide the historian with a valuable 
additional insight. a 


Rosalie David is the Egyptologist at the 
Manchester Museum, University of 
Manchester, and Director of the Manchester 
Egyptian Mummy Research Project, 


The cradle of geology refurbished 


John Sutton 





The Geology of Europe. By Derek V. Ager, 
Pp.560. ISBN 0-7084-115-2. (McGraw- 
Hill: 1980.) £16, $38.40. i 


IN MY Opinion this is much the best account 
of the geology of Europe to have appeared 
since Gignoux published his Géologie 
Stratigraphique over 50 years ago. Derek 
Ager describes his subject as Europe seen 
by a stratigrapher—palaeontologist. He 
treats his material very differently from 
Gignoux and the contrast is illuminating. 
Gignoux drew nine-tenths of his examples 
from Europe, and, in so doing, produceda 
comprehensive account of its geology 
which started with the oldest rocks, 
proceeded through younger formations to 
the most recent, providing abundant 
stratigraphical successions and the like on 
the way. Ager throws this approach out of 
the window; there is hardly a 
Stratigraphical table in the book, so that he 
has space for much else. 

Ager divides Europe into four regions on 
the basis of the relative ages of the last 
extensive period of metamorphism and 
deformation to have affected them. The 
geological history of each region is then 
described from start to finish — a method 
which brings out relations of older and 
younger events particularly well. Each of 
the four sections ends with a concluding 
chapter a few pages long. I was particularly 
struck with Ager’s concise, five-page 
summary of Precambrian Europe. 
Although, as he puts it, “‘the Precambrian 
history of our continent is for the most part 
lost in the mists of metamorphism’’, he 
packs a telling account into that brief 
chapter. 

The main virtue of this book is the way in 
which it brings together details to give a 
geological picture on a continental scale. 
Derek Ager has an interesting approach to 
geophysics; he appreciates ‘‘the hurricane 
of fresh air that new geophysical thoughts 
breathed into our subject’’. He goes on to 
write what is one of the best accounts of 


any continent, set out on precisely the scale 
which would make it possible to compare 
the geological history of basins and up- 
lifted crystalline blocks with the results of 
geophysical surveys. Such comparison, 
however, he leaves to others. He gives a 
good defence of his treatment, and in his 
introduction makes the point that any 
additional matter has to be balanced by the 
omission of something else. However, ina 
second edition | would hope at least toseea 
discussion of outline gravity and magnetic 
maps, and an account of crustal thickness, 

Of all the continents, Europe is probably 
the most difficult to handle. Its geology is 
discussed in 20 languages, it is criss-crossed 
by frontiers and its complexities are 
probably the most apparent of any con- 
tinent. Ager sails through all these diffi- 
culties triumphantly. He has travelled the 
continent repeatedly, he lists friends and 
helpers in every country; he is bold in his 
summaries and he writes with great clarity, 
and is not afraid to say what he thinks is 
important. Personal touches abound; we 
hear about the view from his study window 
and the nature of the rock surmounting the 
Ager garden gate. Historical figures pop up 
from time to time: Drake’s game of bowls 
and the sailing of the Pilgrim Fathers 
illuminate the account of Plymouth Hoe. 
Whether, in consequence, one remembers 
which stage of the Devonian outcrops 
below the turf is probably a matter of 
individual experience. I expect every reader 
will find some of the allusions obscure; 
there are plenty of traps for the translators 
who will certainly get to grips with this most 
useful book. Unless they know their 
Sherlock Holmes and Irish mythology, we 
may yet see chien de chasse des 
Basquervilles and Blarneystein among the 
faunal lists and formation names of the 


$ t 


future. E 


John Sutton is Pro Rector and Professor of 
Geology at Imperial. College, University of 
London. 
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Clocks in grandfather’s rocks 


G.Y. Craig 


The Abyss of Time: Changing Conceptions 
of the Earth’s Antiquity after the Sixteenth 
Century. By Claude C. Albritton Jr. 
Pp.251. ISBN 0-87735-341-7. (Freeman, 
Cooper: 1980.) $12.75 US only. 








THE essence of this story is quite dramatic. 
The calculated age of the Earth has 
increased from a little less than 6,000 years 
to more than 4,500 million years in the last 
three centuries. The Earth, of course, has 
remained untouched by this spectacular 
revolution apart from the addition of these 
few hundred years. What Aas changed has 
been the consensus of opinion by 
philosophers, theologians, physicists, 
geologists and evolutionists as to how old 
the Earth actually is; and it is salutary to be 
reminded by younger colleagues that 
estimates of the age of the Earth have 
doubled even since I was a student in the 
1940s. Most fortunately this precipitous 
rate of ageing seems to have stopped. 

The two main ways of looking at the 
passage of time in geology are not 
dissimilar from the ways in which we recall 
our own lives. Events can be put in a rough 
sequence and then, often with difficulty, 
slotted into the calendar (*‘Remember that 





William Thomson, Baron Kelvin (1824-1907), 
Detail from a cartoon in Vanity Fair. 


summer when we went to Brittany and 
Aunt Doris got... Now what year was 
that?’’). And so it is with rocks. Geologists 
during the nineteenth century pieced 
together a sequence of geological events 
which enabled them to construct a relative 
time scale. Concurrently various attempts 
were made to establish when these events 
occurred and especially how old the Earth 
might be. Such calculations involved rates 
of erosion and deposition, the rate at which 
salt is being added to an already salt sea and 
the rate at which the Earth appeared to be 
cooling. 





Marv Evans 


The discovery of radioactivity at the end 
of the last century led to increasingly 
precise radiometric dating of those rocks 
containing suitable isotopes; and the two 
scales, relative and radiometric, can now be 
correlated to provide a chronological scale 
of historical geology. This scale is still being 
extended and refined. Metamorphic rocks 
in Greenland, for example, have recently 
been dated at 3,750 million years, the oldest 
rocks so far discovered. 

Dr Albritton’s account arose out of a 
series of lectures given to students and staff 
at various academic institutions in the 
United States. The slim, attractively bound 
text follows the traditional and by now 
well-worn path through the maze of geolo- 
gical time by examining the contributions 
of its protagonists. Leavened by portraits 
and anecdotes, it is easily read and clearly 
reveals the influence of religion, conceit, 
catastrophe, fanaticism, feuds, ignorance, 
intuition, rocks and radioactivity on the 
evolution of the concept of geological time. 

In spite of jazzy chapter headings — 
Malta’s cradle; Solids within solids; Mr 
Hook(e); A sacred theory of the earth; 
Telliamed’s story; The epochs of nature; 
View from the brink; Father William; The 
four-dimensional jigsaw puzzle; A 
question of tempo; A plenitude of events; 
The great tree of life; Kelvin; A numbers 
game; Radiometric dating; World enough 
and time — the leading actors are readily 
unmasked. For the reader who does not 
care to play this game, the protagonists 
turn out to be Steno; Hooke; Burnet; De 
Maillet; Hutton; Smith; Werner and other 
early stratigraphers such as Sedgwick and 
Murchison; catastrophists and uniformi- 
tarians (I’ve now broken a New Year 
resolution not to use that word!) especially 
Cuvier and Lyell; observers of volcanoes 
and glaciers (Scrope and Agassiz); Darwin; 
and lastly late-nineteenth and twentieth 
century scientists. Pleasingly, the book 
includes an appraisal of Arthur Holmes’ 
brilliant contributions to the construction 
of a geological time-scale. The last chapter 
contains a typical student-textbook 
analogy: by compressing the major events 
of the Earth into 365 days, primates appear 
on Christmas Day and Homo sapiens 
arrives a mere hour before the dawn of the 
New Year. Dr Albritton is obliged to 






devote part of this chapter to a rebuttal of | 


creationist dogma, now so common in 
parts of the States. Such concern is 
understandable for he teaches in Texas 
where fundamentalist views are not 
unknown. 

Yet somehow the excitement of what 
should be a gripping story is not there. In 
one form or another it has all been done 
before, albeit with the historical anecdotes 
cut tO a minimum. Last year two long 
articles by John MacPhee in, of all places, 
The New Yorker, conveyed a similar 
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message but in a more entertaining style, 
perhaps because his serious but flowing 
story was laced with irrelevant cartoons 
and adverts including fast cars, whisky, 
cameras, jewellery and beautiful women, but 
more probably because he linked history 
with current field-work in different parts of 
the States. 
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James Ussher, Bishop of Armagh — calculated 
the date of creation as 4004 Bc. 


So here I am, vaguely dissatisfied with a 
perfectly adequate book simply because of 
a feeling of déja vu. How can one be 
constructive? More might have been made 
of Archbishop Ussher (1581-1656) and his 
method of calculating the date of creation 
(4004 pc) and such subsequent events as 
the grounding of the Ark on Mount Ararat 
on May 5, 1491 Bc (a Wednesday!). His 
chronology was incorporated in the most 
widely read book of the day — the King 
James VI bible — and so had an undue 
influence in Protestant countries. Many of 
tne subsequent philosophical and scientific 
investigations described in the Abyss of 
Time were carried out in the shadow of 
Ussher’s precise chronology. Astro- 
nomical calculations and coral clocks are 
not referred to but they show that the Earth 
is now rotating more slowly than it did 
during the Devonian when a year was all of 
399 days. Above all, data from meteorites 
and Moon rocks reveal fascinating events 
earlier than any now preserved on Earth 
and provide independent factual evidence 
of the great antiquity of our Solar System 
and planet. They could have been the 
subject of a separate chapter. 

And what of the future? The abyss is just 
as much in front of us as behind. The Earth 
is steadily losing its heat. As it continues to 
cool the lithospheric plates will thicken and 
stop moving: eventually there will be no 
more volcanic activity and no more earth- 
quakes, but the land will continue to be 
eroded seawards, there to remain because 
uplift will no longer occur. The rock cycle 
will finally have come to an end: but there is 
perhaps consolation in the fact that the Sun 
will continue to shine until in another 5,000 
million years it too becomes cold. And 
after that? But Albritton does not indulge 
in such fantasies. 


G.Y. Craig is Professor of Geology at 
the University of Edinburgh. 
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Trap for the unwary 
William H. McNeill 


The Fates of Nations: A Biological Theory 
of History. By Paul Colinvaux. Pp.383. 
ISBN 0-671-25204-6. (Simon and Schuster: 
1980.) $12.95 US only. 








For the intellectual wanderer, impatient 
with the myopia of specialization, there are 
great risks in invading an unfamiliar turf. 
Jealous experts lie in wait for the newcomer 
to display his ignorance of their discipline 
by some slip of tongue or pen, and the 
complications of the new subject may not 
conform readily to the insights the 
newcomer brings from some other 
discipline. 

This, unfortunately, is the case with Paul 
Colinvaux’s book, The Fates of Nations. 
Colinvaux is an ecologist whose speciality 
is Ice Age Alaska and the land bridge which 
once allowed animals and plants to migrate 
from Asia to America across what is now 
the Bering Strait. For general readers, 
however, his best-known work is a sum- 
mation of recent ecological niche theory 
which goes by the catchy title Why Big 
Fierce Animals are Rare (recently issued in 
paperback by Penguin). As an historian, 
who, like Colinvaux, has found it 
irresistible to wander across recognized 
disciplinary boundaries, I found this essay 
instructive and persuasive. But now when 
he takes on my own field of expertise, the 
human past, and seeks to illumine it by 
bringing ecological niche theory to bear, | 
find Colinvaux’s ideas inadequate and his 
information radically defective. 

As he engagingly explains at the end of 
the book in a “Note on Sources and 
Substance”, he began to think about a 
“formal theory of history’’ in 1971, relying 
on the history ‘‘which is the common 
knowledge of Christendom’’, i.e. on what 
he remembered from his school days in 
England. This he reinforced by reading 
Toynbee’s ‘‘overview of history’s facts’’, 
and by consulting a few experts on battles 
— Livy, Tacitus, Arrian — as well as more 
modern writers like Liddell Hart and J. F. 
C. Fuller. He found the barrister Edward 
Creasy’s Fifteen Decisive Battles of the 
World, first published in 1854, especially 
useful, while Field Marshal Montgomery’s 
A History of Warfare supplied him with 
‘*the clearest insight into what gave victory 
in many a crucial battle’’. Thus, as 
Colinvaux tells us himself, his method of 
mastering history was studiously to 
disregard what professional historians 
have been doing since World War I to 
modify the patriotic and political history so 
ably caricatured in 7066 and All That. 

With 1066 and All That plus school-boy 
Latin as his guide, and Toynbee as 
guarantor of ‘‘facts’’, what does an 
intrepid ecologist discover in the human 
past? The answer is a rhythm of rise and 
fall, predictable in the light of ecological 
niche theory. It may be summarized as 


follows. Initially, history starts when a 
group of human beings develops a new 
technique that allows them to enlarge the 
ecological niches in which they live. This 
leads to a rise in population, for human 
beings have always pursued a breeding 
strategy — the large young gambit — that 
requires each breeding couple to raise as 
many children as they think they can 
afford. This strategy, Colinvaux assures 
us, has never altered, though he does not 
assert that it is instinctive. 

Once enlarged niche spaces start to fill up 
as population increases, the prospering 
community faces a crisis. Since growing 
numbers with no increase in resources will 
force them to accept narrower niches 
again, they must look abroad to find the 
means to sustain their heightened 
expectations. Trade, colonization and 
aggressive war, aimed at taking land away 
from those in possession, are the 
alternatives such a population faces, and 
this is what history is all about. Successful 
communities expand and create empires; 
but sooner or later, expansion ceases. 
Colinvaux is completely silent on what 
stops expansion. On his principles I can see 
no reason for the process he sketches not to 
continue indefinitely, until the most 
successful aggressor has created an empire 
of the Earth. But the ‘‘common knowledge 
of Christendom” makes clear that a limit 
was set somehow, and Colinvaux shows his 
deference to facts by stopping the 
expansion of the Roman Empire at the 
Rhine and Danube — though, as I say, he 
gives no reason for this interruption of a 
process which he has declared to be both 
predictable and inevitable. 

Once territorial expansion stops, the 
continued growth of population requires 
narrowed niches; and narrowed niches will 
be accepted only reluctantly by the 
population concerned. This means an 
oppressive government — a police state in 
fact, in which the rich, clinging to their 
broad niches, impose their power on the 
poor by dint of ‘‘regimentation, 
bureaucracy, class, rationing and caste” 
(p. 64). Such a regime is vulnerable from 
without, and eventually barbarian 
invaders, technologically abreast of the 
latest methods of civilized warfare, will 
succeed in destroying the oppressive regime 
by cutting off food supplies to the cities. 
The newcomers institute a barbarian 
pattern of life in which local consumers 
depend on local food production. This 
sharply reduces the total number of 
inhabitants, since the urban masses, 
congregated under the regime of civili- 
zation into vast cities, are unable to 
maintain the breeding strategy that had 
hitherto led to an ever-mounting 
population. They simply die off, leaving a 
sparsely settled countryside to start the cycle 
of civilization over again. 
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Echoes of Toynbee’s cycle are obvious, 
though the emotive tone that Colinvaux’s 
ecological vision imposes is utterly at odds 
with Toynbee’s humanistic and religious 
values. There are, too, some serious 
anomalies in this thesis, for the modern 
cycle of civilization does not conform closely 
to the classical Mediterranean pattern. 

Aneven greater anomaly is introduced in 
Colinvaux’s final chapter “The Shape of 
Things to Come’’. After exploring the 
implications of this theory, which predicts 
that growing populations will launch 
aggressive war in order to maintain 
enlarged ecological niches, he apparently 
reverses himself by saying that it ‘‘may well 
be that our breeding strategy will yield even 
smaller families for the moderately 
affluent than they have now’’ (p. 313), 
since one may hope that ‘‘new roles for 
women will hold down the population and 
let us all live in freedom” (p. 314). So 
because ‘‘we breed in human and 
controllable ways’’ and can understand 
what is happening to us, we ‘‘ueed fear 
neither our future nor our fate’’ (p. 321). 
But if human breeding strategy is alterable 
now, why notin the past? And if one group 
of people in this twentieth century does 
decide to have fewer children in order to 
maintain broader niches, what prevents 
others from breeding incontinently and 
filling in the space occupied by the rich and 
continent, not by conquest, but by the less 
spectacular method of in-migration? 

This sort of population shift is occurring 
before our eyes, as Gastarbeiter in 
Germany, illegal aliens in the USA and 
Asians in England attest. It occurred in 
distant ages as well. The replacement of 
Sumerian speakers by Semites in ancient 
Mesopotamia in the 3rd millennium BC and 
the bitter jibes of the Roman poet Juvenal 
against the Greeklings whom he saw taking 
over favoured places in Roman society, are 
only two examples of the past importance 
of peaceful migration. Indeed, all great 
imperial cities of times past have been 
polyethnic in their population. They were 
places where diverse peoples congregated 
and died off due to the intensified disease 
exposure involved in urban living before 
the days of modern sanitation. Colinvaux 
seems unaware of this traditional 
population dynamic, well attested though 
it is for early modern Europe when 
Statistical records begin to become 
available to historians. Indeed he is 
ignorant of all historical demography, 
though for a theory that puts such 
emphasis on population growth as the 
fundamental disturber of history he surely 
ought to have guarded himself against the 
_Sort of reproach I make of his procedures 
~by-at least consulting a few elementary 
textbooks on historical demography. If he 
had done so, he would have discovered that 
historians are agreed that the population of 
the Roman Empire declined sharply in the 
second and third centuries AD, recovered 
partially in the fourth century and then 
plummeted again in the fifth. Colinvaux’s 


picture of an ever-rising population 
pressing harder and harder on available 
niches therefore runs counter to all modern 
historical scholarship. 

As a matter of fact, Colinvaux is aware 
of some of the signs of depopulation that 
manifested themselves in late Roman 
times. But he dismisses empty fields and 
unoccupied border regions where Roman 
authorities settled barbarian tribesmen 
from beyond the frontier as a predictable 
consequence of population growth! The 
argument is sufficiently bizarre to deserve 
quotation in full: 

From the time of troubles onward the 

population shifts within the state. There is 

a drift from the land as peasants are 

displaced in the interests of increased 

production. This happened in ancient 

Greece and Rome no less than in the time 

of the enclosures in Tudor England, or in 

modern industrial states. The process can 
be seen in the development of every 
civilization. Feeding great numbers of 
people is more easily done if they are 
brought together in dense settlements; 
running the agriculture needed to supply 
these dense settlements is more efficient in 
the larger agricultural units of 
agribusiness. And the “drift from the 

land’’ is a predictable consequence of a 

dense population growing denser [pp. 

83-84]. 

To test this hypothesis one might look 
for some indication of the growth of cities 
while fields emptied out. Roman cities 
from the 3rd century onward conveniently 
provided such an index by erecting ring 
walls necessitated by the declining level of 
public security in the empire. By modern 
standards these enclosures were tiny 
indeed, and diminish with each rebuilding. 
Where is the massive, ever-growing urban 
population Colinvaux’s theory requires? 
Even on a purely theoretical level, and 
without the vulgar appeal to mere data, one 
would suppose that before propounding 
his ridiculous hypothesis Colinvaux might 
have asked himself how it could be more 
efficient to carry food from the fields to 
distant urban consumers (in ox carts 
presumably), and how ‘‘agribusiness’’ 
could plough and reap in the absence of 
modern machinery, and without numerous 
labourers on the spot to do the work. The 
fact is that human populations rise and fall 
in complicated and only partially 
understood ways, and in response to a far 
wider range of shifting conditions than 
Colinvaux’s system admits. 

My judgment of The Fate of Nations is 
that in venturing beyond the boundaries of 
his discipline Colinvaux has come a 
cropper. This is a pity, for surely there are 
useful things historians might learn from 
ecologists, and an ecologist who took the 
pains to acquaint himself with historical 
literature might indeed be in a position to 
shed new light on familiar historical 
conundrums. 1 


William H. McNeill is Professor of History at 
the University of Chicago, and auther of The 
Human Condition (Princeton University Press, 
1980). 
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THE EARTH'S 
PROBLEM CLIMATES 
Second Edition 
by Glenn T Trewartha 


in this new and extensively revised 
edition, the author takes into account 
new information and climactic data that 
have become available since the 
original edition appeared in 1961. 
Trewartha offers an inventory of the 
more important of the earth's problem 
climates, brief and concise descriptions 
of their characteristics, and suggested 
explanations for at least some of them: 
in so doing, he draws together the 
results of numerous definitive studies in 
dynamic climatology. 
Wisconsin, May 1981, 352 pp, illus, 
cloth £13.50 


VOLCANOES OF 
THE EARTH 


by Fred M Bullard 


... a first-rate and up-to-date 
account of one of the world’s most 
intriguing phenomena,” 
-Explorers Journal 
Texas, 597 pp, 24 colour plates, 183 
b&w illus, now in paperback at £12.00 
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SCIENCE AT 
THE WHITE HOUSE 


A Political Liability 


EDWARD J. BURGER, JR. 
foreword by DON K. PRICE 


From the day the first atomic bomb 
was dropped, scientists gained a new 
image in the public’s eye. In the 
succeeding decades, there seemed to 
be no limit to what technology could 
accomplish, from military weapons 
to moon walks. Science at the White | 
House looks at what happened when | 
America’s new experts were calledin | 
to serve as advisers to the president. | 
As cases in point, Burger assesses | 
the government’s efforts at planning | 
for key issues that emerged during | 
his tenure as a science adviser: issues | 
concerning national health care, 
environmental regulation, and 
population and family planning, 
among others. 208 pp, £9.00. 


THE JOHNS HOPKINS 
UNIVERSITY PRESS 
Ely House, 37 Dover Street, 
London W.1. 


.4/ on Reader Enquiry Card. 





644 


Nature Vol. 290 23 April 1981 





One hundred years of the Natural History Museum 


D.T. Donovan 


Alfred Waterhouse and the Natural 
History Museum. By Mark Girouard. 
Pp.64. ISBN 0-300-02578-5. (Yale Univer- 
sity Press: 1981.) Hbk $12.95, £4.95. 


Alfred Waterhouse, 1830-1905, from a 
portrait by Sir William Orchardson, 


THE Natural History Museum is the most 
splendid of the South Kensington 
museums; it has a vigour and coherence 
which is a tribute to the architect Alfred 
Waterhouse. So it comes as a surprise to 
learn that the building has a complicated 
history, and was nominally designed by 
somebody else. 

The natural history collections were for 
long kept in Bloomsbury with the books 
and antiquities of the national museum. By 
the early nineteenth century antiquities 
were being added in large quantities, and 
by mid-century many thousands of natural 
history specimens were accumulating every 
year. The new British Museum building, 
begun by Robert Smirke in about 1823, was 
already too small by the time it was 
completed in about 1850. 

Mark Girouard begins his account with 






As it might have been — the winning, but unexecuted, design submitted by Francis Fowke in 1864. On the death of 
Fowke, Alfred Waterhouse was appointed as architect and the museum was built largely to his designs. 





Richard Owen’s vision of a great new 
museum in 1858, which was the origin of 
the present building. Removal of the 
natural history departments from Blooms- 
bury had been considered for some time, 
though a practical solution was not found 
until after 1851 with the development of 
South Kensington as a centre for education 


in the arts and sciences. 


Owen, already famous for his contribu- 
tions to comparative anatomy, had been 
appointed Superintendent of the Natural 
History Departments in 1856. In the same 
year, Antonio Panizzi, Keeper of Printed 
Books, was made Principal Librarian (i.e. 
Director) of the museum. Panizzi had long 
wanted to get rid of the natural history 
departments, and said so on every possible 
occasion. Yet even with Owen and Panizzi 
working towards the same end, it was 
another 25 years before the natural history 
collections were actually moved out of the 
Bloomsbury building. Initially, at least, 
almost the whole of the scientific establish- 
ment was opposed to such a move, and 
succeeded in influencing Parliament 
against it for some time. 

In 1863, however, the Government 
bought the present site. On it stood the 
exhibition building of 1862, built by the 
official architect Francis Fowke, and 
widely disliked. Parliament refused to 
purchase this building, which was 
demolished, and an architectural competi- 
tion for a great new museum complex was 
held in 1864. It was won, to everyone's sur- 
prise, by Francis Fowke, but he died before 
his plan could be executed. 

Alfred Waterhouse, newly arrived in 
London from successes in Manchester, was 
appointed to carry out Fowke’s design, but 
it was not until 1873 that building was 
started. By this time only the Natural 
History Museum — about one-quarter of 
Fowke’s complex — was actually going to 
be built, so the building had to be 


drastically re-designed. Girouard traces the 


influence of Fowke’s design by comparing 
successive versions of the building. 
However, there is little perceptible resem- 
blance between Fowke’s drawings and the 
present building, and Waterhouse’s 
standing as the architect is fully justified. 

The plan of the museum, however, is 
neither Fowke’s nor Waterhouse’s; it stems 
from a sketch by Owen in 1859. This shows 
main east—west galleries with numerous 
galleries opening off them at right angles, 
the arrangement in the present-day 
museum. 

Owen had always wanted his museum to 
be enriched by appropriate decoration. He 
and Waterhouse devised a scheme in which 
representations of living animals and 
plants adorned the west wing, intended for 
zoological collections, and extinct ones 
(restorations, not fossils) the east wing, 
where fossils and minerals were to be 
housed. Waterhouse’s drawings were 
translated into models and cast in terra- 
cotta; comparative pictures in the book 
show how faithfully this was done. 

The book has been sponsored by the 
Museum as part of the celebration of the 
centenary of its opening in 1881. This 
centenary is, unhappily, marked by con- 
troversy over the current proposal to 
demolish the rear single-storey galleries, 
thus destroying Owen’s original plan. 

Mark Girouard has written an attractive 
and interesting book which explains the 
history of the building and its architectural 
origins. It is well illustrated with pictures of 
the museum as it is, Waterhouse’s working 
drawings and earlier versions of the design. 
Only the photographs of the interior are 
disappointing and do less than justice to 
the building. Otherwise, the book makes a 
handsome souvenir of this great embodi- 
ment of Victorian scientific achieve- 
ment. . 


D.T. Donovan is Professor and Head of the 
Department of Geology at University College, 
University of London. 
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Intellectual cross-fertilization and evolution 


A.J. Cain 


The Evolutionary Synthesis: Perspectives 

on the Unification of Biology. Edited by 
Ernst Mayr and William B. Provine. 
Pp.487. ISBN 0-674-27225-0. (Harvard 
University Press: 1980.) $25, £15. 


THIS book looks out upon an incredibly 
rich panorama of personalities, groups, 
institutions, countries, attitudes, theories, 
arguments, experiments, facts, false facts 
(even a very few artefacts), misunder- 
standings, barriers emotional, linguistic, 
dogmatic and intellectual, all adding up to 
one of the greatest intellectual advances of 
our time — the unification of different 
biological sciences by a single neo- 
Darwinian theory of evolution in the first 
half of this century. Some of the principal 
actors have contributed invaluable 
accounts of their own roles: among them 
are Mayr, Simpson, Dobzhansky, E.B. 
Ford, C.D. Darlington, Curt Stern; and 
there are extremely valuable surveys and 
analyses by biologists, historians and 
philosophers (Lewontin, Gould, Mark 
,, Adams, Dudley Shapere etc.). The book 
i. itself is aa history and, since the 
æ 1900-1940 period qualifies as history (not 
2 merely as out-of-date), it will inspire and 
: T provoke an ebullition of PhD theses, 
= papers and books worse than the great 
-< ittgenstein industry. One of the virtues 
of the book is that while making 
_@stHoroughly clear the limitation of science 
Py the inadequacies of personalities, insti- 
(tutions and governments, it does present 
beautifully, especially in genetics and 
cytology, the intellectual impact of actual 
scientific discoveries and their role in 
changing people’s thinking. 

The book is organized by subjects (Part 
I, cytology, embryology, systematics, 
botany and so on) and by countries (Part 
H, Russia, Germany, England, France, 
USA), with a concluding survey (no, I will 
not say ‘“‘overview’’) of the whole subject 
and a miscellany of very useful biograph- 
ical. contributions, rather over-titled as 
“Biographical Essays’’. 

Especially valuable to those with little 
German and less Russian is the survey by 
countries, and a saddening spectacle it 
presents; the superb beginning in Russia, 
based on an excellent naturalists’ tradition 
of population genetics, aided at first by the 
ideals of education and especially science 
during the Revolution, then brutally 
terminated as a result of the charlatan 

A power-politics. France did not 
- contribute at all to the synthesis except for 
” Teissier’ sand L’Heritier’s invention of the 
population cage and work on balanced 
polymorphisms. Both started as mathe- 
maticians (the probable reason for Teissier 
getting his chair at the Sorbonne is fascin- 
atingly non-scientific), uncontaminated by 
the ideas of the French Establishment. 











Both Boesiger and Limoges have some very 
hard things to say about the academic 
establishment in France, and, so far as I 
can see, they are thoroughly justified. 
Boesiger remarks ‘‘France today (1974) is a 
kind of living fossil in the rejection of 
modern evolutionary theories; about 95 
percent of all biologists and philosophers 
are more or less opposed to Darwinism.” 
Limoges comments equally astringently 
on the language barrier, the closed univer- 
sity system (‘‘no one can hold a chair in a 
French university who is not French and 
who does not have a French doctorate’’) 
and the centralization of the system, 
providing for career control by a few senior 
professors in Paris. Although that has now 


been considerably modified, Boesiger | 


emphasizes the centralized control of the 
research organizations. One can add that 
there is considerable pressure on French 
workers to publish in French. Certainly 
there are in France today some excellent 
and up-to-date evolutionists — one thinks 
immediately of Maxime Lamotte in Paris, 
and a botanical group at CNRS Mont- 
pellier, as well as Zuckerkandl and others 
at that university; nevertheless it seems to 
be true that a largely self-perpetuating 
Establishment, accepting only conformist 
successors, has made France, as far as 
evolutionary studies go, into an intellectual 
island. Yet the new recruitment every year 
of fresh minds is one of the most valuable 
processes in any intellectual society. 
Germany is well treated by Mayr, Rensch 
and Hamburger. Mayr brings out 
important administrative limitations (not 


enough chairs and the nature of profes- 


sional duties), Curt Stern the difficulties of 
institutions separated by distance (Berlin- 
Buch and Berlin-Dalhem!). Little is said 
about Nazi influence. Rensch, in an essay 
very sympathetic to his predecessors and 
colleagues, brings out many reasons for the 
slowness of the synthesis in Germany — 
apparently contradictory phenomena in 
genetics and palaeontology, speciation 
apparently concerned only with trivial 
characters, the apparent internal drive of 
the organism in development and 
regulation, independent of the environ- 
ment, religious convictions and so on, 
which, however, operated elsewhere as well. 
The slowness of penetration of genetical 
results in Germany certainly needs study. 
Hamburger brings out a further point 
(which Boesiger applies also to Cuénot in 
France): ‘‘the widespread German 
tendency to have a unified 
Weltanschauung, a more general overview 


of metaphysical and scientific creeds than. 


just having Weltanschauung and scientific 
work compartmentalized side by side”. 
The history of the evolutionary synthesis 
in the USA is particularly well treated, and 
deservedly so, and there are many studies 
of that intriguing man T.H. Morgan and 
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his close associates. The conversion of this 
school to a neo-Darwinian attitude by their 
own discoveries in genetics and karyology, 
powerfully aided by their openness to ideas 
and visitors from abroad, was, however, 
only partial in some cases because of the 
difficulties of extending genetical findings 
to macroevolutionary phenomena, includ- 
ing speciation. Mayr makes an especially 
important contribution in emphasizing 
that the synthesis was a synthesis; it was 
extremely difficult for many years to 
reconcile Darwinism and the new science of 
genetics, and it was systematists in 
particular who contributed the concepts of 
adaptive geographical variation, variation 
in whole populations under environmental 
selection, and partly adaptive speciation (a 
macroevolutionary process). Yet it must be 
added that it was largely the wholly 
unjustified insistence of many systematists 
that characters of species were non- 
adaptive that misled many of the earlier 
evolutionists into doubts about the efficacy 
of natural selection and the continuity of 
micro- and macroevolutionary 
phenomena. 

Equally fascinating is the comparison 
between subjects. Botany (not the 
botanical part of genetics) was almost as 
poor a contributor among subjects as 
France among countries, and Ledyard 
Stebbins’s article is as thought-provoking 
as Boesiger’s or Limoges’. 

When one stands back from it all, several 
major thoughts come to mind. The 
difficulties are highly instructive, but little 
more than one would expect in any intellec- 
tual controversy; indeed Simpson is 
probably right in indicating that given the 
human character, the synthesis was 
achieved about as fast as could be 
expected. But some topics are hardly 
touched on. I suspect (in a few instances, Í 
know) that religious considerations came 
first, even if they were seldom expressed, in 
some scientists’ minds, and conditioned 
heavily what they were prepared to accept 
scientifically. Under this heading I include 
humanism when it refuses the application 
of the synthesis to mankind, and of course 
Marxism with its leaning to some form of 
Lamarckism (only too well documented in 
this book). 

Secondly, and allied to the preceding, 
the role of chance as an explanatory factor 
is hardly touched on — yet, on the one 
hand, as a means of explaining away incon- 
venient phenomena it has been invaluable 
as an alternative to natural selection; on the 
other, it has added to the revulsion of many 
people against natural selection that what 
the process has to work on is the effects of 
mere chance. 

But lastly, there is almost no indication 
in the book that the recognition of natural 
selection as the major (or nearly exclusive) 
agent of evolution was ever due to any 
work on natural selection in the wild, 
except very indirectly. A simple-minded (or 
extremely intelligent) Martian might well 
think that if it was debated whether natural 
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selection operated in the wild, the thing to 
do was to go and look for it. Chetverikov 
might have done so if politicians had let 
him; Haldane thought it much too 
difficult. The whole debate over the 
efficiency of natural selection in the wild 
was conducted by argument over indirect 
evidence, and indeed to a large extent it 
still is. 

The present book contains little material 
towards a history of actual field-work 
directly on natural selection, except for 
E.B. Ford’s contribution — and perhaps 
rightly, since it seems not to have affected 
the synthesis. It does contain valuable hints 
towards a history of why no one has 
attempted it — for example, Lewontin’s 
statement that ‘‘Wright’s notion that 
random processes allow the exploration of 
the field of gene frequencies . . . frees the 
evolutionist from having to ask such 


questions as why did some Ceratopsian 
dinosaurs have three horns and some have 
two and some have a frill and some not?”’, 
Of course it does nothing of the sort except 
to those who wantit to. It was not shown in 
the first place that the development of 
different ways of fighting was due to any 
random process, except on the presump- 
tuous assertion ‘‘ Because I can see no sense 
in this phenomenon, not having worked on 
it, therefore it must be random’’. The use 
of random processes in explanation even at 
the present day is rather like John Henry 
Newman’s use of St Augustine’s text to 
precipitate him into the Roman Catholic 
church (see Geoffrey Faber’s Oxford 
Apostles) — using a bad reason for doing 


eo 


what we intend to anyway. E 





A.J.Cain is Derby Professor of Zoology in the 
University of Liverpool, 


Avian evolution transcends philately 


Alec Panchen 


The Age of Birds. By Alan Feduccia. 
Pp.208. ISBN 0-674-00975-4. (Harvard 
University Press: 1980.) £12, $20. 





OF ALL those who concern themselves with 
the palaeontology and evolution of 
vertebrate animals, it is arguable that bird 
palaeontologists have taken on the most 
difficult task. The anatomical uniformity 
of the majority of bird species is such that 
the identification of their individual fossil 
bones varies between difficult and 
impossible; further, there are numbers of 
cases (some cited by Feduccia) in which the 
avian status of particular specimens is stilla 
matter for debate. It is probably for these 
reasons that while popular books on 
dinosaurs are legion, a book on bird 
palaeontology is unusual despite the 
innumerable amateur ornithologists that 
are the mainstay of almost every natural 
history society. One would hope, 
therefore, that there was a market for a 
popular book like Feduccia’s as evidence 
that at least some of these amateurs have 
interests extending beyond the prevalent 
stamp-collecting approach to bird 
watching. 

On the whole Feduccia serves his 
potential audience well. However, his 
opening chapter tends to hop about its 
subject matter in a manner reminiscent of 
small birds themselves, starting with a 
scene-setting paragraph on Archaeopteryx 
— geologically the oldest as well as the 
most famous of all bird fossils — but then 
switching to bird anatomy, ‘“‘Darwin’s 
finches’’, adaptive radiation, the concepts 
of homology and analogy, the recon- 
struction of phylogeny and the geological 
time scale, before settling on an account of 
the several finds of Archaeopteryx, with 
useful photographs of each specimen. 

In his second chapter he gives an account 


of theories of the evolutionary origin of 
birds, a fiercely debated subject still. When 
dealing with controversial issues Feduccia 
is usually sensible and it is not his fault that 
at least one of the principal protagonists in 
this debate has changed sides since the 
chapter was written. Following chapters 
deal with the evolution of flight and then 
with the fossil history (such as it is) and 
evolution of all the major groups of birds. 

Feduccia has been in the forefront of 
some of the phylogenetic work he describes 


-and much of the book is authoritative. 


However, particularly in the early 
chapters, there are some things to take 
exception to. The layman’s naive view of 
the course of evolution, as a highway from 
simple organisms to human beings with less 
important byways branching off, will be 
reinforced by statements such as 
“ornithischians [a dinosaur group] were 
highly specialised herbivores and far too 
removed from the main line to have given 
rise to any other major group’’. It will be 
similarly reinforced by the use of ‘‘Age of 
Reptiles”, “Age of Mammals and Birds?’ 
and so on, as in ‘‘The cotylosaurs [the 
earliest reptiles in the author’s (outmoded) 
usage] appeared long before the Age of 
Reptiles ...°’. There are also a few 
obvious errors — how, for example, can 
the two views of the original Archaeop- 
teryx feather, pictures on p.12, be “‘main 
slab” and ‘‘counterslab’’ when they are 
not mirror images of one another? Also, 
the patagium (flying membrane) of the 
living flying lizard genus Draco does not 
stretch ‘‘between the forelimb and 
hindlimb’’ (p.40): it is supported by 
elongate ribs alone. 

On the whole, though, the book is easy 
and pleasant to read. The style is clear, 
concise and interesting, albeit with some 
infelicities — ‘‘Mempbers of this classifica- 
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tion taxon); ‘**... third 
alternative . . .’’ — and the chapters are 
short. The bibliography is excellent; here 
Feduccia refuses to ‘‘talk down”’ to the 
reader and quotes every reference, not just 
‘“‘further reading’’. However, the 
illustrations although numerous are often 
disappointing. They include black and 
white photographs of specimens and 
localities, and a number of frankly 
mediocre original drawings by several 
hands, the low standard of which is 
emphasized by some of the splendid and 











Reconstruction of Archaeopteryx by 
Rudolf Freund. 

famous restorations by Heilmann, Charles 
Knight and others with which they appear. 
Many of these cry out for their original 
colours. Presumably the decision to 
exclude the use of colour was the 
publisher’s rather than the author’s; never- 
theless I imagine that it will affect sales 
adversely. This is a pity as the book is other- 
wise well produced and certainly deserves 
an audience. 

Alec Panchen, a vertebrate palaeontologist, is 


Reader in Vertebrate Zoology at the University 
of Newcastle upon Tyne. 


Gorillas on a tightrope 


Alison Jolly 


The Natural History of the Gorilla. By A. 
F. Dixson. Pp.202. ISBN 0-297-77895-1. 
(Weidenfeld & Nicolson: 1981.) £16.50. To 
be published in the USA by Columbia 
University Press. 


IF YOU want to know about gorillas, you 
need this book. Alan Dixson has sum- 
marized the present state of knowledge 
about all aspects of gorillas’ biology from 
anatomy to conservation. Furthermore, he 
writes in a lucid, factual style which 
presents the information clearly to anyone 
from fifth form to professorial status, 
without either talking down or jazzing up. 


The drawings (by Dixson himself) add both 
clarity and charm. 

The book has several strengths. First, it 
deals equally with the results of laboratory 
work and results from the field. Dixson’s 
own studies range from laboratory analysis 
of primate hormones and sexual 
behaviour, through the testicular atrophy 
of several adult male silverbacks in zoos 
(including Guy at London), to making field 
censuses of gorilla populations. He is thus 
well placed to appreciate both sides of the 
story. A second strength is the balance 
achieved between generalization and data 
from individual studies. In the chapter 
“How Close to Man?’’, he manages to 
explain quickly many of the bases of 
primate classification, sum up the evidence 
which suggests man’s close relationship to 
gorilla and chimpanzee and the more 
distant relationship of these three African 
species to orang-utans, and yet include the 
divergent studies which indicate Asiatic, 
rather than African, origins for man. 
Similarly, when he describes wild 
populations, he includes data showing 
differences between the three gorilla 
subspecies, and even between western and 
eastern Virunga Volcanoes, adding 
appropriate caution about sample size. Ina 
popular book, it is unusual to avoid 
generalizations about ‘‘the gorilla’’ 
meaning ten or twenty individuals on 
Mount Visoke. 

Finally, Dixson covers the whole scope 
of the literature from Hanno (fifth century 
BC) up to 1980. This enables him to deal 
fairly with such experiments as Yerkes’ on 
Congo (1926-1928), which is still one of the 
most complete accounts of a gorilla’s 
problem-solving, as well as Redshaw’s 
(1978) splendid Piagetian study of the 
development of infant gorilla intelligence. 
The conservation account is also up to 
date, to the death of Digit and others who 
had their heads and hands chopped off for 
tourist souvenirs. 

The main reservation I have is that 
Dixson does not pursue his synthesis of 
detail quite far enough for my taste. I 
looked for a discussion of the relation of 
gorilla leaf-eating to metabolism, ranging 
and social structure, and comparison with 
the frugivorous orang and chimp. All the 
pieces are there, but Dixson does not 
explicitly link them up; similarly, 
reproductive strategy is split into several 
different chapters. This is clearly his choice 
— he gives us the data without fashionable 
theorizing, but he is better placed than 
most of us to deal with such theories. 

I could also do with slightly more drama 
in the final chapter on conservation — 
perhaps some of Dian Fossey’s emotion 
over Digit, or Alan Goodall’s encounters 
with poachers in The Wandering Gorilla 
(Collins, 1979). Instead, Dixson has chosen 
restraint. Perhaps he is right that estimates 
of the remaining wild populations and their 
possible or likely extinction are even more 
horrifying. 

The whole question of how to balance 


professional against popular appeal 
bedevils primate studies. In the 
circumstances Alan Dixson’s summary of 
the natural history of the gorilla for sucha 
wide audience is laudable. Scholarly 
balance may seem faint praise until you add 
that it is balance on a very thin tightrope 
indeed. 


Alison Jolly is temporarily in the School of 
Cultural and Community Studies, University of 
Sussex, 


Lure of the shore 
J.T. Enright 


Intertidal Invertebrates of California. By 
Robert H. Morris, Donald P. Abbott and 
Eugene C. Haderlie with 31 contributors. 
Pp.920. ISBN 0-8047-1045-7. (Stanford 
University Press: 1980.) $45 US only. 


This is a book for those who find the 
California shoreline at low tide a place of 
beauty, wonder and interest, and who 
want information on the common animals 
that live there. [Preface]. 
THE west coast of North America has one 
of the most diverse temperate-latitude 
intertidal faunas in the world. In California 
that fauna provides research material for 
dozens of marine laboratories and learning 
material for hundreds of high schools, 
colleges and universities. /ntertidal 
Invertebrates of California is aimed at that 
limited — some might say, provincial — 
audience, but it could conceivably also lure 
naturalists from the entire world to view 
and study this showplace of diversity. 
Whether or not it eventually has that sort of 
incidental success, there is no question 
about its value and importance for the 
intended audience: every biologist, 
professional or amateur, who ventures into 
the California intertidal zone for the first 
— or the ten-thousandth — time should 
have this volume available. 

Thanks to a grant from The David and 
Lucille Packard Foundation, the price is 
such that most users will be able to 
purchase their own copies. Even a first 
glance at the 200 photographic plates — all 
but three of them in colour, most with four 
to six separate portraits of the animals — 
will persuade the prospective buyer that 
this book is a bargain. The majority of the 
photographs were taken by Morris, but 
nearly 50 other naturalists contributed to 
the handsome illustrations. This portion of 
the book will be particularly treasured by 
all who find the ‘‘shoreline . . . a place of 
beauty [and] wonder’’. 

With the photographs as the bait, 
Abbott and Haderlie, together with 31 
other contributors, have provided nearly 
700 pages of text, bibliography and index 
for those ‘‘who want information”. Some 
750 species are treated in detail in the 24 
chapters. For each of entry, the text 
provides the classification of the animal; a 
morphological description, including 
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typical size and the features which 
distinguish that species from those with 
which it might be confused; and notes on 
habitat and geographical distribution, 
often with qualitative comments on 
abundance. Usually there is additional 
information on what is known of the 
animal’s natural history. Each entry closes 
with literature citations, sometimes only 
one or two, in other cases several dozen. 
Detailed references are then provided at the 
end of each chapter. 

The introduction suggests that this book 
was intended as a primary guide for 
identifying the animals, but this emphasis 
is, I think, misplaced; it will simply not do 
as a field manual. Its unusual format and 
sheer weight (about six pounds) militate 
against carrying the book along to the 
shore. Beyond the problems of getting 
book and animal together (since the reader 
is, rightly, urged not to bring specimens 
home with him), there are none of the 
traditional ‘‘keys’’ for identification; and 
the coverage is intentionally restricted to 
the more common and conspicuous 
elements of the fauna, meaning that using 
the plates and text for primary 
identification would be not only time- 
consuming but often misleading. 

For field identification, then, one should 
instead take along Smith and Carlton’s 
revision of Light’s Manual (University of 
California Press, 1980). Thereafter, 
Intertidal Invertebrates of California can 
be treated as something akin to a 
biographical dictionary. Knowing, or at 
least having a strong hunch about the name 
of the creature, the reader can here confirm 
that he has, indeed, probably seen this or 
that member of the community, and then 
learn some of what the experts know about 
it, as well as where to find further 
information. = | 

A conspicuous contrast with a 
biographical dictionary is that no historian 
is ever likely, on the basis of some arbitrary 
legal point, to decide that henceforth 
Madame Curie will be known only as Marie 
Skladowska. Many of my old friends in the 
intertidal zone, however, regardless of how 
well established their reputations were, are 
now assigned names different from those I 
learned 25 years ago. In some cases (e.g. 
Mitella polymerus and Aletes 
squamigerus) the older names are also 
included in the index to this volume; but for 
others (e.g. Acmaea digitalis and several 
congeners, and Lepidopa myops) there is 
no hint about former identity. This is, of 


Cold Spring Harbor Laboratory have 
recently published the proceedings of the 
symposium on viral oncogenes which was 
held last year. The two-volume set of 
proceedings, comprising Vol. XLIV in the 


series Symposia on Quantitative Biology, 
is available from CSHL, Fulfillment 
Department, PO Box 100, Cold Spring 


Harbor, NY 11724, or through 
booksellers, price $130 ($156 outside the 
USA). 





course, not so much a complaint about this 
book as about the problems inherent in 
nomenclature, and it can be argued that 
such changes represent ‘‘progress’’; but I 
sometimes wonder. .. . 

The neophyte will find the chapter intro- 
ductions and the detailed text entries in this 
book most useful; the more advanced 
student will find the literature citations a 
good starting point for a research project; 
everyone will, I think, enormously 
appreciate the coloured plates. The 
professional biologist who knows some 
part of the literature on a particular group 
or species will no doubt note — as I did — 


cases of mistaken conclusions, incomplete 
or outdated citations, and uneveness in 
coverage. But it would be petty to 
emphasize such deficiencies. The central 
point is that this book is an indispensable 
addition to the library of all who are 
interested in the common intertidal 
invertebrates of the California shoreline — 
and it contains a very attractive collection 
of colour portraits for those who will never 
get there. E 





J.T. Enright is Professor of Behavioral 
Physiology at the Scripps Institution of 
Oceanography, La Jolla, California. 


Old twists to an old tale 


Jerry Donohue 


The Double Helix: Text, Commentary, 
Reviews, Original Papers. Edited by 
Gunther S. Stent. Pp.298. ISBN hbk 
0-297-77899-4; ISBN pbk 0-393-95075-1. 
(Weidenfeld & Nicolson/W.W. Norton: 
1981.) Hbk £10; pbk $5.95. 


AN OLD proverb, as given by Gibbon, tells" 
us that “‘happy is the nation that has no 
history”. If this applies to substances, then 
DNA, surely, is the unhappiest of 
molecules, for it is the subject of 
innumerable biographies. 

This new book contains: the complete 
The Double Helix; reprints of 12 reviews of 
it from 1968 and discussions of these by 
Gunther Stent; reprints of three papers 
from Nature by James Watson, Francis 
Crick and Aaron Klug; three letters to 
Science from 1968 by Max Perutz, M.H.F. 
Wilkins and Watson (see below); reprints 
of six papers from 1953-54 describing the 
original DNA work done in Cambridge 
and King’s; and a name index the 
usefulness of which is somewhat marred by 
careless inaccuracies. 

Should the fact that only about 5% of 
the contents of this new edition is 
previously unpublished material be cause 
for discontent? Probably not, as it brings 
together The Double Helix and some of the 
important writings it spawned. There are, 
however, other causes for discontent which 
are harcly contentious. The original text of 
The Double Helix, including the 
photographs and diagrams, ran to 233 
pages; in this reprint these occupy 135 
pages. This drastic compression was 
accomplished by abandoning the elegant 
format of starting each chapter on a new 
page; by taking the plates of the first 
(Signet, 1969) paperback edition, which 
was itself a compression of the original, 
and compressing it still further by putting 
more lines per page; and by reducing the 
sizes of the photographs, some by more 
than 50%, so that the individuals in the 
group photographs are virtually 
unrecognizable. Also reduced in size is the 
photographic reproduction of an historic 


letter of Watson to Delbriick which is 
legible only with great difficulty and, in 
some places, totally undecipherable, a cir- 
cumstance not caused by Watson’s 
crabbed hand. Surely a book as important 
as this deserves a better production. 

Something very mysterious should also 
be pointed out. In the diagram on p.111 the 
enol structure for thymine incorrectly has 
an oxygen atom where there should be a 
hydrogen atom. The same diagram on 
p.191 of the hardback first edition of The 
Double Helix is correct, and identical in 
every other respect, right down to the 
pattern of dots inside the rings of the bases. 
Now, admittedly, some of the early diffi- 
culties in cracking the DNA structure con- 
cerned the keto-enol business, but what 
sinister force, in Alexander Haig’s 
terminology, took it upon itself to change a 
correct structure to an erroneous one? 

There are several misconceptions and 
misreportings that ought to be dispelled 
before remarking on a few of the reviews 
included in this new volume. | 

@ The Myth of the Invention of Base 
Pairing. Throughout the reviews runs the 
thread of the notion that Watson and Crick 
would never have discovered their struc- 
ture had it not been for ‘‘rules’’ of Erwin 
Chargaff that in DNA (molar amounts of) 
cytosine = guanine and thymine = 
adenine. However, Chargaff himself had 
not yet referred to this relationship as rules, 
and, indeed, his own published analytical 
data gave merely the merest hint of these 
regularities, and he himself averred the 
possibility that the regularities might be 
accidental. Stent (pp. 168-169) has more to 
say on this. 

The fault for these misconceptions must 
be squarely on the shoulders of Watson. 
We find him writing (p.75) ‘‘The moment 
[Spring 1952] was thus appropriate to think 
seriously about some curious regularities in 
DNA chemistry first observed by 
Chargaff”, and then subsequently cheer- 
fully disregarding them, and building a 
like-with-like, non-complementary, 
model. In addition, he had been assured by 
his friend, the biochemist Markham, that if 
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Review of James Watson’s The Double Helix by J. Field 


Hear the song of how the spiral 
Complex, twisted, double, chiral 
Was discovered. Its construction 
Following some shrewd deduction 
Was accomplished. From all sides “Oh 
Tell it as it was” they cried so 
Then he took his pen and paper 
And composed the helix caper 
Writing of the Cambridge popsy 
Turned the world of science topsy 
Turvy like had not before been 
Done. The story is no more than 
How the structure was discovered 
Secret of the gene uncovered 
Biological prediction 

Better than a work of fiction 
Stylistically breezy 

Everything appeared made easy 
And it was. The bases’ pairing 
Found at last — a small red herring 
Notwithstanding. How he found them 


Chargaff said that guanine equalled 
cytosine, he, Markham, was equally 
certain that it did not, because Chargaff’s 
experimental methods inevitably under- 
estimated the true amount of cytosine. On 
numerous other occasions Watson refers to 
Chargaff’s ‘‘rules’’. 

It is, on the other hand, abundantly clear 
from the narrative that these ‘‘rules’’ had 
` nothing whatsoever to do with the con- 
struction of the DNA model. The model 
came first, and made the rules, not the 
other way around. 

© The Myth of the Undercover Agent. 
In some of the reviews selected by Stent the 
role which Peter Pauling played is 
displayed as not quite what it should have 
been. Thus Watson, according to Merton 
(p.215), reports ‘‘with temerity and self- 
mocking wit the occasions on which Linus 
Pauling’s son, Peter, then a student at 
Cambridge, became a prime source of 
information about what his father was up 
to’’. Morrison (p.176) says that the idea for 
the double helix came ‘‘. . . out of hearing 
from the young American expert upstairs 
factually, I was not upstairs at all, but in the 
same office as Bob Parrish, Watson, Crick 
and Peter] that the textbook was probably 
wrong, or out of rumors about what 
Pauling was thinking — relayed by his son 
Peter at Cambridge’’. Lear (p.195) goes 
considerably further in stating that Watson 
‘discloses how he used his young friend 
Peter Pauling to spy on Pauling’s brilliant 
father, Linus’’. And Lwoff (p.227) 
observes that ‘‘Peter Pauling works in the 
Cavendish, receives detailed letters from 
Pasadena and informs his colleagues of the 
evolution of his father’s work’’. 

On careful reading of The Double Helix 
‘we find that Watson says nothing of the 
sort. Consult, if you will, the name index 
for the citations to verify this, and come to 
the conclusion that these statements and 
innuendoes in the reviews are pure fiction. 
So much for spies! 

è The Myth of the Race. Another 


And the hydrogens that bound them 
Was a stroke more accidental 

Than a work experimental 
Chemistry was not his calling 

He had read one book by Pauling 
Models of the bases he’d made 

With them on his desk top he’d played 
Shuffling them and putting like with 
Like he made no lucky strike with 
Guanine, thymine, adenine. A 
Letter came from Pasadena 
Horrors! then the day was won for 
Pauling’s model was quite done for 
Extra atoms he had set in 

Where no atoms should be let in 
With some phrases less than modest 
Pauling’s model’s called the oddest 
Back now to the basic pairing 
How’s the structure building faring? 
Faster, faster goes the race, then 
Everything falls into place when 


thread, nay, hawser, which twines through 
the reviews, is the ‘‘breathless race” 
between Watson and Crick on the one 
hand, and Linus Pauling on the other, 
towards that legendary ceremony, 
established by the dynamite tycoon, in the 
gloomy, sunless Stockholm of December. 
The same strand snakes its way through 
The Double Helix. How, though, can there 
be a race with only one team and no 
antagonist? At this stage (1952-1953), 
Pauling, whose reputation as a scientist 
was unequalled, had well over 200 
publications under his belt, including a 
dozen or more books universally 
appreciated and widely read. His ticket to 
Sweden was long overdue. (He did, in fact, 
make this journey the very next year in 1954 
to collect his first Nobel prize.) Was he 
racing Watson? Certainly not. To Pauling, 
in Peter’s view (New Scientist, May 31 
1973, p.558), DNA was just another 
chemical, intrinsically equal in interest to, 
say, sodium chloride; both presented 
interesting structural problems, so why 
race with DNA? 

@ The Myth of the Filched Photographs 
and the Dipped Data. The fourth and final 
myth concerns the X-ray data, and whether 
Watson and Crick came by them by 
unorthodox methods. Among the 
reviewers we find Sinsheimer referring to 
‘‘cadged data” and a ‘‘privileged report”, 
Lear to a ‘‘clandestine communication 
channel’? and supposedly ‘‘confidental 
data’’, and Merton to ‘‘an odd expedient 
for gaining access to badly needed 
information’’. Lwoff and Chargaff (in his 
review, not included in this volume) quote 
acrucial paragraph from The Double Helix 
which led to both of them to comment on 
ethics. The same passage is reproduced by 
Perutz, the supposedly clandestine 
channel, in his letter, pp.207-210, in 
which, as well in the letters by Wilkins and 
Watson which follow, it is made 
abundantly clear that the report was not 
confidential, and the data had already been 


Tautomers which nature chooses 

Are the ones our author uses 

Two chains (but here we can’t be sure) 
Plus this extra structure feature: 
Pauling's outside bases inside 
Pauling’s inside phosphates outside 
Now they all were quite ecstatic 

Soon became they quite dogmatic 
Having nature’s secret later 

Checked against the x-ray data 

This was difficult, for Rosie 

Found our scientist rather nosey 
Bragg compares the book with Pepys. Is 
This the verdict of Maurice? His 
Thoughts alas we cannot gainsay 
Trumpet blowing’s not his forte 

Tales like this do have a moral 
Whether printed whether oral 

Find the right man to advise you 

Then yowli get a Nobel prize too. 


disclosed in open seminars. 

As a matter of fact, an X-ray diffraction 
photograph which, although not of the 
high quality of those produced by the two 
groups at King’s, clearly shows the charac- 
teristic helical pattern of the B structure, 
had been published by Astbury years 
earlier, so all the fuss over stolen data was 
really unnecessary. 

Five of the reviews of The Double Helix 
included here were previously reviewed by 
Gunther Stent, the editor. The article by 
Chargaff, that vieux terrible of the DNA 
saga, although not reprinted because he 
withheld permission, is reviewed. (Anyone 
wishing to read the original will find it in 
Science 29 March 1968; p.1448). Of the 
seven new reviews, one of them warrants 
comment, that by the bipseudonymenous 
“F,.X.S.”, originally ‘‘F.R.S.’’. This is not 
a review at all, but verbal virtuosity by a 
polylingual sesquipedalianist, and why 
Stent chose to include it is an enigma, as it 
adds little insight into DNA or those 
connected with it. F.X.S. is coy about his 
identity, but really, who cares? His piece is 
worth reading, but hardly reprinting. 

There are numerous other important 
reviews not included by Stent — by Lord 
Todd in Chemistry in Britain, Sokolov in 
Newsweek, Bernstein in The New Yorker, 
Maddox in Nature and so forth. Another 
not selected by Stent, by J. Field, appeared 
in the Journal of Irreproducible Results, 
(Vol.17, December 1968, p.53). Because it 
expresses as well as anything the flavour of 
Watson’s book, it is reproduced above 
(with the permission of the editor). 

Anyone who hasn’t yet read The Double 
Helix should certainly do so, but, even if 
you own a copy, the additional material in 
the present volume amply justifies its 
purchase. = 





Jerry Donohue is Rhodes- Thompson Professor 
of Chemistry at the University of Pennsylvania. 
He spent the academic year 1952-1953 as a 
Guggenheim Fellow at the Cavendish 
Laboratory, University of Cambridge. 
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Schumacher reconsidered 


Eric Ashby 


Small is Possible. By George McRobie. 
Pp.331. ISBN hbk 0-224-01858-2; ISBN 
pbk 0-06-090694-4. (Jonathan Cape/ 
Harper & Row: 1981.) Hbk £7.95; pbk 
$5.95. 


THERE is a mysterious jackpot logic about 
best-selling books on the environment. 
Why has Vogt’s Road to Survival sunk 
without trace while Leopold’s Sand 
County Almanac is quoted and requoted? 
Both were published a generation ago; 
both are elegantly written. Why is 
Thoreau, who liked his wilderness to be as 
tame as a tabby cat, still regarded as a con- 
servationist’s guru? And why is 
Schumacher’s Small is Beautiful treated as 
a seminal tract in self-sufficiency? Surely 
Tolstoy had similar ideas and there were 
Tolstoyan communities (well described by 
W.H.G. Armytage in Heavens Below, 
published 20 years ago) in Britain in the 
1890s. 

Small is Beautiful, I’m told, still sells 
well, thanks (ironically) to the large-scale 
techniques of book production and 
marketing. It is seductively written and full 
of wisdom. But wisdom, alas! is only a 
minor ingredient in practical politics. As 
devotional reading, Schumacher’s book is 
still popular; but as a blueprint for a new 
economic policy in the manifesto of a 
political party (except, perhaps, the mis- 
named ecology party) its nota starter. Not 
only in the capitalist world but in the 
communist world too, small may well be 
beautiful, but it is the giant enterprise that 
provides energy, packaged foods in the 
supermarket, communications, transport, 
the dish-washer in the kitchen and the car in 
the garage. The communes in China are an 
exception to this generalization, but will 
they survive as China becomes a great 
industrial power? For Britain, at any rate, 
it does not seem unduly cynical to assume 
that if a choice had to be made at the polls 
between an economic life style which was, 
in Schumacher’s sense, beautiful, and one 
which gave the greatest material comfort to 
the greatest number of people, then beauty 
would lose out. 

So the stock comment on Small is 
Beautiful is ‘‘beautiful, no doubt; 
practicable, no’’. Therefore when a sequel 
appears with the title Small is Possible, it 
should be accepted as a challenge to re- 
examine Schumacher’s thesis. It is in that 
spirit that I read the book. 

George McRobie, the author, was 
Schumacher’s assistant and co-founder of 
the Intermediate Technology Development 
Group, ITDG (one of the many — far too 
many — acronyms in the book). He does 
not pretend to write with the felicity of 
Schumacher but he doggedly assembles 
evidence to validate the book’s title. The 
book is, for the most part, an annotated 
catalogue of enterprises in intermediate or 


“appropriate” technology which are con- 
sistent with Schumacher’s thesis, namely 
that conventional capital-intensive 
projects are a disaster in Third World 
countries and may well be the signpost 
toward disaster in industrialized countries; 
and — this is the message of the book — 
that there are alternative small people- 
intensive projects which are viable. 
McRobie gives a list, with addresses, of 
nearly 100 organizations concerned with 
appropriate technology engaged in hun- 
dreds of little experiments. The evidence 
persuades me (at any rate) that there is a 
minority movement to reject the life-style 
of what used to be called the military- 
industrial-complex; not on political 
grounds but on what may become a much 
firmer foundation: moral grounds. It is no 
more than a sprinkling of enthusiasts (some 
of them cranks) in the interstices between 
super-highways, power stations, acres of 
petrochemical works and refineries; 
uncoordinated, fragmented. But some- 
thing interesting is going on, and if the 
fragments coalesce a new life style might 
emerge. 





The late E.F. Schumacher, prophet of 
self-sufficiency. 


What is going on? Here are a few 
samples taken from McRobie’s book. 

He deals first with the most urgent and 
relevant application of Schumacher’s 
thesis: the design of equipment for 
agriculture and industry in Third World 
countries. The principle is simple. In 
countries with surplus manpower, and 
without technical sophistication, capital 
investment per worker has to be as low as 
possible. When a British trade mission 
went to Nigeria, Schumacher’s group 
(ITDG) put into their hands a stencilled 
Guide to Small-scale Equipment for Rural 
Development, ‘‘of animal and man- 
operated agricultural equipment obtain- 
able from little hole-and-corner firms in 
Britain’’. Not at all what the mission 
intended to propagate in Nigeria; but (said 
Schumacher) ‘‘This thing was torn out of 
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their hands by people who said: For the 
first time you bring us something of 
interest, instead of the usual glossy 
catalogues’’. That was 15 years ago. Since 
then the ITDG has had an impressive 
record of service to Third World countries. 
A building panel set up, in five African 
countries, units for making bricks at a 
capital cost of £400 per workplace, com- 
pared with £40,000 per workplace in a large 
modern brickworks; and it invented and 
put into production a fibre-reinforced 
cement for roofing at a fraction of the cost 
of the normal commercial product. A 
water group published handbooks on the 
making of pumps, wells and low-cost irri- 
gation systems. A farming group has 
designed and put into production (in 
Zambia and Nigeria) workshops for 
making machines for weed-control, 
groundnut harvesting and fibre stripping. 
A transport unit based on the Engineering 
Department at Oxford has designed the 
Oxtrike: a cycle rickshaw which can be 
made in Third World countries. Windmills 
in Ethiopia, water pumps in Nepal, mini- 
hydro generators — all locally made — 
replace the imported equipment which 
cannot be kept in good repair without 
Skilled technicians. And — most 
imaginative of all — the Rural Health 
Panel has, under the skilled guidance of Dr 
Katherine Elliott, promoted the training of 
auxiliaries in health care, in collaboration 
with the World Health Organization. 
These efforts may seem to be trivial 
crumbs to offer the Third World when set 
beside the massive expenditures on steel 
mills for India or on the Volta Dam for 
Ghana; too trivial for all the effort 
involved. But they have an importance 
which cannot be quantified: they may, with 
luck, convince the Third World that it does 
not want to ape Europe and America in its 
patterns of society. And it may help to 
repair some of the damage we have done in 
exporting the wrong kinds of goods and 
education to the Third World. Thus, when 
we exported medical education to the 
university colleges of tropical Africa we 
arranged (with the noblest of motives) that 
its quality and content would be indis- 
tinguishable from that in a London 
medical school. The surgical staff, training 
doctors skilled to remove the gallstones of 
cabinet ministers in the capital city, 
regarded with impatience the activities of 
an African professor of social medicine, 
who put his efforts into the holding of 
competitions in the villages for the con- 
struction of earth closets. Anyone who 
dared to suggest that the prime need was 
for medical auxilliaries (as the Soviet 
Union and China had) was scarified with 
criticism. The universities were suspicious 
of any subject in the curriculum which 
would not have been appropriate in 
London. One encouraging message in 
McRobie’s book is that this technological 
snobbery is diminishing. African univer- 
sities are becoming relevant to African 
problems. Countries where Small has been 


reer sees 
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Practicable (if not Beautiful) for millennia 
may still have a chance to escape some of 
the social perils of modern technology. 

What about the industrial West, where 
the proudest boast of technologists is that 
they save manpower at the cost of capital 
investment per workplace? It would be 
stupid to dismiss the enormous social 
benefits of mass production. For every one 
man whose life is dissipated on a 
production line in British Leyland there 
must be hundreds of families whose lives 
have been liberated by the possession of a 
car. Holidays, picnics, visits to friends and 
relations, life in a suburb and a short drive 
to the office: all these are incomparably 
easier to secure than they were for the so- 
called lower classes when I was a boy. 
While there was full employment, and 
material progress brought with it some 
improvement in the quality of life, the 
achievements of the industrial West were 
welcomed. For the first generation owner 
of a car and a refrigerator and an air ticket 
to Majorca, the warnings of Schumacher 
were dismissed as neurotic. 

It is a different story today. Thanks to 
education and the media, the unemployed 
are more articulate than they were in the 
1930s. They do not equate unemployment 
with leisure, even though they are paid to 
be unemployed. To be without work is as 
dangerous as to be without love. So, 
suddenly, the application of Schumacher’s 
ideas (and not just Schumacher’s: they are 
the ideas of William Morris and Tolstoy in 
modern dress) becomes relevant and 
politically important.‘ McRobie describes 
how hundreds of small groups of people in 
America, Canada and (on a smaller scale) 
in Britain have detached themselves from 
the conventional pattern of society, to seek 
a pattern which does not have the formula 
‘economies of scale’? woven into the 
design. In America some of the experi- 
ments have official support. There is a 
National Center for Appropriate 
Technology, inspired by Senator Mike 
Mansfield. There is the California Office 
of Appropriate Technology, started by 
order from Governor Jerry Brown, with a 
budget of $900,000, encouraging the use of 
solar energy, and designing small-scale 
sewage systems and techniques for 
aquaculture. In the Bronx, some of which is 
a waste of derelict city lots, an Institute for 
Local Self Reliance has mobilized local 
labour to cultivate gardens and rehabilitate 
decayed property. And in Canada — in 
many ways the most enlightened of 
Western nations — there is in the ugly 
mining town of Sudbury a project called 
‘Sudbury 2001’? which, with a provincial 
government grant of $600,000, is preparing 
some of the workforce for the inevitable 
tedundances they see ahead. 

Robie’s chapter on the 
“alte natives” movement in Britain is less 
encouraging. It seems (perhaps there is 
another side to the story) that neither 
governments nor trade unions have taken 
much interest in the possibilities of small 








collectives. The experiences of the Kirkby 
Manufacturing and Engineering Ltd 
(KME) and the Scottish Daily News do not 
generate much confidence. Of course it is 
sheer fantasy to imagine that ICI, BP and 
the Central Electricity Generating Board 
will dissolve in a flood of little collectives 
making their own paints, heating their 
farms with home-made methane, using 
windmills knocked together by the local 
blacksmith. But the unemployed displaced 


by a combination of world diseconomy and 
new technology are going to demand work. 
If they do not get work, society as we know 
it may be shattefed. If we have to invent 
work not to produce things for profit but to 
satisfy a deep genetically coded human 
need, then perhaps Schumacher’s ideas are 


‘= 


worth another thought. £ 


Lord Ashby is Chancellor of Queen’s 
University, Belfast, and a Fellow of Ciare 
College, Cambridge. 


Science fiction as Marxism 


James Gorman 


Robert A. Heinlein: America as Science 
Fiction. By H. Bruce Franklin. Pp.232. 
ISBN hbk 0-1950-2746-9; ISBN pbk 0-1950- 
2747-7. (Oxford University Press: 1981.) 
Hbk $18.95, £10; pbk $4.95, £3.95. 


READING H. Bruce Franklin on Robert 
Heinlein is a bit like reading an analysis ofa 
sexual farce by a stiff-necked, bible-bound 
fundamentalist who can never get his mind 
off the fact that sex is, after all, sinful. 
Franklin has produced a painstakingly 
detailed Marxist analysis of what, at its 
best, is flashy escapist fiction. Heinlein’s 
heroes, his cynicism and sentimentalism, 
his taste for adventure, all his tales of space 
exploration, war, sexual fantasy, time 
travel and immortality become a rather 
dreary reflection of the contradictions of 
capitalism in the United States. 

Franklin leaves the science in the fiction 
more or less alone; this omission does no 
disservice to Heinlein. Science only pro- 
vides him with the authority by which 
reality is breached — it is the excuse for the 
reader to believe in the fantasy. When it 
suits his purpose, Heinlein is not averse to 
using magic in its place. 

Heinlein is at least as fond of social 
theory as he is of science, and his books are 
full of expostulation on one half-baked 
political philosophy or another. And, as 
Franklin points out, he does reflect his 
times. In the 1950s he produced anti- 
communist novels; in the 1970s he explored 
narcisstic sexual excess in some of the worst 
writing of his career. And, in 1961, at the 
beginning of one of America’s most 
notorious decades, he produced what is 
probably his most popular book, Stranger 
in a Strange Land. In it a young human 
being, raised on Mars, by Martians, comes 
to Earth, views us all through alien, though 
human eyes, and finally founds a religion 
that is part universal sexual love, part 
hucksterism, part anarchism and part 
violent elitism. The gentle, loving hero is in 
the habit of making his enemies, and other 
undesirables, disappear by a wink of the 
mind, a trick he learned on Mars. 

This is, indeed, very close to ‘‘America 
as Science Fiction’’. But when Franklin 


presses his point to argue that the hero 


“embodies our most infantile fantasies and 


the central goal of bourgeois ideology — 
the unfettered freedom of the individual 
will”, he is less convincing. Indeed, when, 
throughout the book, he holds up Heinlein 
as a mirror that reflects the nature of 
capitalist society, he undermines his case by 
two unfortunate omissions — he leaves out 
Heinlein, and he makes his analysis on the 
basis of unargued and undemonstrated 
assumptions. 

Where indeed is Heinlein in all of this? 
Franklin gives us only a thumbnail bio- 
graphy, which concentrates more on the 
economic conditions in the country when 
the author grew up than it does on Heinlein 
himself. And where is Heinlein’s 
imagination, his writing skill, his ability to 
create compelling stories? A writer of 
fiction is less a mirror than a lens, that 
refracts rather than reflects the light of his 
culture, bending it with his own 
idiosyncrasies. In Franklin’s formula the 
curve of Heinlein’s lens is missing. 

Also missing is some back-up for his 
ready-made Marxism. It may well be true, 
as he notes in passing, that the conditions 
of the two main groups of workers in 
America before World War II were ‘‘the 
debt peonage characteristic of the majority 
of Black rural workers and the wage slavery 
of mine and factory labor’’, and that ‘‘class 
struggle . . . has constituted actual human 
history’’, but his case would be stronger if 
he demonstrated his points rather than 
asserting them. Nor are these isolated 
examples. He tells us, for instance, that “If 
the will is free to do anything it wishes, the 
will is free from the apparent laws of the 
physical universe and also free from the 
apparent laws of human social 
development’’. He doesn’t tell us what 
either set of laws are, perhaps assuming 
that the precepts of dialectical materialism 
are as well known and widely accepted as 
gravity. 

What Franklin’s book could use, finally, 
is a bit more of an internal dialectic. If we 
were to see the clash of culture and 
individual in Heinlein’s work, we might 
come away with a richer understanding oi 
theauthor, and of America. s 


James Gorman is a staff writer on Discover 
magazine. 
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Gel Electrophoresis of 
Proteins: a practical 
approach 

Edited by D. Rickwood and B. Hames 


A laboratory aid for all those wishing to 
separate proteins by gel 
electrophoresis. Contains detailed 
recipes and step-by-step instructions 
on the procedures involved in all the 
different types of electrophoretic 
separation 

0 904 147 22 3 (soft) £7.50/US $18.00 
300 pp (approx.) 


Rapid and Automated 
Methods in Microbiology 
and Immunology: 

a bibliography 1976-1980 

A unique reference tool to help you 
find the simplest method or technique 
best-suited for your laboratory. 
Contains over 3000 citations on 
practically all the rapid and automated 
techniques introduced in the field 
during the last five years. 

0904 147 193 (soft) £15.00/US $36.00 
200 pp (approx.) 


Tooth Surface Interactions 
and Preventive Dentistry 


Edited by G. Rolla, T. Sonju and 
G. Embery 


Proceedings of a workshop held 
December 1980 in Oslo and part of 
a series devoted to current aspects 
of dental research concerned with 
the interactions occurring at the 
tooth surface. Particular emphasis 
is directed at the role of inorganic 
ions, especially stannous fluoride, in 
influencing the metabolism of oral 
bacteria and their adherence 
properties. 

0 904 147 29 0 (soft) 

£15.00/US $36.00 217 pp, 40 illus 


Immunology of the Eye 
Proceedings of three 
workshops sponsored by 
the National Eye Institute, 
USA 


Workshop |: Immunogenetics and 
Transplantation Immunity 

0 904 147 25 8 (soft) 

£10.00/US $25.00 300 pp 


Workshop It Autoimmune Phenomena 
and Ocular Disorders 

0 917 000 07 2 (soft) 

£10.00/US $25.00 200 pp (approx.) 


Workshop III: Infection, Inflammation 
and Allergy 0 917 000 08 0 (soft) 
£10.00/US $25.00 300 pp (approx.) 


Prepaid orders and requests for 
further details to: 
€ information Retrieval 


1 Abbey Street, Eynsham, 
Oxford OX8 1JJ, England 

1911 Jefferson Davis Highway, 
Arlington, VA 22202, USA 
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Colourful tale of two Voyagers 


J. Veverka 


Voyage to Jupiter. By David Morrison and 
Jane Samz. Pp.199. (National Aeronautics 
and Space Administration: 1980.) Pbk 
$7.50 US only. 





NASA-sponsored books describing flight 
missions to various planets are not hard to 
find. Unfortunately, good ones are as 
scarce as impact craters on the surface of 
lo. Typically, such books amount to little 
more than collections of pictures inter- 
mingled with spacecraft details and other 
mission minutiae. Science gets mentioned 
only in passing and at so superficial a level 
that even the casual reader feels short- 
changed 

Voyage to Jupiter is not such a book. Itis 
a beautifully illustrated, vivid account of 
the two historic Voyager encounters with 
Jupiter in 1979, as well as a factual 
summary of the initial scientific results. 
Everyone should find it interesting; even 
the sophisticated reader will find it 
informative. 

In part, the successful outcome may 
result from the combination of talents of 
the two authors: Samz, a science writer, 
and Morrison, a planetary scientist and a 
member of the Voyager Imaging Team who 
was personally involved in many of the 
discoveries described in this book. 
Certainly, this volume does contain details 
of the spacecraft construction, the mission 
profile and the requisite pictures of the 
major participants, but interwoven with all 
this is real, substantial science. Voyager's 
many discoveries — rings, volcanoes, 
lightning, new satellites and so on — are 
not merely catalogued chronologically, but 
are tied into a comprehensive new picture 
of Jupiter and its satellites. Without 
question, Voyage to Jupiter is more than a 
NASA picture book, but it is certainly that 
too. The Voyagers are the first planetary 
spacecraft to have sent back large 
quantities of true colour data, and it would 
be difficult to imagine a better subject for 
colour imaging than the jovian system. 
Many of the best of these pictures are 
reproduced admirably in this volume. 

The book opens with a pair of chapters 
summarizing our pre-Voyager knowledge 
of the Jupiter system based on three 
centuries of telescopic observations and the 
initial reconnaissance by Pioneers 10 and 
11 in 1973-1974. Next, the authors discuss 
the spacecraft, the scientific work that its 
eleven instruments were designed to carry 
out and some of the individuals responsible 
for these experiments. Then come three 
chapters giving a day-by-day account of 
the two encounters. Here the reader can 
share some of the excitement experienced 
by those who were fortunate enough to be 
in Pasadena during these two historic 
events when major discoveries were being 
made almost hourly. Two of the remaining 
three chapters aptly summarize our 


current, post-Voyager, view of the planet 
and its satellites, and the volume ends with 
a discussion of future missions to Jupiter. 
Sadly, this chapter must be very short. At 
present, the only mission planned is 
NASA’s Project Galileo, which will 
investigate the jovian system in the latter 
half of this decade. For a while at least, our 
view of Jupiter and its satellites will remain 
that relayed to us by Voyager in 1979. 
Voyage to Jupiter — an excellent little 
book — sets a high standard for future 
NASA publications of this sort. In these 
days of $30-$40 science books, it is an 
absolute bargain which I heartily 
recommend. a 


J. Veverka is at the Laboratory for Planetary 
Studies, Cornell University, New York. 


Here comes Halley 
David W. Hughes 


The Comet is Coming! The Feverish 
Legacy of Mr Halley. By Nigel Calder. 
Pp.160. ISBN 0-563-17859-0. (BBC: 1980.) 
£8.75. To be published in the USA by 
Viking, $12.95. 





“EVERY seventy-six years or so Halley’s 
comet punctuates history like an exclama- 
tion mark in the sky”. It was last seen in 
1910 and it is due back soon. To be precise 
it will be at perihelion, the point in its orbit 
closest to the Sun, on 9 February 1986. The 
preparation for this momentous event has 
already started. The European Space 
Agency is busily organizing the Giotto 
spacecraft which will pass as close as 
possible to the cometary nucleus. The 
International Halley Watch is being super- 
vised by the Jet Propulsion Laboratory in 
Pasadena and this will co-ordinate all the 
ground-based and near-space observations 
of the comet. The public are getting ready 





Edmund Halley, Astronomer Royal from 
1720 to 1742. 
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too. Brian Marsden once said ‘‘To the man 
in the street the Solar System consists of 
Mars, the rings of Saturn and Halley’s 
comet”. Comets fascinate people and the 
next few years will see a flood of books, 
television programmes and newspaper 
articles on the subject. 

Nigel Calder and the BBC are in the 
vanguard and The Comet is Coming! is the 
book of the television programme that is to 
be shown first on BBC2 in mid-1981. The 
book is excellent. Calder has a beautiful 
turn of phrase and often had me chuckling. 
The text is non-mathematical and infec- 
tiously readable. The illustrations have 
been carefully selected and many are new to 
me — not for Calder is the regurgitation of 
the old faithful. The style is journalistic but 
you are never left in doubt that the author is 
a sensible scientist. 


= 





Portent of a new King? Detail from the 
Bayeux tapestry showing the appearance 
of Halley’s comet. 


Halley’s comet and its like are ostenta- 
tious and elusive and because of this they 
create a no-man’s-land of speculation 
where crazy ideas may be fantasies or 
brilliant insights. This book is a sure guide 
to this no-man’s-land and underlines the 
joys, mysteries and frustrations of 
cometary science. We read of the attitude 
of the superstitious who regard comets as 
telegrams from the Gods — disorders in 
heaven importing changes of times and 
states. The role of Edmund Halley is 
stressed, especially his work on orbits. The 
physical and chemical nature of comets 
and the suggestions as to their origin are 
reviewed, as are the problems of cometary 
discovery and observation. Fred Hoyle and 
Chandra Wickramasinghe’s theory that 
comets could have brought life to Earth 
and are even today scattering disease over 
the globe through the influx of dust is 
discussed. Calder examines the conse- 
: quences of a collision between the Earth 
and a comet; and special reference is 
obviously given to the demise of the 
dinosaurs about 65 million years ago! 

The book is well referenced, well indexed 
and I recommend it strongly. E 


David W. Hughes is a Lecturer in Physics and 
Astronomy at the University of Sheffield. 
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Star-spangled dream 
Brian O'Leary 


Bound For the Stars. By Saul J. Adelman 
and Benjamin Adelman. Pp.335. ISBN 
hbk 0-13-080390-1; ISBN pbk 0-13- 
080382-0. (Prentice-Hall: 1981.) Hbk 
$17.95, £11.65; pbk $8.95, £5.80. 


“WE ARE too great a nation to limit 
ourselves to small dreams’’ said President 
Reagan in his inaugural address. Amongst 
the budget slashing that has followed, it is 
difficult to imagine just what dreams Mr 
Reagan has in mind. 

One thing is clear: there is no shortage of 
big dreams in space. Sound engineering 
concepts wait for their political and 
commercial opportunity, Once they are 
triggered, we can expect to witness an 
explosive renaissance in the high frontier. 
The question is not whether it will or should 
happen; it is when, how and by whom. 
Soviet-American political and military 
pressures mean we are in space to stay. 

Different writers, however, have 
different goals. Gerard K. O’Neill, in The 
High Frontier, argues the case for satellite 
solar power stations and space habitats 
manufactured in space from lunar 
materials. Carl Sagan, in Cosmos, 
describes the excitement in expanding 
scientific programmes in modern 
astronomy, the search for extraterrestrial 
intelligence and unmanned planetary 
exploration. In The Fertile Stars, I show 
how asteroid mining and retrieval could 
provide the key to expanding the limits to 
growth of the world supply of energy, food 
and raw materials, to pave the way to space 
colonies and manned planetary explo- 
ration. Saul and Benjamin Adelman havea 
rather less accessible dream to offer; Bound 
for the Stars champions interstellar travel 
as the primary goal for future space activity. 

There is little question that NASA’s lack 
of a well-defined objective has hurt the 
American space program immensely. The 
lunar-landing commitment made by 
President Kennedy in 1961 (and completed 
eight short years later) was the last grand 
goal of space. We are now seeing the final 
vestiges of Apollo momentum petering out 
—- the Voyager Saturn fly-bys will be the 
last American planetary probes to return 
new data for at least another five years. 

Apart from the space shuttle, the US 
civilian space programme is virtually dead, 
while the Soviets, Europeans and Japanese 
move steadily forward. For example, all 
three plan a Halley’s comet mission during 
its once-in-a-lifetime appearance in 1985 
and 1986; budget cuts have grounded an 
American Halley probe. The Adelmans say 
these retrenchments can be ascribed to 
shortsighted year-to-year planning in the 
US federal government, and contrast this 
with the project-approval system of the 
European Space Agency. They stress the 
importance of changing NASA’s charter to 
protect it from the lack of continuity it 


suffers from the annual budget cycle, 

The best feature of the book is its wealth 
of detail on concepts of interplanetary and 
interstellar travel. The authors trace the 
history of the development of propulsion 
systems and navigational techniques with 
skill and perceptiveness. Most of the 
concepts have not flown. They describe, 
for example, the ill-fated Orion Project (in 
which exploding atomic bombs propel a 
large spaceship) as a ‘‘science orphan no 
one wanted to adopt’’. 

The Adeimans’ stand that interstellar 
travel should be the basic unifying aim for 
future space activity is controversial. 
Because starships are well beyond our 
current technological capability, many 
decision-makers will not accept such a 
heady goal. By contrast, Apollo was — and 
manned Mars landings, asteroid mining, 
space industrialization, space colonies and 
satellite solar power are — feasible projects 
which could use today’s technology. 

The first few chapters of the book are a 
smorgasbord of what appear to be after- 
thoughts. The authors skip rapidly from 
the origin of life to the search for extra- 
terrestrial intelligence to a survey of the 
Solar System, back to life in space, plans 
for biological experiments aboard 
Spacelab, controlled ecologies, Solar 
System travel, space colonies and so forth. 

These sections are weak, covering the 
subjects incoherently with misleading and 
biased remarks: for example, the belief that 
all life must be carbon-based and depend 
on water (see Life Beyond Earth by Gerald 
Feinberg and Robert Shapiro for a differ- 
ent view); “Dr Carl Sagan of Cornell 
University believes that about a million 
civilizations exist in the Galaxy on the same 
or more advanced level than Earth civiliz- 
ation” (p.17, too strong); “The galactic 
cosmic rays from outside the solar system 
are not a serious hazard, even for voyages 
lasting more than a year” (p.41, not true). 
In addition, they show a strong bias against 
satellite solar power and for nuclear power 
(pp.80-85) which, in the United States, 
might prove politically unacceptable. 

The real strength of the book, then, is in 
its thorough discussion of the prospects of 
interstellar travel. I have been looking fora 
handy reference on the subject, and this is 
most certainly the best available. I applaud 
the Adelmans’ remarks about the impor- 
tance of keeping the space programme 
alive and that we need a goal to work 
toward. 

I believe political and military 
pressures are the foot in the door, 
economics will become the driver (space 
industrialization) and the thorough 
exploration of the Universe will be the 
ultimate and most fulfilling by-product. 

In spite of all the budget-cutting and 
pessimism, we have some ideas. The 
Adelmans’ treatment of interstellar travel 


ree 
i i 


in this new book isone of them. ~ QO 


meanen eene aie raag 

Brian O'Leary is a former scientist~astronaut, 
and author of The Fertile Stars, to be published 
in June. 
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The pluviculturists 
Richard W. Katz 


The Rainmakers: American ‘‘Pluvi- 
culture” to World War Ii. By Clark C. 
Spence. Pp.i85 ISBN 0-8032-4117-8. 
(University of Nebraska Press: 1980.) 
$15.95, £9.60. 





In 1930, “Dr” George Ambrosius Immanuel 
Morrison Sykes was employed by the 
Westchester Racing Association to ensure 
sunny weather at Belmont Park racetrack 
in New York City. Although not a 
meteorologist, Sykes called himself a 
‘‘meteorolurgist’’, that is, someone who 
can actually control the weather. Besides 
suppressing rainfall, Sykes’ Weather 
Control Bureau also claimed to be able to 
prevent snow, hail, frost and hot weather. 
The Bureau could, on the other hand, 
generate rainfall if so desired. To perform 
these seemingly impossible feats, Sykes 
relied upon a bizarre assortment of 
equipment, ranging from a toy propeller to 
a tub of smelly chemicals. His efforts to 
guarantee sunshine at Belmont Park, 
needless to say, met with only mixed 
SUCCESS, 

Although the putative beginning of 
scientific weather modification dates from 
1946, with Vincent Schaefer’s successful 
seeding of clouds using dry ice, Clark 
Spence’s entertaining book describes the 
largely forgotten history of earlier, less- 
scientific rainmaking attempts in America. 
David Jordan coined the term ‘‘pluvi- 
culture” to refer to the endless rainmaking 
schemes that were inevitably proposed 
upon the occurrence of drought. Most of 
these ‘‘pluviculturists’? were not nearly as 
outlandish as “Dr” Sykes. They included 
James Espy, a true scientist, whose theories 
concerning a relationship between fire and 
rainfall were respected by the scientific 
community. The most popular rainmaker 
was probably Charles Hatfield (the 
‘‘miracle man’’), a former sewing machine 
salesman, who used the ‘‘smell maker’’ 
technique involving the release of 
chemicals into the atmosphere. Reputedly 
responsible for the great flood of 1916 in 
San Diego (‘‘Hatfield’s flood’’), he has 
become a part of the folklore of southern 
California. 

The recipe for success as a rainmaker was 
simple. Above all, it required being a 
convincing salesman to take advantage of 
the public’s gullibility. When faced with 
drought, farmers were desperate and 


Two psychology textbooks recently 
reviewed in Nature (289, 710; 1981), 


Behavioral Neuroscience (by C. W. Cotman 
and J. L. McGaugh) and Physiological 
Psychology (by T. S. Brown and P. M. 


Wallace), are available in the UK in a 
cheaper international edition. Both are 
published by Academic Press, and the prices 
of the international editions are £6.25 and 
£6.40, respectively. 
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CHAPPIE. ‘Thia is great. Maud wants me to take her to the foot-ball game. TH just buy a 
thunder-ahower and knock out the whole business.” 


Rainmaking Humour, from Harper’s Weekly October 24, 1891. 


willing to try almost anything. This 
‘drought psychology” made the ‘‘no rain, 


no pay’’ schemes offered by the rain- © 


makers highly attractive. Aided by weather 
forecasts and information on local mete- 
orological patterns, the pluviculturists 
depended on occasional coincidences with 
the occurrence of natural precipitation to 
demonstrate the viability of their 
rainmaking operations. Plausible excuses 
could always be dreamed up in case of 
failure. Sensationalized journalism helped 
too, publicizing apparent successes, while 
not bothering to mention failures. The 
scientific community, including the US 
Weather Bureau, remained steadfast in 
opposition to nearly every rainmaking 
scheme, but to no avail; scientific expertise 
was no match for expert salesmanship. 
The rainmakers took advantage of 


several common fallacies, all somewhat 


statistical in nature. The post hoc, ergo 
propter hoc fallacy arose in connection 
with the coincidence between rainmaking 
Operations and subsequent rainfall. 
Pluviculturists always took credit for any 
rainfall, even if it occurred several days 
after their operations or only at distant 
locations. Another fallacy concerned the 
often misused ‘‘law of averages’’. 
Rainmakers were well aware of the odds 
for rain, correctly realizing that it was sure 


te occur eventually. That the public was 
confused about the law of the averages is 
no wonder; even Spence is apparently 
confused about it. He suggests that the task 
of arainmaker was made easier, because an 
extended drought increased the likelihood 
for rain. 

It is impossible to read Spence’s book 
without being compelled to make com- 
parisons with more recent weather 
modification activities. Some striking 
similarities are present. Overstatement 
continues to be employed to sell rain- 
making, with one current euphemism for 
such activities being ‘‘weather resources 
management’’. Journalists’ reporting of 
the subject remains somewhat misleading 
or inaccurate, and the public tends to 
accept the same fallacious reasoning. As 
always, interest in pluviculture is revived 
whenever a drought occurs. To justify 
government funding of weather 
modification programmes, politicians rely 
to some extent on the same ‘‘it’s worth a 
try’ or “it can’t hurt’? arguments. If 
Spence’s history of American rainmaking 
were extended to the present, how different 
would it be? C 


Richard W. Katz is in the Department of 
Atmospheric Sciences at Oregon State. 
University, Corvallis. 
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Richard of York’s battles not in vain... 


Ann Henderson-Sellers 


Rainbows, Halos, and Glories. By Robert 
Greenler. Pp.240. ISBN 0-521-23605-3. 
(Cambridge University Press: 1981.) £15, 
$24.95. 


ACCURATE recollection of the ordered 
colours of the rainbow by means of the 
nursery sentence, “‘Richard Of York Gave 
Battle In Vain’’, is a necessary but 
insufficient basis for understanding in the 
eyes of Robert Greenler. He wants us also 
to be moved to wonder at the mysteries of 
optical phenomena in the sky. His book is 
reminiscent of a fascinating, extended 
tutorial with a professor of physics who, 
fortunately, combines hard scientific 
research with an almost childlike delight in 
beautiful things. During his discourse we 
are prompted to exclaim at magnificence, 
explain apparent enigmas and reinterpret 
historical events through computer 
simulations of atmospheric optics. 

The book divides into three sections 
dealing with rainbows and ice-crystal 
optics, and then simulation and 
understanding of historical and modern 
sky displays, before finally returning to 
colourful mysteries, myths and mirages. 
Throughout, facts and frustrations are, 
like the individual rainbow we each view, 
enriched by Greenler’s personal ex- 
periences. For instance, he illustrates the 
concept of the constant angular size of 
rainbows by a description of his doomed 
attempts to photograph the, apparently, 
miniature bow formed in the spray of his 
garden hose. The author is clearly 
“hooked” on his subject; he admits to 
seeing and searching for rainbows 
everywhere and has even captured infrared 
bows on film. 

Despite his obvious love of rainbows it is 
with the optical displays formed by ice- 
crystais that Greenler is most strongly 
associated. As a physicist who has spent 
extended periods in Antarctica and the 
Arctic his fascination with this topic is 
understandable, but it is frustrating to 
realize that many of the sky effects he 
illustrates in this section are seen only 
rarely in more populated regions. This is 
because the huge variety of optical effects 
discussed depend upon the presence of 
simple hexagonal ice-crystals while most of 
us see our ice-crystals as snowflakes. This 
pinpoints the only real criticism that I can 
make of the book: it is not focused on a 
specitic readership. As a meteorologist I 
am frustrated by the fact that the weather 
which, after all, is creating most of these 
effects, is mostly ignored. This is a pity 
because it makes an otherwise outstanding 
book: tricky to use directly in taught 
courses. Despite the fact that the book is 
not intended as a textbook, with little 
additional effort topics could have been 
related to other disciplines. For instance, 
the very thin cirrostratus clouds 


responsible for the 22° halo, itself generally 


considered as a forerunner of stormy 
weather, could also be considered to be a 
sky phenomenon. I can testify to having 
used halo occurrence to convince a non- 
meteorologist that a blue sky could be 
totally cloud-covered. Despite these 
reservations I was drawn on by the 
enthusiasm of the writing. Indeed, I spent 
some time testing the author’s assertion 
that hexagonal ice-crystals have preferred 
orientations in the atmosphere, to the 
extent of spinning and dropping computer 
cards around my office. 

With a flair for detective work which 
Holmes would have envied, Greenler 
considers his computer simulation of the 
famous ‘‘Arcs of Lowitz’’. These 
composed part of the historic sky display 
seen and sketched by Tobias Lowitz in St 
Petersburg in 1790. The accuracy of the 
simulated curves seems remarkable but 
Greenler remained dissatisfied. By 
returning to the written description he has 
demonstrated that the sketch is not a 
“‘snapshot’’ but a composition of a 
number of hours of viewing. This 
revelation solves the outstanding problems 


Evidence of intent 
John Stachel 


The Greatest Power on Earth: The Story of 
Nuclear Fission. By Ronald W. Clark. 
Pp.342. ISBN 0-283-98715-4. (Sidgwick & 
Jackson: 1980.) £8.95. To be published in 
the USA by Harper & Row, $13.95. 


SHORTLY after the accident at Three Mile 
Island, a Japanese journalist visited a 
centre for evacuees from the vicinity of the 
reactor. As startling as the accident itself 
was the fact that a reference to Hiroshima 
drew a blank from those he interviewed; 
none of them recognized the name. Such 
ignorance in itself justifies more books on 
the story of the atomic bomb, which is 
basically the topic of Clark’s book. 

Over two-thirds is devoted to the story, 
from the discovery of atomic fission in late 
1938, through the wartime efforts to 
develop nuclear weapons in Britain, the 
United States, Germany and Russia, up to 
the explosion of the first Russian bomb in 
1949. A 40-page prologue to the book 
attempts a potted history of nuclear 
physics; while the last 40 pages wind up the 
story with brief accounts of the develop- 
ment of the fusion or hydrogen bomb, the 
attempts to use fission as an energy source 
and the growing awareness of radiation 
perils associated with peaceful and military 
uses Of nuclear power. 

The prologue is not too successful. It 
betrays a shaky acquaintance with the 
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which depended upon knowledge of the 
solar zenith angle. 

The final 50 pages are devoted to 
colourful optical phenomena in both 
senses of the word. We are treated to 
pictures, and explanations, of white and 
black clouds in the same scene and then 
yellow, green, blue and red clouds. Such 
comparatively ‘‘every-day’’ sights pale 
before the ‘‘Specter of the Brocken’’. This 
apparition takes the form of a misty giant 
around whose head are a series of brilliant 
halos. Many air travellers have seen the 
same effect, a glory, which simply requires 
the observer to be in direct sunlight with his 
anti-solar point projected onto a cloud. 

In the opening pages of the book the 
author states, ‘I have chosen, knowingly 
to include myself . . . my delight at seeing 
... my excitement in the process of 
discovery’’. Despite my slight unease at 
such an apparently selfish exercise I shall 
use and recommend the text. Like the Pied 
Piper of Hamlin in his rainbow-coloured 
coat, Greenler charmed me into following 
and will, I am sure, similarly entrap other 
readers. It appears that the white rose of 
the house of York was not lost in vain. © 


Ann Henderson-Sellers is a Lecturer in 


Meteorology at the University of Liverpool, 
currently studying global climate at the 
Goddard Institute for Space Studies, New York. 


scientific literature, resulting in numerous 
small errors and confusions. The place- 
ment of emphasis, too, is sometimes 
curious. 

The core of the book demonstrates a 
wide acquaintance with the atomic bomb 
literature, both original documents 
(including some discussed in print for the 
first time) and later memoirs and analyses. 
On the whole, it seems a thorough and 
reliable account, correctly giving greater 
emphasis to work done in Britain than 
many American sources. This portion of 
the book commends itself to those in search 
of a readable, fairly non-technical account 
of the scientific, diplomatic and military 
events leading up to the ‘‘Birth of the 
Bomb’”’ (to use the title of Clark’s previous 
account of Britain’s underrated contri- 
bution to the early phases of the story). 
Those in search of a deeper analysis of the 
potential background to the decision to 
drop the two bombs on Japan are still 
advised to consult Martin Sherwin’s A 
World Destroyed (Knopf, 1975). 

The frequent use of hyperbole is annoy- 
ing: “‘In 1905 Einstein erupted into a sur- 
prised world’’ (elsewhere ‘‘an astounded 
scientific world’’ receives Einstein’s 1905 
relativity paper); Russian nuclear research 
is interrupted in 1941 because ‘‘German 
tanks with muffled treads moved through 
the darkness across the Russian frontier’’, 
and so on. There are also a few curious 
phrases: ‘‘The predominance of Jewish 
nuclear physicists on the Continent — in 
strong contrast to the situation in Britain — 





356 


Nature Vol. 290 23 April 1981 


Aaien anaimani anajn AAAA ANAA AAAA SAAANA e Aana raaa AAE e aannaaien aangaan panana A aaa anaE 


has long been a subject for discussion’; by 
whom one wonders? 

But the more serious problems of the 
book begin with its title. It is basically the 
story of nuclear fission, as its subtitle 
indicates, yet the title clearly refers to 
nuclear fusion — a reference reinforced by 
the exploding hydrogen bomb on the Jacket 
cover. Careful reading of the text makes 
clear the distinction between fission and 
fusion, but hasty readers may be left 
confused. 

More important is the question of the 
distribution of emphasis inherent in the 
structure of the book. Surely, the critical 
element in our current nuclear predicament 
is the combination of the fusion or hydro- 
gen bomb, with its capacity for unlimited 
growth in explosive power, and a missile 
technology capable of accurately placing 
such bombs on target within minutes of 
launching. But no sense of the crucial 
nature of this development emerges from 
the brief concluding section of the book. 
Indeed, what is the moral of Clark’s story? 
He says all the ‘‘right’’ things about the 
perils of nuclear weapons, and dangers of 
nuclear radiation — except for one 
sentence in his concluding paragraph, 
which plays into the hands of those 
currently trying to prepare the public for 
‘‘limited’’ nuclear wars. He says, 


It would be tragic if a limited nuclear exchange, 
halted after each side had experienced the agony 
of one city put to the bomb, were necessary to 
bring men to their senses and to realize, at last, 
that there are no victors in nuclear war. 


Not only would it be tragic (reminding one 
of the man being led to his execution who 
assures the audience that this will certainly 
teach him a lesson!); it is so unrealistic a 
prospect, as Lord Mountbatten came to 
realize, that its contemplation as a 
pedagogical device seems irresponsible. 

Finally, there is the broader question 
raised by the context in which. Clark’s 
account places the story of nuclear 
weapons. Focusing attention in the 
opening sections exclusively on the 
development of nuclear physics fosters the 
all too prevalent view of science and 
technology as independently evolving 
structures, For more direct evidence of this 
outlook, one need look no further than the 
opening sentence of Lord Zuckerman’s 
preface: 


The keystones of our century’s history are those 
scientific and technological advances — radio, 
the internal combustion engine, antibiotics — 
which have determined the pattern of life which 
half the world now leads, and for which the 
other half strives.. .; 


or the opening paragraphs of Clark’s first 
chapter. After evoking the political and 
social turmoil of late 1919, inflation and 
starvation in Central Europe, civil war in 
Russia, soldier’s soviets in Britain, 
American rejection of the League, Clark 
continues: — : 

Yet this record of battery and barricade, which 
added a bloody touch to the first autumn of 


peace, was of infinitely less importance to the 
future of the human race than three events in the 
worlds of astronomy and physics. 


More disturbing than Clark’s particular 

choice of three events (about which more 
could be said) is the very idea of singling out 
some group of scientific and technological 
developments and setting them in 
apposition to the symptoms of vast social, 
economic and political upheavals in 
evaluating their ‘‘importance to the future 
of the human race”. I think the evidence 
exists, in Clark’s book and elsewhere, 
to sustain Raymond Wilhams’ recent 
judgement: 
In the case of nuclear weapons, nothing is more 
evident than that they were consciously sought 
and developed, and have continued to be 
consciously sought and developed. It is true 
that, as so often in modern technological 
innovations, much of the basic research had 
been done for quite other reasons, without 
foreseeing this particular result. But again as in 
many other comparable cases, the crucial 
moment of passage from scientific knowledge to 
technical invention, and then from technical 
invention to a systematic technology, depended 
on conscious selection and investment by an 
existing social order, for known and foreseen 
purposes (New Left Review 124, Nov-Dec. 
1980, p.365). 


Until we grasp this element of intention 
in the process of research and development 
in modern technology, as Williams puts it 
elsewhere, I fear that efforts to organize 
movements to control the uses of that 
technology will be hampered by the feeling 
that such developments really are 
inevitable. And in the case of nuclear 
weapons, | am not certain how much time 


we have left to learn the lesson. El 


John Stachel is Professor of Physics at Boston 
University, currently editing the Einstein papers 
at the Institute for Advanced Study, Princeton. 


More pie in the sky 
Paul Davies 


Gravity, Black Holes, and the Universe. By 
lain Nicolson. Pp.264, ISBN 
0-7153-7849-X /0-470-027111-6. (David & 
Charles/Halsted: 1981.) £10.95, $24.95. 


Books on black holes and the Universe 
range from postdoctoral research treatises 
to the wildest distortions of science fiction 
and the occult. Since the explosion of 
interest in astronomy in general and black 
holes in particular, which began during the 
1960s, the market has been flooded with 
literature on matters cosmic. How can the 
discerning reader tell where to go for both 
reliable and entertaining treatment? 
Having spent many years myself on 
cosmological and astrophysical research, I 
do not envy the task of the professional 
writer who has to attempt to master the 
technical literature of a difficult and 
developing subject, and distil out the 


features that the scientific community 
considers to be well established. Still more 
demanding is the task of grading the 
various conjectural topics, some of which 
can be bizarre, into degrees of seriousness. 

Take one example: travel through a 
black hole. Certain solutions of Einstein’s 
field equations display the weird property 
that they can be continued into regions of 
space and time that are forever inaccessible 
to us unless we fall into a black hole. These 
“other” spacetimes (infinite in number) 
are sometimes called other universes. Do 
they exist? 

In the sense that certain idealized model 
spacetimes admit other universes, then the 
subject is a serious one, and schematic 
representations of these universes appear in 
textbooks and mathematical monographs. 
In spite of this, the models concerned are 
not supposed to apply to the real world, 
because they involve certain simplifications 
(for example, the absence of matter) that 
manifestly fail in reality. The prevailing 
opinion is that a more realistic model 
would not display these other universes, 
and that an observer who falls into a black 
hole will not, after all, emerge in a hitherto 
unknown spacetime, but will crash to 
oblivion in a region of unlimited tidal 
stress. 

A writer may cover his subject 
thoroughly yet still miss such subtleties and 
proclaim that modern physics definitely 
predicts the existence of other universes. 
Certainly a glance at a textbook could give 
that impression. Iain Nicolson is to be 
congratulated that on this, and many other 
contentious and delicate issues, he has not 
only got the facts right, but has conveyed 
the correct degree of scepticism or 
reliability appropriate to each conjectural 
topic. 

There is much more to this book than 
black holes, however. The author takes us 
gently through Kepler’s laws, newtonian 
mechanics and special relativity, before 
getting on to the equivalence principle, 
curved spacetime and the general theory of 
relativity. He also applies his thoughts to 
the expanding Universe, and the intriguing 
topic of its ultimate fate. 

The book is nicely illustrated with line 
drawings and photographs, and has a short 
bibliography. Although certain advanced 
topics, such as quantum aspects of black 
holes, are courageously included (and 
skilfully handled), the book should still 
appeal to general readers having only a 
nodding acquaintance with physics and 
astronomy. 

My initial reaction to this book was to 
wonder where yet another treatment of this 
trendy subject could possibly fit in to an 
already crowded market. The answer is 
that it is one of the few books that 
maintains a reliable scientific perspective 
and a careful treatment, yet covers most 0 
the ‘‘fun’’ topics in detail. G 


Paul Davies is Professor of Theoretical Physics 


at the University of Newcastle upon Tyne. 
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The diversity of physics revealed 


R.H. Dalitz 


Encyclopedia of Physics. Edited by Rita G. 
Lerner and George L. Trigg. Pp.1,157. 
ISBN 0-201-04313-0. (Addison-Wesley: 
1981.) $99.50, £49.50. 


THE publication of a new encyclopaedia of 
physics is an important event. The subject 
is growing rapidly, not only in accuracy of 
measurement and detail of understanding 
but also in scope. A well organized volume 
can quickly bring the reader up to date 
about developments in areas outside his 
own speciality where new viewpoints and 
techniques may have become established, 
and, overall, can significantly speed up the 
progress of physics itself. 

This volume contains about 450 entries, 
some long (18 pages on symbols, units 
and nomenclature; 11 on elementary par- 
ticles) and some short (a few less than a 
column). They range from instrumentation 
(particle accelerators, photomultipliers, 
transistors, thermocouples and so on), 
through classical physics (analytical 
dynamics, thermodynamics, acoustics, 
geomagnetism etc.), to quantum physics 
(liquid helium, atomic spectroscopy, 
nuclear structure, Josephson effect and so 
on). The articles are all by well-known 
physicists. They show great diversity in 
both objective and style, and there is 
considerable overlap between them. 

How well will this new encyclopaedia 
meet our needs? Many of the major entries 
are really excellent — for example those on 
elementary particles, liquid crystals, vision 
and colour, and non-equilibrium thermo- 
dynamics, to mention just several. For 
greatest effectiveness, each major article 
Should really provide a substantial 
reference list, but not all do. That on 
nuclear reactions, two pages long, provides 
an excellent classification of work in this 
subject but gives only one reference, 
whereas other articles, such as those on 
electronics, the Hubble effect, and 
relativity (special theory), give a wide range 
of graded references; perhaps this is over- 
done for solar energy, with one and a half 
pages of references for a six-page entry. 

With a variety of viewpoints of the con- 
tributors, the multiple coverage could be a 
strength, but some consolidation would 
have obvious advantages. To give one 
illustration, the entries for baryons, 
hadrons, hyperons, and mesons, each 
about a page in length, could usefully have 
been combined into a four page article on 
hadrons, the other three entries each being 
reduced to one line, cross-referenced to 
hadrons. In addition, the coverage of 
different topics is not always in proportion 
to their relative importance. For example, 
the rather detailed contribution on weak 
neutral currents is given five pages, without 
any corresponding counterpart for weak 
charged currents. Also turbulence, one of 
the least understood areas of physics, 


receives only one and a half pages. 

Many of the articles read strangely for a 
newly published book, as if one is recalling 
a past time, some four or five years ago. 
For instance, quantum chromodynamics, 
our deepest and most promising theory of 
elementary particles, receives only one 
paragraph in each of the contributions on 
elementary particles, quantum electro- 
dynamics, and unified field theory, despite 
the fact that it has provided an underlying 
basis for most of the theoretical work in 
elementary particle and high-energy 
physics over the past three years. The 
editors of an encyclopaedia face great 
difficulties, of course, but in this case they 
might have noted that a few of the articles 
called for some revision at the last moment. 

The operational test of a reference book 
of this sort is whether information can be 
located rapidly. For this, the general index 
serves fairly well. I found that Higgs 
mechanism, radiocarbon dating, and 


This is psychology? 
John C. Marshall 


Mindwatching. By H. and M. Eysenck. 
Pp.224. ISBN 0-7181-1937-1. (Michael 
Joseph: 1981.) £10.50. To be published in 
the USA by Doubleday. 


THERE’S an old joke about how to select 
candidates for admission to psychology 
courses. The hapless individuals are asked 
the simple question ‘“Why do you want to 
study psychology?” Those who reply 
“*Because I want to understand people’’ are 
advised to read history or English 
literature; those who reply ‘‘Because I want 
to help people” are told to train as 
surgeons, farmers, garbage collectors or 
tax lawyers. Any other response secures 
admission to the psychology department. 
Hans and Michael Eysenck would, I 
presume, disapprove. For them, the goal of 
professional psychologists is ‘‘to under- 
stand why people behave as they do, so that 
it will be possible to predict and change 
their behaviour’’; this goal is to be achieved 
by controlled experimentation, the results 
of which are sometimes counterintuitive 
and thus undermine the sceptic’s claim that 
my grandmother knew as much 
“psychology” as it is possible (or wise) for 
any mere mortal to comprehend. The 
Eysencks have accordingly produced this 
coffee-table volume in which the purported 
achievements, theoretical and practical, of 
experimental psychology are laid out for 
interested bystanders. Two questions 
therefore arise: First, to what extent are we 
presented with a fair summary of modern 
psychology? Second, are the social impli- 
cations of current work outlined in a 


Peierls stress were in the index, as was 
Umklapp process, although with reference 
to p.732 where only articles on partial 
waves and partons are to be found. There is 
no entry for current algebra but the article 
on currents in particle theory is indexed 
nearby and led me to my goal. However 
there is no entry for Thomas precession, 
nor for photon multiplier, nor even for the 
Wigner—Eisenbud theory of the R-matrix 
and its application to resonance processes. 

This encyclopaedia has a great deal to 
offer to scientists and engineers in general, 
as well as physicists, The underlying plan is 
sound and the articles generally authori- 
tative. With so many first-rate con- 
tributions, it should have an assured place 
in all science libraries. It could be sub- 
stantially improved, in my opinion, but, as 
things stand, it is the best compilation of i its 
type available for physics today. E 


R.H. Dalitz is Royal Society Research Professor 
in Theoretical Physics at Oxford University. 


responsible fashion? 

The authors employ the stylistic device of 
describing in each chapter a so-called ‘‘key 
experiment’’, supplemented by anecdote 
and speculation. This is not in itself a bad 
strategy but it does lead the Eysencks into 
letting vaudeville prevail over rationality. 
For example, a section on ‘‘Attractiveness 
and jury decision-making”’ is introduced 
by the story of a famous nineteenth- 
century trial in which a woman accused of 
poisoning her lover was somewhat lucky to 
obtain a verdict of ‘‘not proven’’. The 
Eysencks speculate that since the 
defendant was ‘‘young, vivacious, and 
beautiful’’, these attributes may have 
influenced the jury and ‘‘helped to save her 
from the gallows”. An experiment is then 
described in which mock juries who con- 
sider hypothetical cases of a relatively 
minor nature do indeed seem to be swayed 
a little by the physical attractiveness of the 
mock defendants. But the section then 
concludes with the claim that ‘‘most of the 
available research suggests that physical 
attractiveness has little or no effect on 
juries when serious crimes are involved’’. | 
can only make sense of this information by 
assuming the Eysencks believe that mur-, 
dering one’s lover is not a serious crime. 

On other occasions the authors are 
unable to resist the temptation of a 
spectacular but fatally flawed study. They 
thus feature Rosenham’s report in which a 
group of normal people were admitted to 
mental hospitals after falsely complaining 
that they heard voices and asking to be 
admitted. Following an average stay of 19 
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days the pseudo-patients were discharged 
with a diagnosis of ‘‘schizophrenia in 
remission”. On the basis of this and a 
number of related pranks, Rosenham con- 
cluded that “E is clear that we cannot 
distinguish the sane from the insane in 
psychiatric hospitals’’. Very amusing, no 
doubt, but normal people who are not in 
the pay of psychologists either don’t hear 
voices or, if they do, are not sufficiently 
worried by it to seek admission to hospital. 
The Eysencks themselves quote Seymour 
Kety’s withering comment — “If I were to 
drink a quart of blood and, concealing 
what I had done, come to the emergency 
room of any hospital vomiting blood, the 
behaviour of the staff would be quite pre- 
dictable. If they labelled and treated me as 
having a bleeding peptic ulcer, I doubt that 
I could argue convincingly that medical 
science does not know how to diagnose that 
condition’? — but they are not thereby 
inhibited from describing Rosenham’s jest 
as a ‘‘key experiment’’. 

Not all of the selections are as silly as 
Rosenham’s study. The book contains 
quite sensible sections on eye-witness 
testimony, divided attention and for- 
getting. Similarly, the chapter on attempts 
to teach sign language to chimpanzees is an 
improvement on many popular treatments 
of the topic. But these islands of sanity are 
lost in the surrounding sludge of trivia and 
titillation. What can one say of a book 
which proclaims that psychology should 
“be regarded as the most important of all 
the sciences” and then reports that ‘‘Small 
breasts were preferred by men with funda- 
mentalist religious beliefs suffering from 
mild depression’’? 


There is little improvement when the 
Eysencks draw out the practical impli- 
cations of their choice of topics. We are 
informed that a process of conditioning 
can turn our children into ‘‘well- 
integrated, honest members of society” 
and referred to Chapter 6 for the experi- 
mental evidence that this is so. Chapter 6, 
however, reports that obsessive and com- 
pulsive disorders can be treated by 
“behaviour therapy’. In Chapter 22, a 
discussion of Hans Eysenck’s ‘‘theory”’ of 
personality is held to support the claim that 
“The egalitarian principle underlying 
socialism is in conflict with biological 
reality and can only be enforced by 
dictatorship’. Exactly how this conclusion 
is reached remains shrouded in mystery. 
An appallingly ill-controlled 
‘experiment’ on the effects of two types 
of play-group prefaces the remark that 
‘the advocates of progressive teaching. . . 
have turned our pre-school groups, kinder- 
gartens and primary schools into 
permissive places of no work and all play, 
from which all socializing and restraining 
influences have been banned’’. 

One can only hope that this grubby little 
opus will sink without trace. It totally fails 
to represent those aspects of psychology 
where results of some intellectual depth 
have been obtained in the study of 
perception, language and skilled action; it 
similarly ignores many areas of 
occupational, clinical and educational 
research where careful, thoughtful work 
has served to enhance the quality of life. © 
John €. Marshall is in the Neuropsychology 


Unit, part of the Neuroscience Group at the 
Radcliffe Infirmary, Oxford. 


Find the (North American) bird 


Clayton M. White 


The Audubon Society Encyclopedia of 
North American Birds. By John K. Terres. 
Pp.:,109. ISBN 0-3944-6651-9. (Knopf: 
1980.) $60 US only. 


IN 1896 Professor Alfred Newton 
published his Dictionary of Birds. Thus a 
mould was cast. But it took another 68 
years, until 1964, through the British 
Ornithologists’ Union and under the 
editorship of A. Landsborough Thomson, 
for another such work to appear: A New 
Dictionary of Birds. Now, only 16 years 
later, another giant encyclopaedia is on the 
market. To me, this current volume 
appears to be an attempt to update a con- 
siderable body of material from the now 
elusive New Dictionary. Its scope, how- 
ever, is mainly restricted to North America. 

The book is designed to be a single- 
volume work for both layman and 
professional, but I suspect the lay will 
benefit most. There are nearly 6,000 
alphabetically arranged entries and cross 
references, illustrated with 875 full-colour 





photographs of bird species and over 800 
black-and-white drawings. The scope of 
the entries is impressive: Birdhouse, Bird 
Lice, Birds as Collectors, Birds as 
Watchdogs, Bird Skin, Bird-Watcher, 
Bisexuality, Bittern, Blackburne, among 
the ‘‘B’s’’ for example. Abbreviated life 
histories of 847 birds are provided. For 
each species are given a description of the 
Latin or Greek origin of the scientific name 
(a most valuable feature), the bird’s 
geographical range, colour and distinctive 
morphological features, habitat, feeding 
habits, other names, nest, eggs, and other 
features of interest (such as who parasitizes 
whom). Terres cites over 4,000 references, 
ranging in date from the turn of the 1800s 
to 1980, all of which are listed in a 
bibliography. The bulk of several 
alphabetical sections is taken up by species 
accounts. The taxonomic treatment is 
fairly current by both European and 
American standards, at least in common 
names, but is more conservative and departs 
somewhat from the nomenclature of Peter’s 
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Check-list of Birds of the World. For 
example, Terres leaves the titmouse family 
intact and includes the long-tailed tits 
(Aegithalinae) and penduline tits (Remizinae) 
as subfamilies rather than treating them as 
distinct families as has been recently 
practised. On the other hand, the thrushes 
are retained in their own family, Turdidae, 
and there is no mention of their current 
placement as a subfamily in the Old World 
flycatcher family, Muscicapidae. 

While the book has many virtues it falls 
short of the stated goal of providing 
information on all the birds that have 
nested or been sighted in Alaska, Canada, 
Greenland, Bermuda, Baja California and 
the 48 contiguous states of the USA. 
Omissions are conspicuous, for example, 
in the Alaskan avifauna. While the 1978 
update of the status of Alaskan birds is 
referenced in numerous places, and 1980 
Alaskan references are also given, it is 
annoying that no less than 22 Alaskan 
species given in the 1978 publication are 
ignored. For instance, while the willow 
warbler (an Old World warbler) is 
discussed, nothing is said about its North 
American status. Only its Eurasian 
distribution is mentioned, so readers are 
not aware that it has occurred as an 
accidental in Alaska. 

Another flaw is that the book’s 
attractiveness is compromised by lumping 
colour plates together in sections. For 


example, located in the middle of the 


thrush family species accounts are 31 pages 
of colour plates of tanagers, thrush family, 
titmouse family, trogon, tropicbirds, 
troupial (American blackbird) family, 
turkey, vireo family and New World 
vultures and condors — rather a potpourri 
even though they are in alphabetical order. 
As with most undertakings of this 
magnitude other errors, mainly of editorial 
style, creep in. Under ‘‘Fecal Sac’’ we are 
referred to ‘‘Nests and Nestlings’’ but there 
is nothing on the sac there. A second 
reference under ‘‘Fecal Sac’’ is “Nest 
Sanitation” which is there, but under that 
title we are referred further to ‘‘Young and 
Their Care’’ which contains a discussion of 
nest sanitation and fecal sacs. Further 
minor inconsistencies are the listing of 
“Courtship”? with sub-topics such as 
courtship rituals but not courtship feeding. 
This latter appears as a completely separate 
topic followed by ‘Courtship Flight”, 
which then only refers the reader back 
again to ‘‘Courtship’’ and ‘‘Flight’’. 
Despite my less-than-total enthusiasm 
with the Encyclopedia, on balance Terres 
has done a remarkable job in producing a 
scientifically accurate tome relatively free 
of typographical errors. With over 7 
million bird-watchers in the US alone (as of 
1970), of which at least 3 million were 
considered to be seriously interested in 
field ornithology, there should be a rec- 
eptive audience to savour this book. E 


amapang 


Clayton M. White is a Professor of Zoology at 
Brigham Young University, Provo, Utah. 
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Localization and electronic properties 
in amorphous semiconductors 


J. Mort 


Xerox Webster Research Center, Webster, New York 14580, USA 


J. Knights 


Xerox Palo Alto Research Center, Palo Alto, California 94304, USA 
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The transport and photogeneration of different classes of amorphous semiconductors are considered. 
These properties are affected by localization associated with long-range disorder and defects which in 
turn reflect the underlying chemical nature of each class. 


PRESENT interest in the electronic properties of amorphous 
semiconductors is the result of several related factors. The 
demonstration’’ that amorphous Si, (a-Si), like the crystalline 
form, can be doped to form either a n or p extrinsic semicon- 
ductor suggested new ways of using amorphous materials as 
electronic materials. ”™* Other classes of amorphous solids than 
this tetrahedral material, have been extensively studied in recent 
years, including chalcogenides such as amorphous selenium 
(a-Se), amorphous arsenic triselenide, (a-As,Se3) and amor- 
phous molecular or organic solids’’’. It is now clear that 
although amorphous solids have certain characteristic features 
in common, there are also distinctive differences. Our purpose 
here is to compare and contrast the electronic properties of these 
three groups of amorphous solids—the chalcogenides, the 
tetrahedrally bonded materials and molecular systems. 

The most obvious consequence of disorder in amorphous 
solids is that intrinsic localized states exist within the energy gap. 
The experimental and theoretical problems of understanding 
the effect of disorder on the photoelectronic properties of solids 
are considerable, but much progress has been made in the past 
decade in three directions. Light has been thrown on the origin 
and nature of localized states, and their relationship with the 
specific chemical nature and the bonding of the constituent 
building-blocks. The mechanism of charge transport and pho- 
togeneration has been partially understood; quantitative stu- 
dies of the consequences of doping have begun. In what follows, 
these three areas will be discussed for the three general classes of 
amorphous solids. 


Nature of localized states 


In the development of crystalline semiconductors, major 
conceptual advances such as the understanding of band-gaps 
arose from the recognition of the long-range periodicity and 
symmetrical arrangement of the atomic building blocks— 
intrinsic features which are essentially independent of the 
method of preparation. Most technical applications of crystal- 
line semiconductors and their associated physics are, however, 
connected with deviations from idealized order. The localized 
states within the band-gap produced by defects, impurities, 
surfaces and interfaces control many properties, particularly 
those involving carrier transport and generation—recombination 
processes: such perturbations are strongly influenced by both 
the method of preparation and subsequent treatment. 
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Viewed in this way amorphous semiconductors exhibit 
remarkably similar features. The existence of band gaps in the 
absence of long-range periodicity has a firm theoretical basis in 
tight-binding approaches. It has been predicted’’”’, *? based on 
Anderson’s work on localization’’, that even in the absence of 
defects the potentials fluctuating because of the disorder would 
result in localized tail states at the conduction and valence band 
edges. Figure 1 shows that the density of states distribution in an 
amorphous solid can be divided into three regions. For energies 
greater than £. and less than g, electronic states are extended or 
band-like in character. For energies close to these values, the 
scattering length of the electron wave function. approaches | 
interatomic distances, Conduction then occurs as a Brownian 
diffusive motion with estimated mobilities between’ 1 and. 








1.6 


Ec -e(ev) 


Fig. 1 Density-of-state distributions for a-Si specimens. a, Glow 

discharge specimen, Ta = 520 K; b, glow discharge specimen, Ty = 

350 K; c, evaporated specimen. The solid lines indicate results 

obtained from field-effect experiments and the arrow on each curve 

shows the position of the Fermi level. E, extended states, T, tail 
states; G, gap states. (After ref. 15.) 
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Fig.2 Concentration dependence of the drift velocity of holes in a 

mixed doped polymer showing the tra 2o hopping 

process. NIPC concentrations: O, 1x10 @, 0; =, 2x 

107°cm™*. The points correspond to aoe with varying 

concentrations of TPA, which has a lower ionization potential than 
NIPC. (After ref. 25.) 


10cm? V s™ (ref. 14). Just below e, and above e, there exist the 
tail states due to Anderson localization that are associated 
with satisfied but distorted bonds. Anderson localization 
begins when U,/J (where Us is the range of site energy 
disorder and J is the transfer integral between nearest neigh- 
bours) exceeds a critical value at which an electron at a given site 
at temperature T = 0 becomes localized, that is, it can no longer 
diffuse away. Defects arising from incomplete or dangling bonds 
or impurities give rise to the deep lying gap states. As in the 
crystalline case, the nature and density of these states depend on 
conditions of preparation and treatment. 

The determination of detailed density of state distributions 
has proved difficult. In the case of amorphous Si some informa- 
tion has come from studies of the field-effect’” as shown in Fig. 1. 
Although quantitative details and the relative contributions of 
surface and bulk states are uncertain, the general features are 
consistent with independent studies of conductivity, ther- 
mopower and drift mobility. The distribution and number of 
localized states in a-Si:H prepared by glow discharge of silane 
may be controlled by the preparation conditions (Fig. 1). This is 
partly because hydrogen satisfies dangling silicon bonds at 
defects in the extended amorphous network. Many of the asso- 
ciated electronic defect states are thereby removed from the 
forbidden gap, which suggested that impurity doping above the 
residual levels might be possible’. 

These features are general and may be applied to the 
covalently bonded chalcogenides. However, all efforts to 
observe a significant field-effect have failed'*. This is surpris- 
ing’’ because the efficiency of amorphous Se in electrophoto- 
graphy indicates a substantial carrier range of ~ 50 ym, which 
implies gap state densities ~ 10'* cm™*. Recent intrinsic defect 
models for gap states, which take account of the specific atomic 
bonding of chalcogen atoms coupled with the law of mass action, 
may resolve this conflict'*’°. The valence alternation pair 
defects (VAPS) lead to a thermodynamic equilibrium of D` and 
D” states, which effectively make the Fermi level independent of 
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the actual density of the state; in other words the Fermi level 
cannot be moved relative to the bands either by an applied field 
as in the field effect experiment or doping. 

In disordered molecular solids, the building blocks are mole- 
cules. Even in molecular crystals the weak Van der Waal’s forces 
between molecules lead at best to very narrow energy bands. In 
this case, the disorder, associated with pendant group polymers 
such as poly(N-vinylcarbazole) or molecularly-doped polymers 
means that extended states cannot be involved. Such systems, 
particularly molecularly-doped polymers, therefore must 
consist of purely localized states which are associated with the 
dopant molecules’, in this way they are almost ideal for studying 
phenomena associated with localized states. 


Electronic transport 


The most unambiguous information on electronic transport in 
amorphous materials has come from measurements of the drift 
mobility by the time-of-flight technique. In this method the 
time, fr, for a sharply defined spatially and temporally photoex- 
cited charge sheet to cross a sample of known thickness L, with 
an applied bias field E, is measured. Because y= L/wE, the 
carrier mobility u can be directly determined. Table 1 gives 
typical values of the drift mobilities for both electrons and holes 
in representative amorphous materials. In all cases the mobili- 
ties are unity or less and are thermally activated. There are 
various explanations for the nature of this electronic transport. 
No conduction can occur in the localized tail and gap states at 
T=0. At finite temperatures, however, thermally activated 
hopping transport between localized states can occur and the 
mobility «(e) at an energy £ can be written’ 


R*(e) 


Le oe 
g aT Yen exP(—2aR) exp(~ W/kT) (D) 


ule) 


where R is the average distance between sites at energy € 
and is determined by the density-of-state distribution. The term 
exp(-—2aR) describes the overlap of the wave functions on 
neighbouring hopping sites and a~* is a measure of the spatial 
decay of the wave function””’; vpn exp(— W/kT) represents the 
probability that the localized carrier hops to a site with energy 
higher by W. This transport mechanism solely controlled by 
hopping from one localized state to another should be observed 
in amorphous materials. However, before doping studies proved 
possible, this mechanism could only be deduced with some 
ambiguity from the combined observation of low mobility values 
and thermal activation as these features are also characteristic of 
transport involving extended state transport modulated by 
trapping in energetically shallow traps”’. 

Direct observation of pure hopping between localized states 
became possible with the advent of molecularly-doped poly- 
mers’’. These are otherwise electrically-inert polymers into 
which molecules can be dispersed at high controllable concen- 
trations <10°'cm™* and constitute a random ensemble of 
molecules which have essentially no mutual interaction. As a 
result they consist of pure localized states without the compli- 
cation (and advantage) of extended states. Measurements of the 
effective mobility by the time-of-flight technique as a function of 


Table 1 Representative hole (electron) drift mobilities at room 
temperature for examples of different types of amorphous materials 


, Ke 
(em? V s7?) 


a: Se (5 —8)x 107 0.11-0.19 
a: As2Se3 oe ~107> 
a-Si:H 0.1 5x10 
PVK i <10 


See refs 2, 8, 27. 
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Fig.3 a, Hole transit pulse in a-As,Se, showing current (J) versus 
time ty in linear scales. The transit time tr deduced from b is 
` indicated. b, Hole transit pulses in a-AszSe; in logarthmic scales. 
The middle trace is the same pulse shown in a. The sharp change in 
slope occurs when the leading edge of the charge sheet has tran- 
sited the sample. This transit time fry is defined by the point of 
intersection of the extrapolated linear parts of the trace. The 
upper and lower current show the shift in ftr as the field E is 
changed. 


the average Pede separation R have been made for the 
transport of holes in polycarbonate films (Lexan) doped with a 
mo cule tri-p-tolylamine (TTA). The highest mobility k 
~10™ cm? V's” giving a value of a™™~1.1 A (ref. 22). A 
similar transport study has been reported for a-Si: H which was 
doped with phosphorus (donor) impurities and compensating 
boron (acceptor) impurities to produce samples with various 
concentrations of compensated and therefore unoccupied donor 
states. By contrast hopping between such donor states yields 
values of a~' ~22 A (ref. 23). | 

The difference in localization parameter a~' shows that 
compared with covalent amorphous solids charge in amorphous 
molecular solids is highly localized. This reflects the consider- 
able internal structure of a molecular localized state, with 
intramolecular vibrational modes so that strong electron- 
phonon coupling can result in small polarons”*. These features 
lead to the exceptionally low mobilities found in these 
systems. 

A transport process in molecularly-doped polymers which is 
also expected to occur in amorphous solids is trap-controlled 
hopping. In this mechanism a carrier can temporarily reside, 
between hops, in a trap, thus reducing the average drift mobility 
and introducing an additional activation energy due to trap 
depth. Figure 2 shows the results of trap hopping by admixtures 
of different molecules in a polymer matrix. These experiments” 
use controlled small quantities of a molecule, triphenylamine 
(TPA), with a lower ionization potential than a second molecule 
N-isopropylcarbazole (NIPC) present in very high concen- 
trations. The holes normally propagate by hopping between the 
closely spaced NIPC molecules, but the introduction of TPA 
results in the trapping of a hole and its temporary removal from 
the transport channel. As the concentration of TPA and number 
of trapping events rises, the average carrier velocity falls. A 
concentration of TPA is ultimately reached at which (because of 
sufficient overlap between TPA molecules) TPA becomes an 
alternative and preferred transport channel, so the carrier velo- 
city rises again. 





-i 








Despite detailed studies of mobilities in the chalcogenide — 
glasses the transport mechanism is not as clear’ , although there 
is fairly strong evidence for trap-controlled extended ‘state 
motion in a-Se, and trap-controlled hopping in a-As,Se5. An 
idealized current transit pulse should be rectangular in shape in 
the time-of-flight technique. Actual transit pulses in amorphous 
solids rarely have this character (an exception being amorphous 
Se at room temperature’ `) and in some cases give no direct 
indication of transit time”. This dispersive transport has been 
observed in all three groups of amorphous solids. This general 
phenomenon can be explained by the theory of transport in - 
disordered systems and occurs because of a broad distribution of 
transition probabilities between sites due to the inequivalence of 
site energies within the disordered solid**. This model predicts 
that a logarithmic plot of transit current versus time should alter 
when the leading edge of the charge sheet completes its transit, . 
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Fig. 4 a, Dissociation of bound electron hole pair. r, is the 
distance at which this Coulomb binding energy is comparable with 
kT. Excess energy of the carrier from the excitation is lost by 
thermalization processes which occurs at a thermalization length 
ro. b, Solid lines are the quantum efficiencies predicted by the 
Onsager theory for Po=1 and the dielectric constant of a-Se 
{e = 6.0) for the thermalization distances ro indicated. The circles 
and crosses show the experimental quantum efficiency for the 
photoinjection of holes in a-Se versus applied field for different 
exciting wavelengths. Included are data for films of two different 
thickness: @, O, L = 44.0 um; x, L = 3.4 wm. (After ref. 30.) 
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Tabie 2 Amorphous materials are different and may be categorized 
according to how the conductivity (o = ney) is affected by doping 


Molecularly doped 


Chalcogenides Tetrahedral polymers 


g, relatively weak g strong dependence o strong dependence 
dependence 
Aq related to Au 


(Fermi level immobile) 


Aad related to An Ae related to An and 
(Fermi level moves) Au 





An example of such dispersive transits in a-As2Se, are shown in 
Fig. 3. In Fig. 3a a transit signal, showing the photoinduced 
transient current versus time in linear scales, is essentially 
featureless. The same transit signal in Fig. 3b is displayed with 
logarithmic current and time scales. The predicted change in 
slope when the leading carriers have transited the sample is 
indicated at tr which shifts to shorter times at higher fields, E. 
The concept of mobility now loses its meaning as no average 
velocity of the charge packet is definable, and the predicted 
thickness-dependent mobilities have been observed. This type 
of dispersive phenomena appears in recombination processes, 
time dependent luminescent decay and trapping”. 
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Fig. § a, Room-temperature conductivity og; of n and p-type 
amorphous Si specimens as a function of the gaseous impurity 
ratio. For the right-hand curve, this is the number of phosphine to 
silane molecules in the gas mixture used for specimen preparation. 
On the left it is the corresponding diborane to silane ratio. The 
centre refers to undoped specimens. (After ref. 1.) b, log-log plot of 
transit time and resistivity p versus concentration N of: ©, @, Ni; *, 
Mn; 0, W, Cu doped a-As.Se3. (After ref. 37.) 
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Fig.6 a, Chemical control of conductivity in a molecularly-doped 
inert polymer matrix. Fractional oxidation of neutral transport 
molecules T is achieved by controlled addition of an oxidizing 
agent SbCli,. The oxidized transport molecules are radical cations 

which constitute free carriers. Progressive oxidation of the 
neutral molecules leads to increasing free carrier concentrations at 
the expense of the neutral molecules necessary for the transport 
mechanism. b, Dependence of conductivity on concentration of 
oxidized transport molecules N,. The molecule tri-p-tolylamine 
(TTA) is dispersed in Lexan” P The total molecule 
concentrations were: UO, 8 ya 107° A, 7.2% 107° cm; O, 

0.86 x 107° cm”. ae ref, 40.) 


Photogeneration 


Photogeneration is a critical process in any photoelectronic 
material. The way in which absorbed photons produce pho- 
togenerated carriers is affected by disorder within the material. 
Geminate recombination is likely to be a limiting step in the 
photogeneration process in materials where the mean free paths 
of photoexcited carriers are characteristically low*°—a natural 
condition of amorphous materials. Figure 4a illustrates this 
photogeneration process whereby the initial photoexcitation 
leads to electron-hole pairs, which diffuse within their mutual 
Coulomb well. There is a finite probability, which decreases with 
applied field, that the pair will combine at the initial excitation 
site rather than dissociate into a free electron and a hole. Three 
critical parameters are; ®,, the efficiency of production of 
thermalized electron-hole pairs per absorbed photon; ro, a 
characteristic thermalization length (related to the mean free 
path); and re the coulomb radius or the distance at which the 
coulomb energy ~ kT. Precise measurements?’ for a-Se indicate 
D, (the maximum possible quantum efficiency) is unity and there 
is evidence that this also applies to a-Si (refs 31, 42) and 
a-As,Se; (ref. 32). For disordered organic systems, however, Pp 
can be ~0.1 or even smaller. This reflects the existence of 
intramolecular relaxation processes, radiative or non-radiative, 
which compete with the Photogeneration or dissociation of the 
photoexcited molecule” . Figure 4b shows a treatment of this 
problem due to Onsager™ for a material with @,= 1 and the 
dielectric constant of a-Se (e = 6.0). The various curves are for 
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different assumed values of ro. For a given value of rọ the 
quantum efficiency remains field independent up to 
~10°Vcm™ after which it becomes field dependent and 
approaches unity in a sufficiently high field. As ro increases the 
initial or zero field quantum efficiency increases and the 
subsequent field dependence decreases. Where a curve for a 
particular value of ro lies on the absolute quantum efficiency axis 
depends on the coulomb radius of the material which is deter- 
mined by the dielectric constant. Typical coulomb radii are 
~49 A for a-Si, ~100 A for a-Se and ~250 A for most organics, 
this would indicate descending order for the photogeneration 
efficiency for comparable values of rẹ and Dp. 

Experimental data for a-Se shown in Fig. 4b explain the 
macroscopic observation that a-Se is more panchromatic in 
absorption than in photosensitivity*’. This arises because ro 
being wavelength dependent ranges from 70 A at a wavelength 
4,000 A to 10 A at a wavelength of 6,000 A. Recent evidence 
shows that photogeneration in a-Si: H and a-As,Se,; may also be 
geminate”'”*, Unlike the case of a-Se, however, ro has at most a 
very weak wavelength dependence. A field-dependent quantum 
efficiency has implications for ultimate solar cell conversion 
efficiencies, this is because of the spatial field distribution within 
the barrier of Schottky or p-n cells which, with the absorption 
profile of the light, leads to photons being absorbed in a range of 
fields and effectively leads to a spatial distribution of quantum 
efficiencies". 


Doping of a-semiconductors 


One of the most important advances in the field of amorphous 
materials has been the demonstration that n or p type a-Si:H 
and a-Ge: H could be produced by appropriate doping; there is 
no evidence that this applies to chalcogenides, although it is 
possible in a-C:H (ref. 36). It seems possible to group amor- 
phous materials according to the way in which doping affects 
their electrical conductivity a, as indicated in Table 2. Detailed 
studies of doping in amorphous Si and, to a lesser degree, in 
a-carbon indicate that a is strongly dependent on doping. 
Conductivity, thermopower and drift mobility measurements 
demonstrate that this is associated with a shift in the Fermi level 
which affects both the type and density of carriers controlling the 
conductivity (see Fig. $a)*. On the other hand, relatively small 
changes in the transport occur, except for special cases such as 
inter-donor hopping in compensated samples. By contrast, 
extensive doping studies of chalcongenides, for doping levels 
well below the alloy range, do not result in significant movement 
of the Fermi level or change in conductivity’. However, 
substantial and systematic changes in the drift mobility of holes 
have been reported in a-As,Se3. Because the drift mobility can 
be the microscopic mobility modified by trapping, the fact that 
these changes in the drift mobility are not reflected in the 
conductivity (see Fig. 5b) indicates that the impurities are 
changing the density of traps which controls the mobility*’. This 
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insensitivity of the position of the Fermi level in chalcogenides to 
doping is consistent with the absence of a field effect and with 
other defect models'**? based on valence alternation pair 
defects, D* and D7, which are positively and negatively charged 
defects whose creation is governed by the law of mass action. 
Such defects produced under thermal equilibrium effectively pin 
the Fermi level. It is possible that doping of chalcogenides in 
non-equilibrium conditions could result in an unpinning of the 
Fermi level and production of extrinsic semiconductors. 
Whether this can be done in a stable manner is unclear. 

Recent studies confirm that the densities of defects can be 
affected by heating’®. Thus photoelectronic properties of chal- 
cogenides immediately after preparation are dependent on 
thermal history. Characteristic equilibrium behaviour, 
independent of the method of preparation is, however, achieved 
after annealing’’*’. The latter are consistent with Spear’s 
observation that the most remarkable feature of chalcogenides 
is the reproducibility of their mobility values, a feature probably 
unmatched by even the best crystalline semiconductors’*. This 
then, seems to be related to the ability of chalcogenide glasses to 
self-anneal defects efficiently. 

In the disordered organic materials, doping is accomplished 
by the controlled chemical oxidation of some of the dopant 
molecules“. These radical cations are the equivalent of ‘free’ 
carriers because electrons can hop from neighbouring neutral 
molecules and thereby the ‘free’ hole propagates (see Fig. 6a). 
Thus at low oxidation levels the conductivity rises as the ‘free’- 
carrier concentration rises. However, because no extended 
states exist and free carriers are highly localized and associated 
with specific molecules, such free carriers are created at the 
expense of transport paths. In the extreme case, where the total 
oxidation has occurred, none of the neutral molecules necessary 
for the transport process remain and the conductivity must go 
through a maximum as indicated in Fig. 6b (ref. 40). It is possible 
to produce films containing ~ 107° cationscm™* which form 
what Mott has termed a degenerate polaron gas*’. In this case, 
therefore, the conductivity is controlled by changes in both free 
carrier concentrations and mobility where these are not 
independent. 


Conclusions 


We have outlined the transport and photogeneration properties 
in three general groups of amorphous materials which make up 
most of materials known as amorphous semiconductors. In 
particular the different effects of localization of electronic 
wavefunctions due to long range disorder and those due to 
defects have been considered. The picture that emerges is that 
although features characteristic of the disordered state do exist, 
amorphous materials exhibit a rich diversity of behaviour which 
reflects their underlying chemical composition. In this sense the 
similarities between disordered and crystalline solids are closer 
than was originally perceived. 
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Statistical techniques are applied to asteroid orbitai data in an attempt to define the characteristics of the Kirkwood gaps in 
the distribution of the asteroids. A significant tendency is found for the eccentricities and inclinations of asteroid orbits to 
increase away from the gaps. These effects are observed throughout the distribution of main-belt asteroids. They are not 
merely confined to the immediate vicinities of the resonances and are not caused by observational selection effects. There ts 
no evidence that the magnitude-frequency distribution of the asteroids changes near the gaps. Evidence is given for the 
existence of gaps in Hirayama families, possibly of a different nature from the classical Kirkwood gaps at locations 
corresponding to high order commensurabilities with Jupiter. These results support the theory that the Kirkwood gaps were 


formed by gravitational processes acting on individual asteroids throughout their lifetimes. 


O a ee 


ALTHOUGH gaps in the distribution of the asteroid population 
are generally accepted to be associated with resonances with 
Jupiter’, the exact mechanism which produces the gaps remains 
in dispute. The four major hypotheses” proposed to explain 
these Kirkwood gaps’ are: (1) the statistical hypothesis (the 
proposal that asteroids are librating about the gaps and are 
therefore only rarely seen crossing the exact resonances), (2) the 
gravitational hypothesis (the gaps are formed by purely gravita- 
tional interactions with Jupiter), (3) the collisional hypothesis 
(the gravitational effects of Jupiter increase collision rates within 
the gaps, causing a wearing down or removal of material) and (4) 
the cosmogonic hypothesis (the gaps represent regions where 
asteroids failed to form during the early history of the Solar 
System). Although there are problems associated with each 
hypothesis, recent work?” has provided convincing evidence 
against the statistical hypothesis. It is important, therefore, to 
recognize which properties of the Kirkwood gaps could help to 
distinguish between the gravitational, collisional and cosmo- 
gonic hypotheses. Little work has been carried out in this field 
partly because of the failure to apply established statistical 
methods to the wealth of data available. 


Resonance 


The integral with respect to time of the expansion of the 
disturbing function for the gravitational interaction between two 
bodies (see, for example, ref. 7) contains divisors which become 
small when the ratio of the mean motions is close to a simple 
fraction of the form p/(p +q), where p and q are integers. Such 
locations in the asteroid belt correspond to resonances with 
Jupiter and q is called the order of the resonance. The strength 
of 2 given resonance depends on several factors which include 
the distance between the bodies and the value of q: a large value 
of q implies a weak resonance. In the present study, we include 
all resonances with g <6 which lie between the 1/3 and 1/2 
resonances with Jupiter. These are the 1/3, 3/8, 2/5, 3/7, 4/9, 
5/11 and 1/2 resonances. The limit q<6 is arbitrary but 
reasonable. If Kirkwood gaps do have any characteristics other 
than a lack of asteroids, one would expect them to be more 
prominent in the vicinity of the strongest resonances. 
Asteroids outside the 1/2 resonance are omitted. The number 
of asteroids between this resonance and Jupiter is small and 
some resonances in this region are associated with groupings of 
asteroids rather than gaps (see ref. 6). Asteroids inside the 1/3 
rescnance are also omitted because their orbits may have been 
influenced by Mars as well as by Jupiter”. Furthermore, the 
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resonances in this region, which is distant from Jupiter, are 
weak. 

The Tucson Revised Index of Asteroid Data (TRIAD) is a 
convenient source of information on the orbital elements and 
physical properties of asteroids. In particular, Williams” has 
calculated sets of proper elements (orbital elements after the 
effects of short-period oscillations have been removed) for 
1,687 asteroids. Hirayama’® recognized certain groupings in the 
distribution of proper elements which he called families, The 
inclusion in our study of large numbers of asteroids whose 
orbital elements are similar or correlated for reasons other than 
those associated with resonance would give misleading results. 
We therefore exclude any asteroid which is designated a family 
member in the TRIAD file. 

Thus, our study is confined to main-belt, non-family asteroids 
with semi-major axes a’ in the range 2.50-3.28 AU whose 
proper elements are listed in the TRIAD file. 757 asteroids 
satisfy these requirements. 


Statistical method 


For each asteroid in our chosen population we calculate R, the 
ratio of the mean motions of Jupiter and the asteroid (R <1). 
For each value of R we find the fractions R, and R, in the set 
1/3, 3/8, 2/5, 3/7, 4/9, 5/11, 1/2, which bound R most closely 
from above and below. Then, using a method similar to that of 
Dermott!', we define a parameter ô by 


A= (R~R,)/(R2- Ry) 


§ =2(A-B) n 
B=0if A<1/2 
B=1ifA>1/2 


Thus, ~1<6<+1 and is a measure of the displacement of the 
asteroid from the nearest strong resonance. 6 = 0 corresponds to 
exact resonance and [5|=1 is the greatest displacement from 
resonance that an asteroid can have. 

Clearly the number density of asteroids systematically 
increases and decreases to a variable degree between the strong 
resonances. By defining 6 we can superpose distributions to 
obtain a single distribution which is characteristic of the popu- 
lation as a whole. The relationship between 5 and any other 
property of the asteroids or their orbits, such as their absolute 
magnitudes, types, diameters or proper eccentricities, can then 
be analysed. 
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Fig.1 a, A direct plot of absolute magnitude against ô (a measure of the displacement from the nearest strong resonance) for the 757 asteroids 

in the TRIAD file which have semi-major axes in the range 2.50-3.28 AU and which are not members of recognized families. The apparent lack 

of asteroids with large absolute magnitudes is an observational selection effect. b, A smoothed number density contour plot obtained by applying 

running box methods to the data shown in a. Note how the number density increases continuously as |6| increases: there is no plateau. This implies 

that the effects of resonance pervade the whole distribution of main-belt asteroids. For absolute magnitude <10.3 the number density decreases 

as the absolute magnitude decreases—that is, there are relatively few asteroids of low magnitude. It is a combination of these two trends which 
results in the general V-shape of the contour plot. 


Kirkwood gaps 


Figure 1a plots absolute magnitude, 8(1, 0), against 4 for all the 
asteroids in our chosen population. The absence of objects near 
ê = Q, which corresponds to exact resonance, is the only accep- 
“ted characteristic of Kirkwood gaps. It is useful to study a 
contour plot of the data shown in Fig. 1a and this is shown in Fig. 
tb, which was obtained by applying a running box method to our 
data set. Note that as 6 » +1 the number density monotonically 
increases: the effects of resonance pervade the whole dis- 
tribution of main-belt asteroids. 

It has been suggested (see, for example, ref. 12) that larger 
objects avoid the gaps more than the smaller objects, and on first 


examination Fig. 1b seems to confirm this. However, a 
combination of a decrease in number density with decreasing 
magnitude and an increase in number density with increasing |å] 
would always give the illusion that low-magnitude objects avoid 
the gaps, even if the asteroids were in fact randomly distributed 
on either side of the resonances. Alternative methods are 
needed to settle this question. 

By ordering our chosen population in absolute magnitude and 
calculating running means, we can plot the mean value of [6 
against the mean absolute magnitude (Fig. 2a). In Fig. 2a, and 
also Figs 26 and 3, the running box always contains 100(=N) 
asteroids and was shifted through the chosen population with a 
step length of 10 asteroids. 
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The central limit theorem (see, for example, ref. 13) relates ø, 
the standard deviation of the distribution of the means of the 
samples, to gp, the standard deviation of the chosen population 
by 

r= (2) 
VN 
where N is the number of objects in each sample. 

Figure 2a shows that (/5|) increases as absolute magnitude 
decreases. The result is significant at =3o level. Thus, larger 
objects in our chosen population do avoid the gaps more than 
the smaller objects. However, by ordering our chosen popu- 
lation by sine of proper inclination, we can also show that proper 
inclination increases as (|6|) increases (Fig. 25). Again, the result 
is significant at 23a level. Furthermore, the data shown in Fig. 2 
seem to be negatively correlated, and this is confirmed in Fig. 3, 
which plots the mean absolute magnitude against mean sine 
proper inclination. 

That mean absolute magnitude should decrease as mean 
proper inclination increases is a consequence of observational 
selection’*. Faint asteroids have a greater probability of dis- 
covery if their inclinations are low and close to the ecliptic. Thus, 
although the trends shown in Fig. 2 are undoubtedly real, it is 
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Fig. 3 A plot of the mean value of absolute magnitude against 
mean sine proper inclination obtained by applying a running box 
method to our chosen population of 757 non-family asteroids 
which were sorted in order of increasing sine proper inclination. 
The correlation is consistent with the effects of observational 
selection which produce an excess of high magnitude, low inclina- 


tion objects 
probable that only one of them is a fundamental property of 


Kirkwood gaps and the result of resonance rather than observ- 
ing procedures. We must now determine which trend is the 
fundamental one, and we do this by analysing a data set which is 
free of all observational selection effects. 


Bias-free statistics 


On the basis of results from the McDonald survey’*, Kiang” 
estimated that the catalogued asteroid population is 95% 
complete up to mean opposition magnitude, B(a, 0) = 15. Mean 
opposition magnitude is related to absolute magnitude by 


B(a, 0) = B(1, 0)+5 log a(a —1) (3) 


where a is the semi-major axis of the asteroid in AU. Further- 
more, Kiang points out that of the 587 new objects detected in 
the survey only two had apparent magnitudes <14. To ensure 
complete elimination of all observational selection effects, even 
at the risk of being over-conservative, we adopt as an upper limit 
that value of absolute magnitude which corresponds to mean 
opposition magnitude 14 at the largest semi-major axis of our 
chosen population, 3.25 AU. This gives us (see equation (3)) the 
conditions 


B(1, 0)<9.68 
B(a, 0)< 14.00. 


Of our chosen population of 757 asteroids, 144 satisfy the above 
conditions. These asteroids constitute our bias-free set. 

Using the bias-free set we have repeated the plot of (i8)) 
against (B(1, 0)) and have found no significant trend. The set 
yields no evidence that the magnitude-frequency distribution of 
the asteroids changes near the Kirkwood gaps. However, by 
repeating the plot of (|6|) against (sin i’) we have found that the 
trend shown in Fig. 2b persists. Thus, we conclude that it is the 
latter which is of fundamental importance and that the trend 


(4) 





Mean sin?’ 


Fig. 2 A plot of the mean value of |6| against: a, the mean 


absolute magnitude; and 6, the mean sine proper inclination 
obtained by applying a running box method to the chosen popu- 
lation of 757 non-family asteroids which were sorted in order of 
increasing a, absclute magnitude; and b sine proper inclination. 
The o levels are derived by the application of the central limit 
theorem to the distribution of the means of the samples of the 
population. The running box (and hence each sample) contained 
100 asteroids and was stepped through the population 10 asteroids 
at a time. a Shows that low-magnitude objects do tend to have 
larger values of |8|, that is, that low-magnitude objects do avoid the 
gaps to a greater degree than do the high-magnitude objects. b 
Shows that there is a tendency for displacement from resonance to 
increase with inclination. In both a and b the result is significant at 
=3ø level. 


shown in Fig. 2a is merely a consequence of observational 
selection effects. 

We have also discovered that, in addition to the proper 
inclinations i’, the proper eccentricities e' also tend to increase 
away from the gaps. Here, these trends are best illustrated by 
Fig. 4 in which we plot (V) against (|6]), where 


V = (e? +sin? 7’)? (5) 
We consider it significant that the trend shown in Fig. 4 does not 
level off for large values of ||, suggesting that the effects of 
resonance are not confined to the immediate vicinities of the 


resonances, but pervade the whole distribution of main-belt 
asteroids. 


Nature Vol. 290 23 April 1981 


oo meinen aaia 
t 


e orn ea g Te 
s E FRE 


Themis family 


Franklin et al." have recently suggested that the Kirkwood gaps 
were formed early in the history of the Solar System at a time 
when the asteroids moved in near-circular, near-coplanar orbits 
and low-velocity collisions were frequent. They consider that 
the present high values of inclinations and eccentricities of orbits 
in the asteroid belt were produced later by some process 
unrelated to gap formation. We can now see that their hypo- 
thesis does not account for the characteristic trends in i’ and e’ 
which we have discovered. Further evidence contrary to their 
hypothesis may be provided by the Hirayama families. 

The 144 asteroids that constitute our bias-free set are among 
the largest asteroids in the main belt. Because the lifetime of an 
asteroid against collisions is proportional to VD, where D is the 
asteroid diameter’’, this set also consists of some of the oldest 
asteroids. It would be of interest, therefore, to look for gaps in 
the distributions of objects which are probably relatively recent 
additions to the asteroid population. The larger asteroid families 
are generally believed'*'® to be the results of collisional dis- 
ruption of single bodies. The Eos family is estimated”? to have 
been formed = 10° yr ago, while the Themis family is thought to 
be somewhat older because of the larger spread of its orbital 
elements. A large spread in semi-major axes increases the 
likelihood of sufficiently strong resonances occurring within a 
given family. The Themis family, with 62 catalogued members® 
lying between 3.08 and 3.18 AU, provides the best set of rela- 
tively young asteroids in which to search for gaps associated with 
resonances. 

There are five resonances with g<11 located within this 
family. When we apply a running box method to the distribution 
of a, we find gaps associated with the two strongest resonances 
(Fig. 5). In addition, the family seems to be bounded on one side 
by the 5/11 resonance (3.075 AU). One may question whether 
these gaps are real, in the sense that they represent a genuine 
absence of material or whether , because family members are 
identified by clustering of orbital elements, they represent the 
failure to indentify asteroids in these regions as family members 
because their eccentricities and inclinations, but not, perhaps, 
their semi-major axes, have been altered by the effects of 
resonance. The answer to this important question may be 
obtained from more complete studies of background asteroids in 
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Fig.4 A plot of the mean value of V(=(e’? +sin7i’)'/) against the 
mean value of |8] obtained by applying a running box method to the 
bias-free set of 144 non-family asteroids which were sorted in 
order of increasing |8]. For this plot, the running box contains 50 

‘asteroids and there is a shift of two asteroids between data points. 
Note that the plot has no plateau: the trend is present throughout 
the distribution. This tendency for both e' and i' to increase with 
increasing |4| is a fundamental property of the Kirkwood gaps and 
is indicative of the effects of gravitational forces acting on indivi- 
dual asteroids as a possible mechanism for the origin of the 

Kirkwood gaps. 
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Fig.5 The distribution of the 62 asteroids in the Themis family as 
a function of proper semi-major axis. The plot was obtained using a 
running box method with a box length of 0.01 au and a shift of 
0.001 AU between data points. N (a') is the number of asteroids 
per unit AU contained in each box. The smooth curve represents 
the best gaussian fit to the data. A gaussian distribution is charac- 
teristic of catastrophic disruption”'. The location and approximate 
relative strength of all resonances up to and including order 11 
which lie in the region of the Themis family are shown. The family 
appears bounded to the left by the 5/11 resonance. The strong 1/2 
resonance lies at 3.28 AU. The two strongest resonances which lie 
in the Themis region (6/13 and 7/15) coincide with gaps in the 
distribution. These gaps may be of a similar nature to the Kirkwood 
gaps or they could be regions where the resonances have altered 
the proper elements of asteroids causing them to be overlooked as 
potential Themis family members. Observations of the physical 
properties of background asteroids in these regions should help to 
distinguish between these hypotheses. 


these gaps to determine whether or not they have the physical 
characteristics of Themis members. 

On the basis of our studies of the Themis and other families, in 
particular, the Eos and Koronis families, we tentatively 
conclude that the gaps in their distributions of semi-major axes 
are real and thus that some Kirkwood gaps have been formed 
since the time of formation of the Solar System. 


Conclusions 


When the bias in the data due to observational selection is 
removed, there is no significant tendency for low-magnitude 
objects to be further away from the resonances than the high- 
magnitude objects. Such a magnitude effect, if found, would 
have supported the collisional hypothesis for the Origin of the 
gaps. 

There is a significant tendency for objects further away from 
the resonances to have larger eccentricities and inclinations. The 
process responsible for the formation of the Kirkwood gaps 
seems preferentially to have removed those objects near the 
resonances which had large values of e’ and i’. Since the magni- 
tude of the gravitational disturbing function acting on an 
asteroid increases with the eccentricity and the inclination of the 
asteroid, our results strongly suggest that it is the gravitational 
effect of Jupiter, acting on individual asteroids, which is respon- 
sible for the formation of the Kirkwood gaps. It is possible that 
such a mechanism has produced the gaps over the lifetime of the 
Solar System, but further studies of Hirayama families should 
provide more accurate measurements of the timescale of such a 
process. 

The Kirkwood gaps are not simply regions of small asteroid 
number density, neither are they restricted to the immediate 
vicinities of the resonances, for the effects of resonance seem to 
pervade the entire belt of asteroids between the 1/3 resonance 
and Jupiter itself. The characteristics we have described should 
place severe constraints on any theory of the formation of the 
Kirkwood gaps. They also challenge our understanding of the 
dynamical stability of the Solar System. 

We thank P. Goldreich, J. Gradie and T. C. Van Flandern for 
helpful discussions and B. Zellner for providing us with a copy of 
the TRIAD file. This research was supported by NSF grant AST 
79164-74-A01. 
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Interacting genes in nematode 
dauer larva formation 
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The dauer larva of Caenorhabditis elegans is a developmentally arrested stage induced by starvation or overcrowding. 
Mutant genes controlling the ability to form dauer larvae interact in a way which allows them to be ordered in a pathway. 
Mutant phenotypes suggest that the pathway corresponds to neural processing of environmental stimuli. 
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TO the extent that the development of organisms is controlled 
by genes which act in sequence’, it should be possible to deter- 
mine a hierarchy of genes affecting the expression of certain 
traits. What follows is an account of a study, in the language of 
classical genetics, of the hierarchical relationship between the 
genes involved in the formation of the so-called dauer larval 
stage of the free-living soil nematode Caenorhabditis elegans. 
The genetic and anatomical simplicity of the organism*~ fit it for 
such a study. Our work shows, however, that the expected 
hierarchy is surprisingly intricate. 


Larvae of C. elegans undergo four moults (Fig. 1), at which 
the cuticle is replaced, but at the second may enter the ‘dauer’ or 
‘persistent’ (German: dauer = hard, enduring) state® in response 
to starvation or overcrowding. Thus arrested in development 
but specialized for survival and dispersal’, dauer larvae survive 
exposure to detergents and other chemicals", do not feed 
because their mouths are plugged (Fig. 2) and may survive for 
months until they encounter food, moult and resume develop- 
ment. The duration of the dauer stage seems not to affect 
post-dauer longevity, suggesting that ageing is interrupted’. 
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Table 1 Suppression of dauer-constitutive mutations by dauer-defectives 
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Multiply-marked dauer-constitutive strains 


Dauer 

defective DR194 DR189 DR133 DR202 DR204 CB2196 DR130 

mutants (daf-11 V} (daf-8 I) (daf-7 HD (daf-14 IV) (daf-f IV) (daf-4 HT} (daf-2 ITD) 
CB1376 (daf-3 X) + + + pe j i L 
CB1386 (daf-5 IH) + + 4 m 4 4 p 
DR20 (daf-12 X) + + 4 ts + + 7 
DR2S (daf-20 X} + + 4 + + — + 
DR26 (daf-16 1) + +(60% ) +(20% ) +(25%) +(35%) E + 
CBi377 (daf-6 X} +{70%) +30% ) + (35%) = — = 
DR27 (daf-27 D + + + = = = + 
CB1375 (daf-18 IV) + + te js = be 


nN e 

+ Indicates that, in a particular constitutive-defective double mutant, the constitutive phenotype is suppressed (the defective mutation is epistatic). ~ Indicates gene 
pairs in which the constitutive is epistatic (no suppression of the constitutive phenotype). In cases where suppression is not complete (daf-6 and daf-16), the fraction of the 
double-mutant population which escapes dauer formation is given in parentheses as per cent suppression. As the only available mutant alleles of these genes are slightly 
leaky dauer-defectives, a low residual level of gene activity may account for reduced efficiency of suppression, Dauer-defective strains are all single mutants with allele 
numbers corresponding to the strain numbers given. Gene names and linkage groups are given in parentheses. The multiply-marked dauer-constitutive strains have the 
following genotypes, where allele numbers are given in parentheses after the corresponding gene name: DR194, dpy-11(e224)daf-11(m47)unc-39(e257)V; DR189, 
dpy-Ste61) daf-8(e1393)une-29(e1072)1; DR133, dpy-I(e 1 )daf-7(e1372}unc-32(e 189) MT; DR202, unc-24(e138)daf-14(m77)1V: DR204, daf-1(m4O)dpy-4(el L66)IV; 
CB2196, daf-4(e1364)unc-32(e189)IIT; DR130, dpy-1tel )daf-2(e1370/unc-32(e1 89/1, Because it was impossible to predict in advance if a double mutant would be 
constitutive or defective (or even viable), closely linked visible markers were used to identify the presence or absence of daf alleles in newly constructed strains. To construct 
the strains, males homozygous for a dauer-defective (suppressor) mutation were crossed with és dauer-constitutive hermaphrodites carrying closely linked, flanking 
mutations. Heterozygous F, hermaphrodites produced in these crosses were wild type in phenotype, and segregated dumpy, uncoordinated animals by ‘selfing’ at 15°C. 
The dauer-constitutive phenotype is not expressed at 15°C. In each test, 15 marked segregants were incubated at 25°C to determine if suppression occurred. If the 
suppressor gene is unlinked, three-quarters of the marked animals are expected to carry the suppressor gene in either the heterozygous or homozygous state. All such 
animals segregate homozygous progeny which, in the case of suppression, will grow to maturity at 25 °C, If there is no suppression, all progeny become dauer larvae. In cases 
where closely linked genes were tested, recombinants carrying both mutations were selected by using an intervening visible marker as in the case of daf-8 and daf-16. 
Starting with a heterozygote (++ daf-16/daf-8 unc-29 +), a daf-8 daf-16 recombinant was selected by picking F, progeny which are dauer-constitutive, but not 
uncoordinated (daf-8 +daf-16/daf-8 unc-29 +). At 15°C, this heterozygote segregated the double homozygote required to test the epistatic relationship of daf-& and 
daf-18 at 25 °C. Crosses with the daf-10 mutant are not included here. Appropriate double mutants were constructed by another method'*, because homozygous daf-10 
males do not mate”. All the constitutive mutations except daf-4 have been combined with daf-10, and each failed to be suppressed. 
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Fig. 1 The life cycle of C. elegans. The duration of each developmental! 
stage during growth at 25°C on Petri plates seeded with Escherichia coli 
strain OPSO (ref. 2) is given in parentheses. The solid arrows represent 
moults. Moulting times were determined by monitoring pharyngeal pumping 
in synchronized populations’*. Wild-type dauer larvae obtained from star- 
ved populations initiate pharyngeal pumping 2-3 h after being placed in 
food. The moult to the L4 stage occurs after an additional 8 h. The 8-h time 
from egg to L1 is the interval between egg laying and hatching. The entire life 
cycle requires 3 days at 25 °C. 


Such stages of arrested development occur in other nematodes, 
and the similarity with the obligate (usually infective) form of 
many pathogenic parasites should not be entirely overlooked’. 

In our genetic studies, we have isolated mutants of C. elegans 
of two kinds—‘defective’ mutants which do not produce dauer 
larvae even when starved"', and ‘constitutive’ mutants which 
produce dauer larvae even with abundant food’. The genes 
concerned are named daf (for ‘dauer larva formation’). 

We have screened clones for defective mutants by treating 
nematodes with the mutagen ethyl methane sulphonate (EMS) 
and selecting clones of F, hermaphrodite progeny which do not 
form dauer larvae after starvation; a total of at least 15 genes is 
involved'’*, We have obtained 38 constitutive mutants from 
nematodes treated with either EMS or DES (diethyl sulphate) 
by selection for dauer larvae with 1% SDS". 

Thirty-three of the constitutive mutants are ts (temperature- 
sensitive), while five are ‘leaky’ (incompletely penetrant) at all 
growth temperatures. The best of the ts mutants grow normally 
at 15°C, but all larvae grown at 25°C become dauers at the 
second moult. The dauer larvae cannot recover until the 
incubation temperature is shifted down to 15 °C. The ts mutants 
are all recessive, and they define seven complementation groups 
(see Table 1). SDS selection can only yield conditional or leaky 
mutants which are able to recover and reproduce. The isolation 
of unconditional (non-recovering) dauer-constitutive mutants 
will be described elsewhere. 


Epistatic ordering of genes 


A relationship between constitutive and defective mutations 
was detected by selecting revertants of ts dauer-constitutives, 
daf-2 daf-4 and daf-7 (Table 2). Homozygous revertants, aris- 
ing in the F, generation after mutagenesis, grow and reproduce 
at 25°C, while parental-type larvae become dauers and stop 
growing. Most revertants not only escape dauer formation, but 
they fail to form dauers even when starved. Crossing the rever- 
‘tants with the parental strain revealed that they were double 
mutants which carried not only the parental constitutive muta- 
tion, but also were homozygous for an epistatic, recessive dauer- 
defective mutation. Thus, some dauer-defective mutations can 
act as suppressors of dauer-constitutives. 
Twenty-five independently isolated revertants were dis- 
tributed among six complementation groups (Table 2) and some 
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revertants were alleles of dauer-defective genes which had 
already been genetically mapped (Fig. 3). To determine which 
dauer-constitutive mutants could be suppressed by various 
defectives, we constructed a series of multiple mutants by 
genetic crosses (Table 1). One interpretation of these data could 
be that constitutive and defective mutations produce competi- 
tive influences on dauer larva formation in a double mutant. The 
more extreme alleles might be epistatic to less extreme alleles, so 
that the cross-suppression tests rank the mutations quan- 
titatively in order of severity. Several observations argue against 
this hypothesis as a general explanation for the observed inter- 
actions. First, there is no uniform gradient of suppression. For 
example, the daf-12 mutation suppresses daf-4 but not daf-2 
while the daf-20 mutation exhibits the opposite pattern. 
Second, ranking the ts mutants by the degree of expression at 
intermediate temperatures does not produce a correspondence 
to the suppression pattern’. Based on the degree of expression 
of the ts constitutive strains at a range of temperatures between 
15 and 25°C, the daf-7 strain was judged to carry the most 
severe ts allele, while the daf-14 strain carries the least severe 
allele. Third, daf-16 provides an absolute block to the most 
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Table 2 Origin of dauer-defective mutations 








Gene No. of alleles collected* 
and eeaeee Estimated 
linkage Reference By reversiont Other? mutation 
group allele daf-7 daf-4 daf-2 frequency 
daf-10IV e1387 “a gs 2 2 5x10 
daf-18 IV e1375 — ~ oe j 
daf-17 1 m27 _ a 5 me 1x10 
daf-6 X e1377 SA be = 1 
daf-16 I m26 pa we i ene 2x105 
daf-20 X m25 a — 2 5x10 
daf-3 X e1376 5 2 ae 1 3x10 
daf-5 HI e1386 7 2 — 2 5x10 
daf-12 X m20 1 = 5 5x10 


erie i ty 

* Complementation tests were performed by crossing homozygous or hemizy- 
gous dauer-defective males with dumpy (dpy) dauer-defective (daf) hermaph- 
rodites. Starved populations derived from cloned, non-dumpy F, progeny were 
scored for the presence or absence of dauer larvae both visually and by SDS 
treatment'''*. Populations arising from heteroallelic F, progeny do not form 
dauers. Complementing daf mutations, on the other hand, allow many dauers to 
be formed even though some homozygous dauer-defective progeny are segregated 
in the F, generation. Because homozygous daf-10 males do not mate'’, heterozy- 
gous daf-10/+ males were crossed with dpy daf hermaphrodites. In these crosses, 
half the F, progeny produce dauer-defective populations when the daf mutations 
are allelic. 

* To obtain revertants of ts dauer-constitutive mutations, strains CB1372, 
daf-7(e1372)IH; CB1364, daf-4(e1364)IIT; CB1370, daf-2(e1370)N: CB1368, 
daf-2(e1368)111 and CB1391, daf-2(e1391)ITI were mutagenized with EMS (ref. 
6). In each experiment 4 adult hermaphrodites were placed on each of 50 100-mm 
diameter Petri plates seeded with OP50 and allowed to produce about 200 F, 
progeny per plate. After an initial 6 days of incubation at 15 °C, adult F, progeny 
were shifted to 25 °C for an additional 4 days. Adult F, revertants were cloned and 
re-tested for growth at 25°C, and for the dauer-defective phenotype after star- 
vation. To assure independence of the mutations, no more than one revertant 
clone from each plate was saved. Homozygous revertant males were backcrossed 
to dpy daf hermaphrodites. The appearance of dauer-constitutive cross progeny in 
the F, demonstrates the continued presence of the parental dauer-constitutive 
allele in the revertant strain, as well as the recessive character of the suppressing 
dauer-defective mutation. The dauer-constitutive alleles were then removed from 
the genetic background of each revertant by crossing the homozygous revertant 
males with strains carrying dpy markers closely linked to the constitutive locus. 
Doubly homozygous dpy ;daf F, segregants which no longer carried the constitu- 
tive mutation were saved for complementation tests. The dpy:daf strains were 
again crossed with wild-type males to remove the dpy marker. In each case 
homozygous or hemizygous males derived from a non-dumpy, dauer-defective 
segregant were used for cross-suppression tests (see Table 1). 

t Alleles e1387, e1376 and e1386 were obtained by cloning F, progeny of 
mutagenized N2 hermaphrodites as described elsewhere''. All mutants were 
subsequently backcrossed and re-segregated before complementation and genetic 
mapping. The daf-18(e1375)I1 mutation was discovered in strain CB1062, vad-3 
X, and removed from the vab-3 background by crossing with wild-type males and 
re-segregating the unlinked e1375 allele. The e1377 mutant was isolated after 
EMS mutagenesis by Dr James A. Lewis. The frequency of mutation in each gene 
in standard conditions of EMS mutagenesis” was estimated by dividing the total 
number of mutants obtained (columns 3-6) by twice the number of F, broods 
examined, 
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Fig. 2. External morphological differences between an L2 larva (a) anda 
dauer larva (b) are shown by scanning electron micrographs of the nose, The 
field width in each micrograph is 7.2 wm. An internal plug which completely 
closes the mouth of the dauer (b) is revealed in transmission electron 
micrographs of transverse sections (not shown). The dauer larva is thinner 
than the L2, and has an increased specific gravity due to radial shrinkage of 
the body at the dauer-specific moult’. In preparation for scanning electron 
microscopy, larvae were fixed overnight in cold 3% glutaraldehyde in 0.1 M 
phosphate buffer, pH 7.1, and post-fixed for 6 h in cold 1% buffered OsQ,. 
Specimens were dehydrated in a graded series of ethanol, critical point dried 
in CO,, mounted on copper adhesive tape and gold coated, Photographs 
were taken at 10 kV on a Jeol JSM-1 scanning electron microscope. 


extreme (non-recovering) constitutive mutations, although it 
does not suppress ts alleles of certain constitutive genes (in 
preparation). 


A functional sequence 


The data suggest that there is an order to the functions 
controlled by the daf genes, and that the constitutive and 
defective mutations affect a common sequence. On the basis of 
the suppression patterns (Table 1) the pathway in Fig. 4 can be 
constructed with individual genes assigned to the control of 
sequential steps. If the constitutive mutants were simply blocked 
in entry to the L3 stage (see Fig. 1), while defective mutants were 
blocked in a separate sequence to the dauer larva, the constitu- 
tive-defective double mutants could not continue larval 
development at all. Instead, the data indicate that the dauer- 
defective mutants are blocked in the pathway to the dauer stage 
while the dauer-constitutives generate a false, internal signal 
which causes the mutants to form dauer larvae even in the 
absence of appropriate environmental cues. If the pathway is 
blocked after the false signal, a double mutant will be dauer- 
defective. However, if the false signal is generated after the 
block, a double mutant will be dauer-constitutive. 

An unambiguous order of function can be assigned to most 
dauer-constitutive genes. However, daf-2 seems to be in a 
distinct branch of the pathway. The daf-16 and daf-20 muta- 
tions suppress daf-2 but not daf-4, while daf-3, daf-5 and 
daf-12 suppress all constitutives except daf-2. A block in the 
upper branch of the pathway is both necessary and sufficient to 
produce a dauer-defective phenotype. Therefore, we conclude 
that the lower pathway specified by daf-2 does not function in 
these conditions. This second pathway may represent the 
response to different environmental signals, or it may function 
only in daf-2 mutants. 

Our goal is to establish specific behavioural or morphological 
correlates with the mutant steps in the pathway. Two steps, 
represented by daf-10 and daf-6, are correlated with chemo- 
taxis defects, and both mutants exhibit ultrastructural alter- 
ations’! in specific neurones which have previously been 
implicated in the chemosensory response to salts'™'®. These 
dauer-defective mutants exhibit pleiotropic defects, both in 
chemosensory behaviour and in neuroanatomy. Nevertheless, 
ultrastructural evidence suggests that one or more amphidial 
neurones mediate a sensory signal for dauer larva formation’. 
The amphids are a pair of sense organs consisting of 12 
neurones, 8 of which extend afferent processes anteriorly to 
openings on the lateral sides of the mouth’”"”. 

The genetic pathway may correspond to a neural pathway 
involved in detection of an environmental signal by sensory 


receptors followed by transduction of the signal to neuro- 
secretory cells. According to this hypothesis, neurosecretion 
would then alter the hormonal balance in the nematode to 
initiate dauer larva morphogenesis. The final step in the pathway 
may represent defects in the reception of the neurosecretory 
signal. Underlying the neural pathway would be the develop- 
mental processes which produce a functional set of nerve cells. 
For example, a mutation affecting morphogenesis of sensory 
neurones would affect the pathway at a position corresponding 
to that sensory function. Thus, we expect that many of the genes 
exert their primary effects on development well before the 
pathway is actually set in motion physiologically. This conten- 
tion is supported by the results of temperature-shift and 
temperature-pulse experiments which define temperature- 
sensitive periods before the L2 stage for six of the ts dauer- 
constitutive mutants’’. 

One or more steps in the pathway may involve amphid 
function. The daf-6 mutant exhibits amphid defects as does 
daf-10, but other neurones in the daf-6 mutant are also 
affected''. None of the other mutations positioned in the path- 
way exhibits the behavioural abnormalities characteristic of the 
non-chemotactic dauer-defective mutants, daf-6 and daf-10. 





o!:234%5 
wanes 
T RECOMBINATION 
O 
ESOO a 
Pa * 
g Qi 
A v Pa 
DN x 
S S d > 
S & 
®© d 
JN N © N 
aò aò aò ae 
WZ C_¢ _¢ a, 
D Pe] > > 
+ P A 
we x» $ g 
` 
aò 
x — 6 
SP 2 
A $ G 
we g 
NG 
% ` © 
a’ ar A 
S a eo 
> % A g a 
, A P 


Fig.3 Simplified genetic map of C. elegans showing the six linkage groups 
with daf loci labelled above the lines. Other markers used in mapping crosses 
and in cross-suppression tests (Table 1) are shown below the lines. Linkage 
relationships are as described previously’. Gene designations are daf 
(dauer larva formation), dpy (dumpy), lon (long) and unc (uncoordinated). 
The locations are shown only for mutations which have been unambiguously 
ordered. When two genes are joined at the same location, no recombination 
has been detected between them. The daf-20 gene is X-linked, but is not 
shown because its location has not been determined. 
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Fig. 4 A simple genetic pathway for dauer larva dat-16 Pee 
formation, one of several possible representations, dat-10 daf-18 daf-17 daf-é dat-20 daf-12 

based on epistatic relationships between dauercon- i i i t i i 

stitutive mutations and dauer-defective mutations. i i . i . : 

Gene names of dauer-constitutives are given in the Starvation pi ias n p dal-7 mepe E14 elfen fA- epee afd NG 

pathway itself to represent points where false signals i l l i i : 

may be initiated. Mutations in dauer-defective genes i l ! i i l dauer 
block the pathway at the positions shown by dashed i i i formation 
lines. The daf-10 mutation is drawn to block both i j l Pad 

branches of the pathway on the basis of indirect evi- DaT O 90.152 i i 


dence. First, both daf-8 and daf-2 are epistatic to 

daf-10, and second, the daf-10 mutation blocks 

recovery of both daf-2 and daf-8 dauer larvae (see 
text). 


However, if the gene order corresponds to a pathway of neuro- 
transmission, electron microscopic analysis of daf mutants 
positioned near the end of the pathway may reveal anatomical 
defects in neurosecretory cells. 


Genetic complexity of the pathway 


C. elegans possesses three to four thousand essential genes”. 
We estimate, based on mutation frequency and the fraction of 
new mutations which recur in previously characterized genes (in 
preparation), that there are ~100 genes affecting dauer larva 
formation. Dauer-constitutive mutants are rare, occurring at an 
aggregate frequency of 0.2% or about four times the mutation 
frequency per average gene in standard conditions of EMS 
mutagenesis”’*. All seven of the constitutive genes detected by 
Our mutant selection are represented by more than one allele. 
Therefore, we conclude that we are approaching saturation of 
the ts dauer-constitutive mutant class. 

Two other experiments support this view. First, we have used 
dauer-defective mutants late in the pathway (daf-16 and daf- 
20) as parent strains for selecting a restricted class of dauer- 
constitutive mutants which might define even later steps in the 
pathway (see Fig. 4). After mutagenesis with EMS or DES, the 
progeny of nearly 9,000 F, animals were screened. This popu- 
lation is of sufficient size to detect four or five alleles of the 
average gene in C. elegans. In fact, five new alleles of daf-4 were 
found, but no new dauer-constitutive genes were identified. 
Second, mutants with maternal effects have not been over- 
looked. All eight alleles of daf-1 share this property. Homozy- 
gous daf-1 animals do not form dauer larvae if their maternal 
parent was heterozygous (+/daf-1). Selection for maternal- 
effect mutants (not expressed until the F, after mutagenesis) 
produced six new alleles of daf-1, but no other constitutive 
genes with a maternal effect. 

Although the genetic evidence suggests that there may not be 
many more than 7 genes of the ts constitutive class, we estimate 
that there may be as many as 100 genes of the defective type”. It 
is likely that more defective genes will be positioned within the 
pathway, since four of the nine genes in the pathway are 
represented by only a single isolate (see Table 2) and other 
dauer-defective mutants have not been tested for their suppres- 
sion properties. The frequency of dauer-defective mutants 
obtained by EMS mutagenesis of wild-type C. elegans is 5%. 
Many of these mutations may exert their effects indirectly as in 
the case of daf-10 and daf-6, two mutations which affect neural 
development. 

Other genes do not affect the signal, but do affect the 
subsequent process of dauer larva morphogenesis. For example, 


Received 8 October 1980; accepted 13 January 1981. 


1. Beadle, G. W. & Ephrussi, B. Generics 22, 76-86 (1937). 
2. Brenner, S. Genetics 77, 71-94 (1974). 
_ 3. von Ehrenstein, G. & Schierenberg, E. in Nematodes as Biological Models Vol 1 (ed. 
) @uckerman, B. M.) 2-71 (Academic, New York, 1980). 
. White, J. G., Southgate, E., Thomson, J. N. & Brenner, S. Phil. Trans. R. Soc. B275, 
327-348 (1976), 
5. Sulston, J. E., Albertson, D. G. & Thomson, J, N. Devi Biol. 78, 542-576 (1980). 
6. Bovien, P. Vidensk. Meddr dansk. naturh. Foren. 101, 1-113 (1937). 
7. Cassada, R. C. & Russell, R, L. Devi Biol. 46, 326-342 (1975). 
8. Cassada, R. C. & Russell, R. L. Fedn Proc. 33, 1476 (1974), 
9 
0 


& 


. Klass, M. & Hirsh, D, Nature 260, 523-525 (1976), 
. Evans, A. A. F. & Perry, R. N, in The Organization of Nematodes (ed. Croll, N. A.) 383-424 
(Academic, New York, 1976). 


a daf-13 mutant forms apparently normal dauer larvae in 
response to starvation, but the dauers are sensitive to SDS 
treatment, possibly because of a defect in cuticle maturation 
(unpublished results). When the daf-13 mutation is combined 
with the dauer-constitutive, daf-2, the constitutive phenotype is 
unaltered except that the constitutively formed dauer larvae are 
sensitive to SDS. We believe daf-13 to be representative of a 
class of ‘process’ mutations which do not affect the signal 
pathway and do not exhibit epistatic interactions with dauer- 
constitutive mutations, 

There are few, if any, genes which are involved specifically in 
exit from the dauer stage. Selection (by resistance to SDS) for 
mutants which are abnormally slow in dauer larva recovery 
produced no new mutant types. The only mutants found were 
dauer-constitutives (which recover slowly) and leaky dauer- 
defectives (affected in both entry and exit). This suggests that the 
genetic requirements for recovery from the dauer stage are 
similar to the requirements for entry. To determine if all dauer- 
defective genes specifying the entry pathway also affect exit 
from the dauer stage, we constructed the following three strains 
in which the constitutive gene, daf-1, is epistatic: daf-1 daf-10, 
daf-1; daf-17 and daf-1; daf-6. In both the daf-10 and daf-6 
double mutants, recovery of constitutively formed dauers (on 
temperature-shift to 15°C) is almost completely inhibited, 
showing that function of these genes is required for both entry 
and exit, but in the case of the daf-1; daf-17 double mutant, 
dauer larva recovery is at most only marginally inhibited. Thus, 
the genes required for exit from the dauer stage may be simply a 
subset of the genes required for entry. 

Dauer larva formation seems to be relatively unaffected by 
most of the animal’s genes, allowing us to study this sequence in 
relative isolation from the rest of development. The properties 
of this system permit an unusual application of classical genetic 
methods to the analysis of a developmental pathway. Elucida- 
tion of the physiology of dauer larva formation will require 
further work to identify the specific molecules which act as 
environmental cues, the neurones involved in signal processing, 
what neurotransmitters these cells use and what hormones 
mediate the response. As a formal genetic problem, dauer larva 
development seems about as complex as that of bacteriophage 
T4 (ref. 20), and it is therefore a reasonable goal to characterize 
its genetic specification completely. 
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Circular dichroism and *'P-NMR on synthetic oligomers of (dC-dG) inserted within DNA restriction fragments indicate 
that the right-handed B-structure can exist in close proximity to the left-handed Z-structure. Also, this salt-induced 
transition to Z-form in a small (dC-dG) segment (1.3%) of a recombinant plasmid markedly influenced the supercoil of the 
plasmid. These observations have implications for the postulated role of naturally occurring related simple sequences in the 


regulation of gene activity. 





DUPLEX DNA polymers and oligomers containing a strictly 
repeating dG and dC sequence have been known for some time 
to display unusual conformational properties’. High molecular 
weight (dG-dC),, : (dG-dC), has been synthesized* and charac- 
terized by a variety of biochemical and physical approaches 
(reviewed in refs 1, 3). The presence of high concentrations of 
salt (NaCl, NaClO,, MgCl.) or ethanol causes this polymer, but 
not related synthetic polymers, to undergo a marked structural 
transition as revealed by circular dichroism (CD) and Raman 
spectroscopy”. This cooperative transition has more recently 
been interpreted (see below) as a conversion of the right-handed 
helix into a left-handed structure, an observation foreshadowed 
by the demonstration that (dI-dC), -(di-dC), had a very 
unusual left-handed conformation at normal salt concentrations 
and could undergo a transition to a typical right-handed DNA-B 
conformation at high humidities*”’°. 

Recent X-ray crystallography studies on short oligomers 
[d(CpGpCpG) and d(CpGpCpGpCpG)] revealed the very 
unusual Z- and Z'-DNA conformations’''*. The Z-confor- 
mation differs from the typical right-handed DNA-B structure 
in that the helix is left-handed with 12 base pairs per turn, the 
sugar conformations are not all the same but dG is C3’-endo and 


Fig. 1 DNAs used in these studies. pRW751 is a recombinant plasmid 
derived from pBR322 (ref. 29) which contains a 157-base pair {bp} insert 
into the ‘filled in' BamHI site. The cloning procedure, preparation of 
plasmid DNA ang preparation and characterization of DNA restriction 
fragments were generally performed as previously described 717741. The 
157-base pair fragment was sequenced essentially as described elsewhere”, 
the BamHI ends were labelled with “P and the fragment was cleaved with 
Hpall. The DNA sequence revealed the presence of the perfectly alternating 
(dC-dG) sequence shown in this figure along with the presence of the lac 
sequence. The localization of the 26- and 32-base pair (dC-dG) arms relative 
to the lac 95-base pair fragment is precisely known. However, the orien- 
tation of the entire 157-base pair insert with respect to the vector is not 
known. The polymer of the 157-base pair fragment was prepared by a 
large-scale T4 DNA ligase reaction with the 157-base pair monomer in 
conditions described previously’’ using 100 ug of the 157-base pair frag- 
ment. The number average molecular weight ($0-mer) of the polymers 
waich resulted from this reaction was established by gel electrophoresis and, 
more rigorously, by spectrophotometric analysis of the RPC-45 chromato- 
graphy used in the preparation of the ‘inside-out’ 157-base pair fragment. 
This fragment was prepared by Hpall cleavage of the polymer of the 
157-base pair fragment. The ‘inside-out’ molecules are, in fact, a mixture 
consisting of fragments which are 138, 157 and 176 base pairs long. This 
mixture was purified from the ‘half molecules’ (70 and 87 base pairs in 
length) which were derived from the termini of the polymer, Gei elec- 
trophoretic analysis of the purified ‘inside-out’ 157-base pair molecules 
showed no detectable ‘half molecules’ (< 1%}. The 220-base pair fragment 
was isolated from pRW751 by a three-step procedure; first, 6mg of 
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dC is C2'-endo and the G residues are in a syn, not the orthodox 
anti, conformation. The Z-conformation may correspond to the 
high salt form of (dG-dC), : (dG-dC), with the ‘inverted’ CD 
spectrum'’, particularly as Raman spectroscopy of the crystals 
used for the X-ray analyses demonstrates the correlation with 
the high salt form of (dG-dC), (A. Rich, personal com- 
munication). Also, recent °>'P-NMR studies (refs 16, 17 and J. S. 
Cohen, personal communication) on oligomers with strictly 
alternating dG and dC residues demonstrates the salt-induced 
conformational transition from a typical phosphodiester struc- 
ture (in low salt) to an alternating structure (in high salt). The 
alternating backbone conformation is presumed to be of the 
Z-type. It may be that, as proposed’’'*, any DNA with a 
perfectly alternating sequence of purines and pyrimidines 
adopts a Z-type conformation. 


Z-type DNA in a natural genome 


The relevance of these observations to natural DNA and their 
possible implications for the regulation of gene activity is still 
largely speculative. We therefore decided to construct a 
recombinant DNA in which poly(dG-dC) was cloned in restric- 
tion fragments of plasmid DNA. This approach, based on our 
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pRW751 were digested with Hindli + HindIII and the resulting products were separated on a preparative polyacrylamide gel, The 780-base pair fragment was 
extracted from the gel and cleaved with Taql + Haelll and the products of this digestion were then fractionated on a preparative polyacrylamide gel. The 220-base 
pair fragment was extracted from the gel and further purified by column chromatography on DEAE-Sephacel (0.5 0.5 cm) in 10 mM Tris-HCl (pH 7.6), 0.1 mM 
EDTA. The column was washed with 3 ml of the same buffer and the 220-base pair fragment was eluted with 2.0 M NaCl in 10 mM Tris-HCI (pH 7.6) and 0.1 mM 
EDTA. The orientation of the 37- and 26-base pair segments of pBR322 on the termini of this molecule relative to the 157-base pair segment was not determined. 


pBR322 segments are designated with cross-hatching. 
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Fig. 2 Circular dichroism spectra of the 157-base pair fragment. The solid 
lines show the spectra of the 157-base pair fragment in 1.0 and 8.0 M NaCl. 
The dotted lines show the calculated spectra for a mixture of the lac 95-base 
pair fragment and (dG-dC), ° (dG-dC), at the same molar ratio as in the 
157-base pair fragment. The 1.0 and 5.0 M NaC] spectra for the lac 95-base 
pair fragment as well as for the (dG-dC),, - (dG-dC),, were taken separately. 
A solution of (dG-dC), :(dG-dC), was equilibrated for 4h at room 
temperature before the spectra were determined. The extinction coefficients 
used were the following: lac 95-base pair fragment, 6.5 10°: (dG- 
dC), © (dG-dC),, 7.1 x 107; the 157-base pair fragment, 6.7 x 10°. The inset 
shows the influence of salt concentration on the CD at 295 and 250 nm. The 
spectra at the different salt concentrations were obtained by diluting the 
5.0 M NaCI solution of the 157-base pair fragment with 10 mM. cacodylate 
buffer (pH 7.2) and 0.1 mM EDTA. After each dilution, the sample was 
equilibrated for 0.5h at room temperature before the CD spectra were 
determined. The equilibration time for this fragment was very short; 95% of 
the transition was obtained after 7 min. (dG-dC), -(dG-dC), was 
synthesized as described previously” '®. The lac 95-base pair fragment was 
also prepared and characterized as described previously?’ (gift of W. Hilen). 
All details regarding the CD measurements are described elsewhere’. 
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and characterizing’ other types of DNA 
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of pBR322 by the general procedures described 
previously '*”**. The preparation and characterization of this 
family of recombinant DNAs will be described in detail else- 
where (J. K. and R. D. W., in preparation). A large number of 
related plasmids were isolated and characterized, many of which 
were unstable; deletions were observed in the (dC-dG) seg- 
ments for plasmids which contained (dG-dC) tracts longer than 
about 40 base pairs (discussed below), but stability was achieved 
with shorter (dG-dC) tracts. One such plasmid (pRW751) was 
chosen for further study. It has the structure shown in Fig. 1 and 
a 157-base pair fragment, excised from it by BamHI and 
sequenced by methods described previously**, was shown to 
consist of the 95-base pair lac fragment flanked by strictly 
alternating dC and dG sequences. 

Figure 1 also shows the structure of a polymer of the 157-base 
pair fragment. This polymer was prepared to internalize the 
(dC-dG) segments and so evaluate the role of free ends in any 
possible transition observed in the 157-base pair fragment. The 
presence of the BamHI sites on the termini of the 157-base pair 
fragment allowed the formation of this polymer. The polymer 
was characterized by Hpall digestion followed by quantification 
of the ‘inside-out’ 157-base pair fragment relative to the amount 
of ‘half molecules’ which are derived from the polymer termini 
(see below). 

Since the first 50-mer of the 157-base pair fragment still 
contained a small amount of (dC-dG) sequence at the termini, it 
could not be used to determine rigorously whether the structural 
transition from a B- to a Z-type structure had to be initiated by 
(dC-dG) segments at the ends of a DNA molecule or whether it 
was possible for a segment of (dC-dG) in the interior of a natural 
sequence to undergo the transition. We therefore produced the 
inside-out 157-base pair fragment shown in Fig. 1 by Hpall 
digestion of the 157-base pair 50-mer. This molecule was 
purified by HPLC on RPC-S (ref. 24) which cleanly separated 
the 157-base pair fragment from the small amount of half 
molecules. Hence, with the inside-out 157-base pair fragment, 
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polymers with simple sequences, was designed to allow the study 
of several important questions regarding the Z-structure, 
including the following: (1) Can Z-DNA exist between flanking 
segments of B-DNA? (2) What length of (dG-dC) is required to 
provide a stable Z-conformation? (3) What are the nature and 
length of the junction between the Z-DNA segments and the 
fianking B-regions? (4) To what extent does the left-handed 
Z-type structure influence the biological and physicochemical 
properties of the neighbouring sequence of random DNA (B- 
structure) or vice versa? (5) As a Z-type conformation is left 
handed, does a B> Z transition influence the tertiary structure 
(supercoil) of a plasmid molecule, and will the presence of 
supercoiling alter the environmental conditions necessary to 
stabilize a Z-type conformation? (6) Do some biological mole- 
cules, such as proteins or small ligands (drugs or carcinogens), 
specifically interact with the Z-form? 


(dG-dC),, in a plasmid and restriction 

- fragments 

re 1 illustrates several of the molecules used in this study. A 
recombinant plasmid (pRW751) was constructed containing an 
insert 157 base pairs long which was generated by ligating the 
95-base pair lac operater~promoter fragment” with a mixture 
of oligomers prepared by digestion of (dC-dG), - (dC-dG), with 
FnuDII. This mixture was ligated into the ‘filled-in’ BamHI site 
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Fig.3 36.44 MHz *'P-NMR spectra of the 157-base pair fragment in 0.5 
and 5.0M NaCl. The spectra represent a fast Fourier transformation of 
4,096 time domain points accumulated following a 90° observing pulse and a 
4,2-s delay. Proton resonances were fully and continually decoupled. 
Exponential multiplication resulting in 0.5 Hz line broadening was applied. 
Integration was done automatically from manually selected regions of the 
line integral display. The displayed signals are upfield relative to external 
0.95 M H,PO,; no corrections for salt effects on the deuterium lock signal 
were made. Temperature was 28+0.2°C. a, 2 mg 157-base pair fragment 
per ml in D-O, 0.5 M NaCl, 10 mM cacodylate buffer pD 7.6 and 0,1 mM 
EDTA, 14,000 accumulations. 4, 2 mg 157-base pair fragment per ml in 
D.O, 5.0M NaCl, 10 mM cacodylate buffer pD 7.6 and 0.1 mM EDTA; 
19,000 accumulations. The area of the downfield and smaller signal is 
~ 20% of the total resonances. The greater line width at high salt in the 
157-base pair fragment could be due to the larger viscosity of the concen- 
trated salt solution, paramagnetic impurities or intermediate phosphorous 
conformations. 


674 


Nature Vol. 290 23 April 1981 





E 
c 
©) 
oO 
N 
Am 
o 
w 
< 


4 
[NaCl] (M) 


230 270 310 
Wavelength (nm) 


Fig. 4 Circular dichroism spectra of the inside-out 157-base pair fragment 

in 2.8 and 5.0 M NaCl. The inset shows the CD changes observed at 250 and 

295 nm as a function of salt concentration. Other details are described in the 
legends to Figs 1 and 2. 


no (dC-dG) segments are on the termini. It is actually a random 
mixture of three molecules 138, 157 and 176 base pairs in length 
which is generated by the in vitro ligation used in forming the 
50-mer. Note that the (dG-dC) segment in the inside-out 157- 
base pair fragment contains the BamHI site in its interior. 

These three fragments contain identical sequences but in 
different arrangements. One additional derivative of pRW751 
that we have studied is a 220-base pair fragment consisting of 
the 157-base pair fragment, flanked by segments of pBR322 
DNA, 37 and 26 base pairs long (Fig. 1). Hence, the (dC-dG) 
sequence is flanked by natural sequences which are longer than 
those for the inside-out 157-base pair fragment. Studies on this 
220-base pair fragment supplemented studies with the 50-mer 
and the inside-out 157-base pair fragment designed to deter- 
mine if the GATC sequence would adopt a Z-type structure or 
would remain in a B-conformation in high salt. The 220-base 
pair fragment differs from the other two DNAs in having 
(dC-dG) tracts which are uninterrupted by GATC. 


Z-type DNA in the 157-base pair fragment 


Figure 2 shows the spectra for the 157-base pair fragment in 1.0 
and 5.0 M NaCl. In addition, the calculated spectra are shown in 
identical conditions for the mixture of the appropriate molar 
ratio of (dC-dG), -(dC-dG),, and the purified 95-base pair 
fragment. In 1.0M NaCl, the 157-base pair fragment shows a 
typical spectrum observed for DNA restriction fragments”; 
there is very close agreement between the observed spectrum 
and the spectrum calculated for the component parts. However, 
in 5.0M NaCl, the spectrum changes markedly, with negative 
CD bands at 293 and 245 nm and a positive band at 268 nm. 
This spectrum agrees well in shape with a calculated spectrum 
but is lower in amplitude at the peaks at 293 and 268 nm (but not 
at 245 nm). This general shape in high salt is a result of a marked 
change in the CD spectrum for (dG-dC), : (dG-dC),, (refs 4-7). 
The discrepancy between the observed CD curve at 5.0 M NaCl 
and the calculated curve indicates that a portion of the (dC-dG) 
arms does not undergo the salt-induced transition to the Z-type 
conformation (discussed below). Also, we conclude that most 
(perhaps all) of the 95-base pair lac segment remains in a 
B-structure. 

The inset in Fig. 2 shows the cooperative nature of the change 
in CD at 295 and 250 nm as expected for the salt-induced B > Z 


a 





change in conformation in the (dC-dG) arms. In contrast, no 
cooperative change is observed in similar conditions for the 
95-base pair lac fragment alone. The midpoint of this transition 
(~ 3.6 M) is substantially higher than for (dG-dC),, < (dG-dC),, 
(~2.5M)*, presumably due to the junction with the lac 
sequence, 

31P.NMR studies were performed to confirm that the 
inversion in the CD spectrum was due to formation of a Z-type 
conformation in the (dC-dG) ends of the 157-base pair frag- 
ment. Figure 3 shows the spectra observed in 0.5 and 5.0M 
NaCl. A single symmetrical peak is observed in the lower salt 
whereas a second resonance, which is 1.45 p.p.m. downfield 
from the main resonance, was observed in 5.0 M salt. This result 
is clearly consistent with previous observations’®’’, which 
documented a splitting of similar magnitude in the phosphorous 
spectrum of the high salt form of (dG-dC),, > (dG-dC),, oli- 
gomers. 

Integration of the peaks in Fig. 3b indicates that approxi- 
mately 20% of the phosphorous resonances are in the second 
small peak which was shifted 1.45 p.p.m. As the (dG-dC) seg- 
ment comprises ~37% of the 157-base pair fragment, this 
suggests that virtually all the (dC-dG) tracts have converted to a 
‘Z-type conformation. The finding that the NMR studies indicate 
transition of a larger percentage of the (dC-dG) sequences than 
is deduced from the CD measurements, may be due to the fact 
that different conformational features of the molecule are being 
investigated. 

Laser Raman spectroscopy studies (in collaboration with 
R. M. Wartell) are in complete agreement with these results. 


Z-type DNA between flanking B-DNA 
segments 


Figure 4 shows the spectra observed in 2.8 and 5.0 M NaCl for 
the inside-out 157-base pair fragment. This molecule is of 
interest because the (dG-dC) segments are totally embodied 
within the 157-base pair fragment; there are no (dG-dC) seg- 
ments at the termini. 

A typical DNA spectrum” is observed for this fragment in 
2.8M NaCl. However, in 5.0M salt the spectrum changes 
substantially. The trend of the changes is in agreement with the 
changes found for the 157-base pair fragment (Fig. 2) but their 
magnitude is less than observed for the 157-base pair fragment 
and less than calculated for the mixture of the 95-base pair lac 
fragment and the (dC-dG) arms. Thus, the two junctions of the 
(dG-dC) segments (at the lac fragment junctions and at the 
BamHI site) clearly diminish the capacity of the (dG-dC) seg- 
ment to undergo the B > Z conformational change. The inset in 
Fig. 4 shows that the observed transitions are cooperative, as 
expected for the B >Z conformational transition. 

Two other fragments were studied which contained (dC-dG) 
segments between two naturally occurring B-DNA segments. 
The polymer containing an average of 50 tandem copies of the 
157-base pair fragment (Fig. 1) was also studied by CD. This 
fragment differs from the inside-out 157-base pair molecule in 
length but not sequence. The CD spectra of this polymer at 2.8 
and 5.0 M NaCl (data not shown) are almost identical to those 
shown in Fig. 4 for the inside-out 157-base pair fragment. Also 
the transition is cooperative, with a midpoint which is identical 
to that found for the inside-out 157-base pair fragment (3.9- 
4.0M). Thus, the length of the molecule has no apparent 
influence on these properties. 

Moreover, the CD properties of the 220-base pair fragment 
(Fig. 1) show the same trends as observed for the inside-out 
157-base pair fragment and for the polymer of the 157-base pair 
fragment, but the magnitude of the change is somewhat less, as 
expected from its smaller (dC-dG) content. The quantitation of 
these transitions and their interpretation regarding DNA struc- 
ture are described below. Because the same type of CD tran- 
sition is observed with the 220-base pair fragment, we conclude 
that the transition is not a function of some peculiarity of the 
other three fragments (157-base pair, polymer of 157-base pair, 
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and inside-out 157-base pair fragments) but is a general pro- 
perty of the (dC-dG) sequence embodied in a natural DNA 
molecule. 


Junction between B- and Z-type 
conformations 


It is possible to calculate the fraction of the (dC-dG) segments 
which are in a Z-type conformation for all the fragments studied 
(Fig. 1), as virtually no CD signal at 295 nm is observed in 5.0 M 
NaCl for the fac 95-base pair fragment. Hence, any negative 
signal observed for the fragments at 295 nm must be due to 
(dC-dG) segments which are transformed into the Z-type con- 
formation. Thus, by comparison with the calculated CD signal 
for the component parts, we can determine the amount of 
2.-type structure, For these calculations, we shall use an average 
of 29 base pairs for the (dC-dG) tracts (average of 26 and 32). 
For the 157-base pair fragments, we deduce that 65% (or 19 out 
of an average of 29 base pairs in each segment) are in a Z-type 
conformation, As each (dC-dG) segment is joined only once to 
the fac 95-base pair segment, 10 base pairs are in a con- 
formation other than Z-type. We believe that these are at the 
junction of the (dC-dG) segment and the lac 95-base pair 
fragment. 

For the inside-out 157-base pair fragment, 36% (or 10 base 
pairs out of an average length of 29) are in a Z-type con- 
formation. As the (dG-dC) segment interfaces at both ends with 
a random type sequence, 19/2 = 9.5 base pairs (or 10 base pairs) 
constitute the junction region. This, of course, presumes that the 
GATC BamHI site disrupts the Z-type conformation of the 
(dG-dC) tract. 

For the polymer of the 157-base pair fragment, 14% (or 4 
base pairs out of an average of 29) are in a Z-type conformation. 
As the (dC-dG) region in this polymer also interfaces at both 
ends with random DNA sequences, 25/2 =12.5 base pairs 
constitute each of the junction regions which are not in a Z-type 
conformation. Similarly, for the 220-base pair fragment, 16% (5 
base pairs out of an average of 29) are in a Z-type conformation, 
leaving a junction region of 12 base pairs. 

Thus, the length of the junction regions for all four molecules 
ranges from 9.5 to 12.5 base pairs. The remarkable consistency 
in the length of this region implies the necessity for a transition 
region of ~ 11 base pairs from a B-conformation to the Z-type 
structure. The structure of this intermediate region (approxi- 
mately one turn of helix) is unknown. Wing et al.*® have deter- 
mined the crystal structure of d(CGCGAATTCGCG): their 
finding that the CGCG termini are not in a Z-structure is 
consistent with our results. 

These calculations make several assumptions, including the 
following: (1) The CD signal from the segments of lac and 
pBR322 DNA in these restriction fragments is the same as for 
the 95-base pair segment alone. That is, the conformation of the 
natural sequences as judged by CD is not influenced by their 
junction to Z-type DNA. (2) The GATC which comprises the 
BamHI site is not ina Z-type conformation when the surround- 
ing (dC-dG) tracts are in a Z-type structure for the cases of the 
polymer of the 157 base pairs and the inside-out 157-base pair 
fragment. (3) The junction regions (9.5-12.5 base pairs in 
length) of (dC-dG) residues which are not in a Z-type con- 
formation give no CD signal at 295 nm. 


Z-DNA in a supercoiled plasmid 


it was of interest to determine if a Z-type conformation can exist 
within a covalently closed and circular DNA. On the basis of 
previous studies on supercoiled DNA, it is logical that a B> Z 
-transition in a (dC-dG) segment should alter the number of 
supercoil turns in a plasmid DNA because the supercoil number 
is dictated by the specific linking difference which is sensitive to 
conformational changes in the primary helix (reviewed in refs 
27, 28). 

pRW751 was a suitable molecule for studying this question. 
The total length of (dC-dG) sequences in pRW751 is 58 base 
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pairs or 1.3% of the length of the total recombinant plasmid 
(4,516 base pairs). The unwinding of one turn of primary helix 
removes one right-hand supercoil. In addition, each turn of 
left-handed primary helix which is induced will also remove one 
right-hand supercoil. Thus, we can calculate that a complete 
transition of 58 base pairs of (dC-dG) from Bo~Z would 
theoretically remove 10.3 supercoils from pRW751 (58/10.4 
base pairs per turn + 58/12 base pairs per turn = 10.3), 

We have established conditions for running agarose gels in 
NaC] solutions up to 5.0 M (Fig. 5) to determine the number of 
supercoil turns ina DNA. pRW451 served as a control for these 
electrophoresis experiments as it is identical to pR W751 apart 
from containing a 174-base pair insert (formerly a Hhal frag- 
ment of pBR322 DNA which contains 54% G+C) instead of 
the 157-base pair insert in pRW751. This 174-base pair insert 
does not contain unusual sequence features or stretches of 
(dC-dG) sequence’’, 

Figure 5 shows the gel electrophoresis patterns observed for 
pRW451 and pRW751 in 3.0 and 4.5 M NaCl. In 3.0M, the 
partially relaxed family of topoisomers for both DNAs co- 
migrate (lanes a and b). For both DNAs in these electrophoresis 
conditions, the family ranges from approximately five right- 
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Fig. 5 High salt gels on supercoiled plasmids. Monomeric supercoiled 
pRW751 was separated from higher forms (such as dimer, tetramer) by 
HPLC on RPC-5 usinga 1.5 mm x 20-cm column at 43 °C. Elution was with 
a 0.65-0.8 M KCI gradient using the general techniques described pre- 
viously”, pRW451 contains the 174-base pair Hhal fragment from pBR322 
cloned into the filled-in BamHI site of pBR322 (G. D. Staffeld and 
R. D. W., unpublished), pRW451 was isolated in a similar manner. Partially 
relaxed pRW751 and pRW451 were prepared by treatment with wheat- 
germ topoisomerase (gift of R, R. Burgess). Reaction mixtures (100 pi 
contained 20 ug DNA and 8 wg enzyme in 50 mM Tris-HCI pH 7.6, 0.1 mM 
dithiothreitol, 10 mM MgCl, and 2.5 mM spermidine. The reaction was for 
30 min at 37°C which gives a terminal reaction product of right-handed 
supercoiled topoisomers. The unrelaxed and partially relaxed plasmids were 
electrophoresed through 1% agarose gels with a buffer of 80 mM Tris-HCl, 
40 mM sodium acetate, 4.4 mM disodium EDTA and 0.525 M acetic acid, 
all at pH 8.3, plus either 3.0 or 4.5 M NaCl. The gels were 8 om x 14 cm x 
Imm. The DNA samples were equilibrated in a loading buffer identical to 
the electrophoresis buffer but with an identical molarity of NaClO, substi- 
tuted for NaCi and 0.05% bromophenol blue added. The gels were elec- 
trophoresed for 36 h at 25 V for the 4.5 M NaC] gel and 20 V for the 3M 
NaCl gel. The gels were desalted by soaking in water for 10 min and then 
stained with 100pngml"' ethidium bromide. Abbreviations are: UM, 
unrelaxed monomer; N, nicked nomomer; UD, unrelaxed dimer; RD, 
relaxed dimer. The following samples were electrophoresed in the desig- 
nated lanes: a, partially relaxed pRW741, b, partially relaxed pRW451;: e, 
unrelaxed pRW751, d, unrelaxed pRW451, Resolution of fully relaxed 
plasmid from supercoiled DNA containing +1 or — | supercoils is difficult in 
these conditions. Similarly, the logarithmic nature of topoisomer migration 
prevents the resolution of individual bands for topoisomers containing 
~ — 10 supercoils. 
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handed supercoil turns to fully relaxed DNA (the exact number 
of supercoil twists is uncertain due to our inability to resolve 
topoisomers near the fully relaxed position, but we believe that 
this number is accurate within at least + 1). This experiment was 
performed with plasmids which were partially relaxed with 
topoisomerase to obtain better resolution of the family of 
topoisomers and thus enhance our ability to detect smaller 
changes in supercoil number. Figure 5, lanes c and d, shows that 
the unrelaxed plasmids co-migrate in 3.0 M NaCl. 

When similar studies were done in 4.5 M NaCl, no change was 
observed for the migration pattern of the partially relaxed 
control plasmid (pRW451) (Fig. 5, lane b). However, Fig. 5, lane 
a, shows that all the topoisomers for pRW751 co-migrated in 
these conditions at the fully relaxed position. Thus, a less of as 
many as five supercoil turns was observed, but there was no 
apparent generation of left-handed supercoil twists. 

This striking result clearly demonstrates that a salt-induced 
structural change occurred in pRW751 which had a dramatic 
influence on the supercoil number, and is consistent with a 
conformational transition from B- to a Z-type structure for at 
least a portion of the (dC-dG) tracts in pRW751. 

A small difference was observed in the migration of pRW451 
and pRW751 at 4.5 M NaCl (Fig. 5, lanes c, d). Based on our 
experience with topoisomer migration patterns, we believe this 
difference is equivalent to a loss of four to eight supercoil turns. 
However, the relatively poor resolution of topoisomers of high 
superhelical density makes precise quantification difficult, 
especially in these electrophoresis conditions. 

Electrophoresis studies were performed on the partially 
relaxed plasmids at several salt concentrations between 3.5 and 
4.0 M in addition to those shown in Fig. 5 to determine the 
degree of cooperativity. At salt concentrations of 3.5 M to at 
least 4.0M, the topoisomers with more supercoil turns 
decreased in supercoil number at lower salt concentrations than 
topoisomers with fewer supercoil turns, suggesting that super- 
coiling contributes a favourable free energy to the B- to Z-type 
transition. 

Thus, the studies with both the partially relaxed and 
unrelaxed plasmids indicate an unwinding of about five super- 
coil turns (conceivably not fewer than four and not more than 
eight) in 4.5 M NaCl. In the calculations described above, if the 
entire (dC-dG) segment in pRW751 converted from a B>Z 
conformation, we should have observed a loss of 10.3 supercoil 
turns. As this large an effect was not observed, the entire length 
of the (dC-dG) segments may not be in a Z-type structure, as 
predicted from the CD results. 


Conclusions 


Circular dichroism and *’P-NMR studies on fragments show 
that the (dC-dG) segments undergo a cooperative transition to a 
left-handed conformation in the presence of high salt. The 
natural sequences from the lac operon and pBR322 do not 
appear to convert to a left-handed conformation. In all cases a 
junction of ~11 base pairs seems to exist between the left- 
handed conformation and B-DNA which is in neither a Z-type 
nor a B-conformation but must be intermediate in nature. 

Moreover, electrophoretic analyses of plasmids containing 
the (dG-dC) sequence demonstrate a cooperative transition 
from a right-handed conformation to a left-handed Z-type 
structure. The presence of the (dG-dC) segment in the amount 
of 1.3% of the recombinant plasmid is sufficient to have a 
profound influence on the supercoil properties of the DNA. 
These observations are consistent with prior determinations on 
the extreme flexibility of the DNA chain (see ref. 30, reviewed in 
ref. 1). 

Recombinant plasmids related to pRW751 commonly 
showed deletions in the (dG-dC) tracts, a type of behaviour 
unprecedented in our experience with a substantial variety of 
cloning studies'''*?*747!?| It seems that (dG-dC) segments 
longer than ~ 40 base pairs may not be stable in Escherichia coli 
(J. K. and R. D. W., unpublished). 
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Biological implications of left-handed DNA 


The demonstration that different segments of one DNA chain 
can co-exist with conformations as different as a right-handed 
B-helix and a left-handed Z-type structure may have profound 
implications for the role of DNA structure in regulatory proces- 
ses. Whereas this is not the first implication of DNA con- 
formations and properties as important components in gene 
regulation or of left-handed DNA structures (reviewed in ref. 1), 
it is the first clear demonstration of left-handed DNA which is 
adopted by a naturally replicating molecule and by portions of 
restriction fragments isolated from that plasmid. 

A segment of left-handed DNA in a viral or cellular DNA 
which is principally comprised of right-handed conformations 
would be an easily recognizable locus for binding of specific 
proteins or ligands” due to the dramatic difference in con- 
formation. Moreover, the short region (approximately one turn 
of helix) at the interface between the B- and Z-conformations 
probably consists of intermediate structures which would also 
provide unique interaction contacts for ligand binding. 

Our studies demonstrate that changes in the conformation of 
the primary helix in as little as 1.3% of pRW751 can profoundly 
influence its supercoil structure. Thus, conformational tran- 
sitions in tiny portions of a chromosome can have large effects on 
the overall topography of a genome. As the extent of supercoil- 
ing has differential effects on the transcription properties of 
different genes (reviewed in ref. 1), this implicates confor- 
mational transitions in the primary helix as a genetic regulatory 
mechanism. 

Our results clearly demonstrate that the cooperative salt- 
induced transition can be initiated within a polynucleotide 
chain. It is possible that a smooth and nondisruptive transition 
may be sterically and energetically feasible between B- and 
Z-conformations, as shown? for the interface of B- and 
A-structures. 

It is uncertain if appropriate natural sequences, in fact, 
undergo a transition to a Z-structure in vivo. However, several 
microorganisms (for example, halobacteria) as well as crustacea 
have high intracellular salt concentrations. Moreover, agents 
other than high salt may effect the B > Z transition in vivo. 

Do sequences exist in viral or cellular DNAs which can adopt 
a left-handed conformation? We are unaware that a long tract of 
perfect (dG-dC) has yet been found in a duplex DNA. However, 
7-base pair lengths of this sequence are found in a hairpin region 
of four related parvovirus genomes (reviewed in ref. 1). 
Moreover, a number of related repeating dinucleotide 
sequences have been found”, 
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Several species related to Drosophila melanogaster have two loci containin g sequences which code for the major heat-shock 
protein of molecular weight 70,000 (hsp70). These sequences are arranged as two pairs of inverted repeats. The structure of 
the 87C locus in D. melanogaster seems to have arisen through DNA insertion. Hsp 70-coding sequences at the two loci are 
not evolving independently. Gene conversion between hsp70 genes has apparently occurred both within and between loci. 





IN higher eukaryotes, a single enzymatic function is frequently 
encoded at more than one locus. The duplicated loci need not be 
closely linked but are likely to derive from a single ancestral 
locus. A second form of gene reiteration is the presence of 
tandem arrays of repeated genes, for example ribosomal DNA 
and 5S genes. We have studied the evolution in Drosophila of a 
gene system showing both styles of duplication for which 
detailed molecular analysis is possible. Several features have 
emerged which suggest that classical views on mutation and 
evolution in such systems are inadequate. 

Exposure of Drosophila tissue to a temperature of 37°C 
activates a characteristic set of about nine chromosomal puffs 
and also induces the synthesis of a new set of about nine proteins 
{reviewed in ref. 1). As the heat shock inhibits previous RNA 
and protein synthesis, the resulting pattern of macromolecular 
synthesis is greatly simplified. Several laboratories have used 
heat-shock mRNA to select cloned genomic DNA fragments 
that encode the major 70,000-molecular weight heat-shock 
protein (hsp70). Such DNA fragments have been localized to 
two heat-induced puffs (87A and 87C)*“*. This has been 
confirmed by genetic analysis using mutations that delete one or 
other locus. In this way, the two hsp70-coding loci were mapped 
to the single bands 87A7 and 87C1 (ref. 5). The sibling species 


Drosophila simulans also makes a 70,000-molecular weight 
heat-induced protein®, and in situ hybridization shows that it too 
is encoded at two loci, 87A and 87C (ref. 2). A second type of 
heat-induced sequence, called ‘aß’ sequences, is found at 87C1 
but not at 87A7 in D. melanogaster’. These sequences seem to 
be absent at both hsp70 loci in D. simulans, although, like D. 
melanogaster, they are found at the chromocentre?. 

The arrangement of hsp70-coding sequences in D. melano- 
gaster has been elucidated by use of cloned DNA sequences. 
The total number of hsp70 genes varies from five to about eight 
according to genotype, there being two copies at 87A7 and three 
to five at 87C1 (refs 8-10). (In this discussion, ‘gene’ refers to an 
mRNA-coding element and adjacent conserved sequences. 
‘Locus’ designates the cytogenetic origin, that is, 87A7 or 
87C1.) Each of the hsp70 genes seems to be organized within a 
2.5-kilobase conserved element (z), comprising the 2.1-kilo- 
base mRNA-coding region (z,) and the 400 5’-terminal bases 
that are not transcribed (z,.)°""""''. Nevertheless, the z elements 
at 87A7 and 87C1 differ by some characteristic restriction 
sites?!” 

Studies on gene arrangement at the hsp70 loci have shown 
that the two hsp70 genes at 87A7 are about 1.7 kilobases apart 
(Fig. 1) in an opposite orientation®'?*. The copies at 87C1 are 
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Table 1 Comparison of 87A and 87C heat-shock loci in D. melanogaster, D. simulans and D. mauritiana 
REEERE : EE E E eel Ve T S ICE N ee eT eee eee 
Restriction sites in common and nucleotide substitution per site (8) 


Total no. of restriction 


With D. melanogaster 


With D. simulans 


sites used in comparison Sites Var (8) Sites ô Var (8) 
D. melanogaster 
Protein coding 26 
Non-coding 39 (D. mauritiana) 
37 (D. simulans }) 
D. simulans 
Protein coding 24 22 0.0213 0.000152 
Non-coding 38 (D. mauritiana ) 31 0.0295 0.000145 
37 (D. melanogaster} 
D. mauritiana 
_.. Protein coding 24 22 0.213 0.000152 24 0.00 
Hes Non-coding 34 (D. melanogaster) 30 0.327 0.000165 30 0.0257 0.000132 


32 (D. simulans ) 
nananana 
Division of the hsp70 genes into protein-coding and non-protein-coding regions was made from ref. 35. The protein-coding region includes the 
3’-terminal Sail sites and the 5’ Bell sites. It does not include the 5’ Pstl, Sall or EcoRI (D. mauritiana ) sites. The total number of restriction sites is the 
number of sites in one species which could have been detected in a second. This number varies in different comparisons because only the restriction 
Sites closest to the z elements could be mapped. The mean frequency of nucleotide substitution and its variance (Var 5) were estimated after Nei and 
Li’, 
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Fig.1 Organization of hsp70-coding loci. DNA extraction, purification, digestion and electrophoresis were as described previously®*?., DNA 
was prepared from adult flies of inbred strains of D, simulans and D. mauritiana obtained by single pair matings for several generations. The 
DNA was analysed by the technique of Southern? as adapted by Wahl et al**. The organization of hsp70-coding loci in D. melanogaster is 
redrawn from ref. 13. (The region depicted in the inset at the 87C1 locus is not drawn to scale.) The hsp70-coding sequences in our inbred strains 
of D. simulans and D. mauritiana were positioned and oriented at the cytogenetic loci using two locus-specific probes. Plasmid 56H8/C is 
derived from plasmid 56H8 (ref. 16) and contains a subcloned SalJ~EcoRI fragment that lies just downstream of the distal hsp70 gene at 87A7, 
This probe hybridizes only to restriction fragments of D. melanogaster known to come from 87A7 (data not shown). It allows us to visualize 
restriction fragments from 87A7 and to orientate the 87 A7 restriction maps on the chromosome. Similarly, plasmid $2A is derived from a cosmid 
clone cHS2 bearing two tandem genes from the distal region at 87C1 in D. melanogaster (A. Udvardy, personal communication). We have 
subcloned the Sall-EcoRI fragment immediately downstream from the most distal z element of CHS2, making a probe specific for 87C1. The z 
elements whose 3’-adjacent DNA sequences hybridize to these probes are aligned in the figure. Note that the designation of the homologous 
genes as ‘proximal’ and ‘distal’ is inappropriate in D. simulans and D. mauritiana because of the large inversion on this arm of the third 
chromosome which is found in these species’. To avoid confusion only the D. melanogaster restriction maps have been thus labelled. 
| kb, Kilobase. 
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present in two domains, a single proximal sequence separated 
from tandem distal sequences by about 38 kilobases containing 
the af heat-induced sequences”? (Fig. 1). 

In this article we compare the gene organization of hsp70 
sequences in three closely related species, D. melanogaster, 
Drosophila mauritiana and D. simulans, which show very 
similar polytene chromosome banding patterns'*. We deduce 
the probable ancestral organization, and use the restriction 
maps to estimate the frequency of nucleotide substitution 
between the species. We also find that the hsp70 genes within a 
species are much more alike than would be expected if they were 
evolving independently. This suggests that there is gene con- 
version both within and between hsp70 loci and we discuss a 
possible mechanism by which this could occur. 


Organization of hsp70-coding sequences in 
D. simulans and D. mauritiana 


Hsp70 genes of D. simulans and D. mauritiana are found at two 
loci, 87A and 87C, as in D. melanogaster (ref. 2; S. M. Pinchin, 
personal communication). We have studied their organization in 
adult fly DNA using the transfer hybridization method of 
Southern’*. Figure 1 shows the restriction maps of the hsp70 loci 
of D. simulans and D. mauritiana. The maps reveal that the 
hsp70-coding regions lie within a conserved z element, as in D. 
melanogaster. In particular, the XbaI and Xhol restriction sites 
characteristic of z,, are conserved, strengthening the idea that 
Z a Is important for hsp70 expression’. In Fig. 2 we show certain 
restriction digests that establish the conservation of z elements 
and others that demonstrate the presence of four coding 
sequences in these species. Our D. simulans and D. mauritiana 
stocks did not show the variation in hsp70 gene number that is 
found in D. melanogaster, but we have not examined other 
independent lines. 

Both hsp70 loci of D. simulans and D. mauritiana have the 
same organization—two hsp70 genes in opposite orientations 
(Fig. 1). We have demonstrated the presence of inverted-repeat 
hsp70 genes by the presence of S, nuclease-resistant genes in 
denatured genomic DNA (Fig. 2C). We find two S,-resistant 
(‘snapback’) bands of 2.6 and 2.8 kilobases which include the 
whole z element. [The absence of an Xhol site in an 87C gene of 
D. mauritiana is due to a restriction site polymorphism 
(A.J.L.B., unpublished data).] This orientation is confirmed by 
digestion of chromosomal DNA with the restriction enzyme 
SacI which cuts every hsp70 gene near the 3’ end*'*. Only a 
single 5.3-kilobase band is found (Fig. 2C), showing that the 
genes are paired and the same distance apart. 


Fig. 2 A, Hsp70 genes are arranged in a z 
element in D. mauritiana and D. simulans. 
Autoradiograms of transferred agarose gels 
were hybridized with the plasmids pPW232.1 
and pPW229.1, probes for the 5‘ and 3’ halves 
of the hsp70 gene respectively’. In lanes m are 
molecular-weight markers of size indicated in 
kilobases, In lanes a-c, D. mauritiana DNA 
has been digested with a, Xbal/BamHI 
(pPW232.1); b, Xbal/SacI (pPW232.1): c, 
BamHI/Sacl (pPW229.1). B, There are four 
copies of hsp70-coding sequences in D. mauri - 
tiana and D. simulans. d, An Xbal/Bglll digest 
of D. mauritiana DNA probed with 
pPW229.1. D. simulans gives identical 
patterns with all the above digests. C, ‘Snap- 
back’ hsp70 genes in species related to D. 
melanogaster. Lane e contains a SacI digest of 
D. mauritiana DNA (an identical pattern is 
obtained with D. simulans). In lanes f-i, DNA 
was denatured, reannealed and digested with S, 
nuclease exactly as described previously”, 
before electrophoresis and transfer hybridiza- 
tion to plasmid pPW229.1. Lane f is D. teisseri, 
g is D. yakuba, h is D. simulans, and i is D. 
mauritiana. 








Evolution of the organization of hsp 
genes in Drosophila 


The members of the D. melanogaster subgroup are closely 
related. A previous study on the polytene chromosome banding 
patterns has suggested that D. simulans and D. mauritiana are 
more closely related to each other than to D. melanogaster *. 
Two more distantly related species, Drosophila teisseri and 
Drosophila yakuba, also have two pairs of hsp70 genes both 
arranged as inverted repeats (Figure 2C ). This indicates that this 
was the ancestral organization which existed at both 87A7 and 
87C1 before the separation of D. melanogaster from the other 
species. 

The 87C1 locus in D. melanogaster is very different from all 
the other hsp70 loci (Fig. 1)’*. It must have arisen through DNA 
insertion between the two diverging hsp70 genes of the ancestral 
locus. The intervening region between hsp70 domains at this 
locus is very large and contains many repeated sequences, 
including the a and 8 elements which are also found at the 
chromocentre and some other sites’. The a and B elements are 
also present at the chromocentre in D. simulans? and so may be 
presumed to have been present before the speciation of D. 
simulans and D. melanogaster. As the chromocentral a and B 
elements of D. melanogaster are non-adjacent’®, it would 
require at least two events to introduce continguous aß ele- 
ments at 87C1. 

Insertions between the two hsp70 genes at 87A7 seem to be 
common in D. melanogaster. The 56H8 clone of Sched et al.” 
derives from this locus and contains a dispersed repetitive 
sequence between the two hsp70 genes'*. Other changes in the 
Structure of the 87A7 locus in chromosomes derived from 
natural populations seem to be due to independent events of this 
type (A.J.L.B., unpublished observations). After heat shock the 
inserted aß elements are transcribed from 87C1 but no other 
sites to give an abundant polyadenylated RNA“, Thus the 
sequence rearrangements at 87C1 have resulted in activation of 
previously unexpressed a8 sequences, although the transcripts 
do not seem to be essential for viability or fertility’? '°. This 
suggests that DNA rearrangements during evolution may be 
responsible for more rapid change in gene function than base 
substitution. 


Nucleotide substitution at the hsp70 loci 


We can study the evolution of the hsp70 loci using the restriction 
maps (Fig. 1) to estimate the rate of nucleotide substitution. This 
is possible because the three maps are independently derived 
and the two loci were distinguished using locus-specific probes, 
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Hes Drosophila species. The 5° 
wy al and 3’-terminal Sall 
cated and the distribution of 
dle sites shown. Within a locus z 
G. ts are identical unless otherwise 
indiwated. To estimate the probability of 
parallel change in a restriction site in both 
members of a pair of z elements (see text), 
we calculated the proportion of restriction 
sites conserved between homologous z 
elements in D. melanogaster and each of 
the other two species *”. (Independent 
evidence suggests that D. simulans and 9h 
D. mauritiana are more closely related to Xba Pst Bgl! 
each other than either is to D. melano- Theel 
gaster'*.) The four proportions were 
pooled to give an overall estimate of the 
mean number of restriction sites con- 
served of 0,828. The probability that a 
given site is different in two homologous z 
elements is thus 1~0.828=0.172, and 


Tkb 


site differences _ 87A 


Xho 
RB Sal Ball Xba Sal 
} g 





hi aa a a 


Xho 87C 
Xbai Pst Xba Sal 
5) | ae a oe PET 3 


D. melanogaster 


Sal Xba Ball Sal 
= 


D. simulans 


Xho Pst 
Sal aBa] | RI Ball Sai 


D. mauritiana 


Xba Bgil Sal 
EENE A OEA AEA AARE. 


the probability that the same change occurred independently in a pair of sequences is 0.0297 (=0.1727). We have found six examples of parallel 
change in 36 comparisons of restriction site pairs (P = 0.00062). kb, Kilobase. 


not restriction-site homology. Comparison of hsp70 genes from 
87A and 87C in D. melanogaster has shown that the non- 
protein-coding regions have divérged much more than the 
protein-coding regions''’°. Presumably, the latter are con- 
strained by the need to retain protein function. We have there- 
fore considered the nucleotide substitution of the region coding 
for hsp70 protein separately from that of the surrounding 
sequences (Table 1). 

We can use the degree of nucleotide divergence to estimate 
the rate of substitution for the non-protein-coding regions. 
Carson” has described a correlation in Hawaiian Drosophila 
between estimated divergence time and genetic distance based 
on frequencies of enzyme variants. The genetic distance 
between D. simulans and D. melanogaster’? would suggest a 
divergence time of about 1 x 10° generations. We estimate the 
degree of nucleotide substitution in non-coding DNA to be 0.03 
per nucleotide (Table 1). This is equivalent to a rate of nucleo- 
tide divergence of the order of 3x10 per nucleotide per 
generation. Although estimations of divergence time are subject 
to large errors, we note that this rate is consistent with estimates 
for primates (approximately 1x10 per nucleotide per 
generation) obtained from the measurement of melting points of 
interspecific hybrid DNA molecules***’. 


Intra-locus gene conversion 
between z elements 


We have remarked previously that z elements from the same 
locus have similar restriction maps in D. meianogaster and 
suggested that this may imply an intra-locus correction 
mechanism*, We now have supporting data on z elements at six 
hsp70 loci. There are six examples of parallel change in a 
particular site in both z elements at the same locus [Fig. 3; PstI 
(87A D. melanogaster); Sall, Bgl (87C D. melanogaster); PstI 
(87C D. simulans), and the 3’ Xbal sites at 87A and 87C in D. 
melanogaster which we discuss in more detail later]. We have 
estimated the probability of a restriction site changing 
independently in both members of a pair of z elements to be 
0.0297 (see Fig. 3 legend). The probability of making such an 
observation six times or more in 36 comparisons is 0.00062. 
Clearly, the loss of restriction sites in both z elements at a locus 
cannot be independent and we believe that a mechanism is 
operating which corrects sequence differences that arise 
between members of a z pair. Three intra-locus restriction site 
differences occur at the 87C1 locus of D. mauritiana. Presum- 
ably these have arisen since the last conversion event. 
Observations have been made on vertebrate globins which 
have led to similar conclusions. Duplicated human a-globin 


sequences are considerably more similar than expected from the 
observed species divergence****. These sequences are arranged 
in tandem, and it has been suggested that repeated rounds of 
unequal crossing-over could explain the observed sequence 
similarity. This is supported by the discovery of rare variants 
with three a-globin sequences in tandem**. However, unequal 
crossing-over cannot act on inverted repeat sequences. We 
consider a different mechanism to explain the sequence homo- 
geneity we have observed between z elements within hsp 70 
loci. 

Figure 4 illustrates our proposed mechanism, which is based 
on previous models, to explain gene conversion during 
meiosis’”:”*, Occasional folding back of a chromosome would 
bring the two z elements in a locus close together in the same 
orientation. Strand exchange occurring between proximal and 
distal genes combined with base-mismatch repair could lead to a 
locus containing a pair of similar z elements. Although Fig. 4 
shows symmetric strand displacement, asymmetric exchange 
will also lead to sequence transfer between proximal and distal 
genes. The extent of gene conversion will depend on the length 
of branch migration so that it need not lead to exact similarity 
between sequence pairs. Note that unequal crossing-over 
cannot explain such incomplete exchange. A possible 
consequence of this model is the inversion of the DNA region 
between the two genes if the two sets of strand breakages occur 
on opposite strands (Fig. 4C, D). A similar mechanism could 
also operate between tandem genes except that symmetric 
exchange would give rise to deletions. Indeed, an intra- 
chromosomal recombination mechanism in Drosophila has been 
proposed to explain the reversion of certain tandem duplications 
at the Bar and Beadex loci in the absence of meiotic recom- 
bination and sister-strand exchange*”*'. We note that gene 
conversion has recently been invoked to explain discontinuities 
in sequence conservation found between human ^y- and °y- 
globin genes”. 

Presumably, the likelihood of gene conversion will depend on 
the distance between the two genes. Thus, one would expect the 
frequency of intra-locus exchange to be greatly diminished by 
the insertion of the large aB-containing region into the 87C1 
locus of D. melanogaster. Sequence comparison between gene 
pairs at 87A7 would allow an estimate of the rate of exchange 
between two closely spaced hsp70 genes. If the insertion of the 
aß domain into the 87C1 locus causes a dramatic reduction of 
intra-locus conversion, the rate of nucleotide substitution 
between proximal and distal hsp70 genes will rise. Deter- 
mination of the degree of sequence divergence between proxi- 
mal and distal hsp70 genes at 87C1 in D. melanogaster will allow 
estimation of the time of insertion of the aB domain. 
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Sequence homogeneity between z elements 
from different loci 


In a recent study**, cloned hsp70 coding sequences derived from 
D. melanogaster were hybridized to the polytene chromosomes 
of the unrelated species Drosophila pseudoobscura. This 
revealed two linked sites of sequence homology at heat-induced 
chromosome puffs. These are located on chromosome 2 in D. 
pseudoobscura which corresponds to the chromosome arm (3R) 
in D. melanogaster that contains the hsp70 loci. This suggests 
that the duplication event which gave rise to two hsp70 loci is 
very ancient, the obscura and melanogaster lineages probably 
diverging in the early Oligocene some 35 x 10° yr ago™*. Despite 
this long separation the z elements of the two loci are very 
similar. 

Comparison of the z elements in the three species studied 
shows no greater divergence between the two hsp70 loci than 
that between species at one locus (Fig. 3). In particular, only one 
restriction site differentiates z elements from the two loci of D. 
simulans. This suggests that a ‘correction’ mechanism is acting 
between the two hsp70 loci, despite their being about 500 
kilobases apart. Further evidence of such sequence exchange 
comes from the distribution of Xbal sites in the z elements. 

All z elements in D. melanogaster have an Xbal site some 300 
bases upstream from the terminal SalI site*!'5, This site is 
absent from all copies in D. simulans and D. mauritiana. Three 
alternative origins of this distribution can be envisaged: (1) the 3' 
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Fig. 4 Mechanism for intrachromosomal gene conversion. Filled 
boxes indicate coding sequences, transcribed in the direction of the 
arrow head, and empty ones the complementary sequences. 
Arrows indicate the sites of DNA strand breaks. The letters a, b 
and c indicate the orientation of the intergenic region. A, hsp70 
. gene alignment; B, double-stranded hairpin loop formation; C, 
-> strand displacement and exchange with two possible secondary 
sites of strand breakage; D, the two products. DNA repair will 
correct the base mismatch at the proximal and distal genes in the 
same direction in a proportion of these events. Note the inversion 
of the intervening markers in D(2). The mechanism depicted 
would operate as readily between sister chromatids as between 
sequences on the same chromatid. Indeed, a version which con- 
verts between paired homologues during meiosis can be envisaged. 
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Xbal site was present in the ‘ancestral’ z element and was lost 
from all copies in the lineage which led to D. simulans and D. 
mauritiana. (2) The loss of this site is the result of site-specific 
DNA modification rather than a coincidental change in the 
primary structure of the DNA of all z elements in D. simulans 
and D. mauritiana. (3) The 3' Xbal site arose in a z element at 
one locus in D. melanogaster, spread through that locus by an 
intra-locus conversion mechanism and then to the other hsp70 
locus by an inter-locus gene conversion event. 

We have data which seem to rule out the first two possibilities. 
First, none of the slightly more distantly related species, D. 
teisseri, D. yakuba or Drosophila erecta, has a 3' Xbal site in its z 
elements (A.J.L.B., unpublished observations). According to 
the first scheme, one or more of these would also be likely to 
have retained this site, as they are no more closely related to D. 
simulans than to D. melanogaster. 

We have examined the possibility of base modification by 
analysing the z elements of D. melanogaster/D. simulans hybrid 
flies, and find that none of the sequences derived from D. 
simulans has a 3’ Xbal site and all those from D. melanogaster 
are cut by Xbal (codominant inheritance). It is unlikely that the 
lack of a 3’ Xbal site in species other than D. melanogaster is due 
to a DNA modification system, although we cannot completely 
exclude an enzyme active only on previously modified sites. 

The third alternative remains: that gene conversion events 
occur between the two hsp70 loci as well as within a locus. These 
must be rarer than intra-locus exchanges because we have found 
only one hsp70 locus with dissimilar hsp70 genes whereas the z 
elements differ between 87A and 87C1 in all three species 
studied. The relative rarity of inter-locus exchange reflects the 
lower likelihood of synapsis between non-adjacent genes. 
Although we cannot directly determine the frequency of gene 
conversion between the two hsp70 loci, we can estimate the time 
of the most recent exchange. The non-protein-coding sequences 
in z at 87A7 and 87C1 have diverged by 15% '°”°. This greatly 
exceeds our estimate of the degree of nucleotide divergence in 
noncoding DNA between these species (Table 1), indicating that 
the last complete conversion between the sequences at 87A7 
and 87C1 greatly predated the separation of D. melanogaster 
and D. simulans. The conversion of the 3’ Xbal site in D. 
melanogaster that must have occurred after speciation illustrates 
that conversion events need only exchange parts of the hsp70 
gene. Recently, Scherer and Davis have demonstrated** gene 
conversion in yeast between unlinked his3 genes associated with 
the yeast transposon, Ty1. Evidence for gene conversion events 
between unlinked suppressor genes in Saccharomyces pombe 
has also been reported”. 

The best characterized precedent for gene conversion 
between distant loci is the switching of mating type in yeast . 
where conversion of the mating-type locus MAT by normally 
silent copies at HML and HMR has been demonstrated 
genetically and biochemically***°’. Attempts to detect extra- 
chromosomal mating-type sequences were unsuccessful**. The 
alternative model involves conventional recombinational 
mechanisms and resembles an inter-locus version of our model 
for intra-locus exchange*®*'. We believe that the mechanisms of 
intra- and inter-locus conversion of hsp70 genes are similar and 
differ mainly in frequency. Our results clearly indicate that these 
frequencies are sufficient to be of considerable evolutionary 
significance, 
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Detection of low order p-modes 
in brightness fluctuations of the Sun 


Franz-Ludwig Deubner 


Institut fur Astronomie und Astrophysik, 8700 Wurzburg, FRG 


The discovery of radial and non-radial global oscillations of the 
Sun through various types of detector systems has opened the 
field of solar seismology. Of particular importance for studies of 
the deep interior of stars are the detection and analysis of low 
harmonic order pulsations such as the low order p-modes 
recently found on the Sun‘” by line shift measurements. These 
pulsations have now also been detected in the solar brightness 
fluctuations. Through the reflected light of Uranus and Neptune 
the Sun was observed as though it were a distant star. The 
positive results suggest that broad-band photometry has the 
greatest potential for developing seismometry of main sequence 
stars. 

High overtone pulsations of the Sun, both radial and non- 
radial (but with low degree /), discovered through line shift 
observations of the integrated solar disk by means of a potas- 
sium resonance spectrometer, have been reported by Claverie et 
al.’ and confirmed with similar instrumentation operated at the 
South Pole station by Fossat? and his colleagues (also see ref. 3 
for review). The excellent solar results available suggest that this 
type of measurement should be extended to main sequence stars 
and other ‘nonvariables’. However, because of the lack of 
photons, the sensitivity of the kind of equipment necessary to 
select a narrow-band spectral region for line shift analysis is 
barely sufficient to resolve motions with anticipated amplitudes 
smaller than a few metres per second, even for the brightest 
stars’. The integrated power in the low order p-mode band has 
an amplitude of ~2 ms’. However, decomposition into its 
individual modes requires a sensitivity better than 20 cms", as 
in the solar case. For this reason, and also because of the more 
common availability of good broad-band photometric devices, it 
is of interest to study the possibility of detecting comparatively 
short period fluctuations of the integrated intensity related to 
the p-mode oscillations. 

Clearly, one does not hope to see the geometrical effect of a 
change of the radius by 6r/r~ 1.510. It is the enhancement 
by a factor of 1,000-2,000 of the temperature fluctuation 
compared with the fractional change of the radius** which 
brings the expected brightness fluctuations into the range of 
I/I =2x10 for vertical photospheric motions with the 
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amplitude (20cms ') and period (5 min) of the p-modes. 
Compared with common scintillation amplitudes of the order of 
1077 mag the expected signals still seem to be much too small to 
be detected. 

For a successful observation of non-radial stellar p-modes it is 
important to resolve and identify the individual modes, in 
addition to detecting the signal. To obtain a resolution in 
frequency sufficient to resolve the solar p-mode spectrum (that 
is, better than 30 Hz), observing sessions of at least 10h, 
preferably without interruption, are required. The duration of 
this observation will then also help to suppress the noise level 
due to atmospheric scintillation. 

A recent search for intensity fluctuations of solar origin in 
daylight observations of the integral sunlight? was unsuccessful. 
I have previously obtained’ data amenable to similar analysis at 
the ESO station in Chile, to investigate the presence of fluctua- 
tions with periods longer than 10 min in the solar luminosity, as 
monitored by broad-band dual beam photometry of the bright- 
ness of Uranus and Neptune using a 50-cm telescope. Combin- 
ing observations of 10 successive nights with a mean observing 
duration of 7.8 produced a r.m.s. noise level of 6 x 107° in these 
data. In the present investigation the spectral analysis was 
repeated applying a least squares sine wave fitting technique to 
the complete set of data, to avoid the awkward consequences of 
the temporal window in a straight Fourier transform with zeroes 
padded in the data gaps. Power estimates were computed at 
(1 cycle/14,400) min™' intervals. The power spectrum is still 
very noisy and gives only a vague impression of regularly 
spaced features. Fortunately, asymptotically the p-mode eigen- 
frequencies are spaced at regular intervals, and the size of this 
interval is well enough established“ to permit a ‘superposed 
frequency’ analysis analogous to the superposed epoch tech- 
nique used to detect non-sinusoidal periodic fluctuations. A 
superposed frequency analysis applied to a velocity power spec- 
trum, which is analogous to the procedure here, was recently 
published by Grec et al’. 

The result of this procedure, averaging 15 frequency segments 
Af of 135.42 pHz each, covering the range 2.083-4.167 mHz, is 
shown in Fig. 1b, accompanied by the ‘unfolded’ spectral data on 
the same frequency scale in Fig. la. At one position the signal is 
well above the 3a level of this mean power distribution, at two 
more positions the signal exceeds the 2a level. All three features 
are accompanied by ghosts at 10 frequency intervals’ distance 
due to the periodic structure of the window function. (The 
apparent asymmetry of the ghost pattern can be shown by 
numerical simulation to be due partly to the shape of the window 
transform and partly to the comparatively high noise level of the 
data.) The principal frequencies falling next to the mean period 
of 5 min are 3.301, 3.309 and 3.377 mHz. 
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Fig. 1 Frequency spectrum of brightness fluctuations of the Sun. 
Spectral segments of length 135.42 Hz, shown in a are averaged 
to obtain the ‘superposed’ spectrum in 4. Three peaks above the 20 
level are believed to represent sets of low order solar p-modes 
(ghost lines are bracketed). In a, the observed spectral frequencies 
which are believed to represent global p-modes are drawn with 
heavier lines. The frequency values given refer to the position 
within each segment marked by the arrows on top. The open dots 
with error bars in a are frequencies observed through line shift 
observations by Claverie et al.”. The arrow heads mark three sets of 
frequencies determined by Fossat (personal communication) from 
a 5 days continuous observation otbained at the South Pole. The 
numbered scale below the segmented spectrum indicates the 117 
frequency intervals of (1/14,400) min”! congruent with the folding 
interval of 135.42 Hz. 


With the improved frequency resolution of this observation, 
one of the two sets of eigenfrequencies reported by Claverie et 
al.’ is resolved into doublets at an interval of ~8 yHz, similar to 
Fossat’s* result of 10 Hz. Identification of these doublets with 
/[=0 and /=2 modes is consistent with theoretical spectra 
published by Iben and Mahaffy’ and Christensen-Dalsgaard’®. 
In detail, our observed frequencies agree quite satisfactorily 
with those obtained by Fossat (personal communication), but 
are systematically higher by 5-10 Hz than the values given by 
Claverie et al.". To some extent, the accuracy of these latter data 
may suffer from insufficient spectral resolution. By standard 
statistical criteria, the significance of the three peaks emerging 
from the 27 background of our superposed frequency analysis 
seems very marginal. We note, however, that of these peaks, two 
(with ¿= 1- and 2) coincide within +2.25 wHz with the most 
accurately observed superposed frequencies available. The 
probability of such a coincidence occurring by chance is 1.7 x 
1077. Considering the statistical fluctuations of the amplitude 
estimates of a 10 days’ data sample the mode identifications 
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given in Fig. 1 are consistent with the theoretical result that the 
mode numbers /=0, 1 and 2 are those most favoured by the 
spatial filter function both of full disk velocity and intensity 
observations'’. Finally, a phase difference of 3.5 yr in the solar 
activity cycle existing between measurements of intensity’ and 
velocity (E. Fossat, personal communication) should be consi- 
dered when minor systematic frequency differences among 
these observations are confirmed. 

After subtraction of the noise the observed mean power at the 
p-mode frequencies corresponds to a r.m.s. amplitude of 4-5 x 
107, in good agreement with our expectation. The improved 
signal-to-noise ratio obtained with stellar objects brighter than 
Uranus and Neptune, and with larger telescopes should facili- 
tate the analysis by making the periodic structure stand out 
against the straight unfolded spectrum. 

I thank G. Isaak and E. Fossat for unpublished results, and for 
exciting discussions. 
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Stellar rotation generates instabilities’ which have not been 
taken into account in classical computations of stellar evolution. 
In particular, these instabilities may produce turbulent diffusion 
with important consequences over long time scales. Thus it has 
been shown?” that the loss of angular momentum which occurs 
in the external stellar layers due to stellar wind and magnetic 
braking“ leads to a redistribution of angular momentum. We 
show here that there are observational and theoretical reasons 
to suspect that a slow diffusion process due to a mild turbulence 
is operating in stellar interiors. Turbulent diffusion may have 
important consequences for the solar neutrinos problem and the 
(He/*He) ratio at the solar surface. 

The necessary and sufficient condition for the generation of 
turbulence has been often discussed. The presence of shear is a 
necessary but not sufficient condition; the Richardson criterion* 
has also to be satisfied. But, when account ® is taken of the heat 
exchange between the moving fluid and the surrounding 
medium the Richardson criterion has to be replaced by the less 
stringent Townsend criterion or flux Richardson criterion. Eli- 
assen and Kleinschmidt” used the Townsend criterion to 
describe the maintenance of turbulence which is the same as that 
used by Zahn”. These conditions naturally differ from those of 
Layzer’’, who has assumed that no heat exchange takes place 
during the motion of the fluid, a more stringent requirement. 

The Rayleigh condition, states that, as long as 60./5z = 0, the 
fluid is stable provided 5(Q.w’)’/5m <0, O being the angular 
velocity and w the distance to the axis. This last condition is 
violated if the star, like the Sun, is losing angular momentum. 
But as soon as 62./5z #0 the rotational motion is dynamically 
unstable’’. It has been shown that there is no meridional circu- 
lation which can be stable everywhere in a star?” 
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here that the absence of turbulence in the radiatively 
gion of the Sun would be remarkable”. We assume that 
‘ Aabilities associated with the shear flows in differentially 
rota.ing stars generate a mild turbulence, the effects of which 
may be treated®® as a diffusion process in stellar evolution. 

Several astrophysical observations seem to support the 
mechanism of turbulent diffusion. Schatzman’® suggested that 
turbulence could inhibit gravitational (and radiative) sorting of 
the elements, and Baglin” showed that meridional circulation 
for fast-rotating stars can induce a sufficiently high level of shear 
flow turbulence to avoid the sorting of elements. The Li 
deficiency in giants of spectral types F and G has been measured 
by Alschuler™®. Assuming that these giants belong to the first 
ascending branch, and that their mass can be derived from 
Iben’s’® evolutionary tracks, the Li deficiency can be explained 
by Li burning during the main sequence phase: Li is carried by 
turbulent diffusion from the outer layers of the star towards the 
region where it is nuclearly processed and destroyed. For masses 
M <1.6 Ma, the empirical estimates of this rate of Li destruc- 
tion on the main sequence”? essentially agree with the theoreti- 
cal values based on the turbulent diffusion model. 

The 1°C excess in giants of the first ascending branch”’, can be 
accounted for by turbulent diffusion”? outwards from the region 
where 12¢ is nuclearly processed and partly transformed into 
a OF 

Note that the equations for a slow diffusion process in stellar 
evolution are quite different from those for convective mixing. 
In particular, homogenization in finite volumes*’ does not 
properly mimic a slow diffusion process. This can be explained 
by a simple physical argument. The complete mixing over a 
fraction qm of the solar mass’ °° generates a step function of the 
chemical composition, with a jump in the chemical composition 
at the mass fraction qm. For solar models, with the constraint that 
the luminosity is L = Lo for t = 4,650 Myr, we have L ~ X ne ee 
where X;,, is some convenient average value of the hydrogen 
concentration X;. This means that T, ~ XiX". With the power 
law approximation” ¢, ~ T2°X,(1+X,)™, the reduction in the 
neutrino flux is given by 


(dy )mixes _ (=) “Yana AL PAY 
$, Xina Xa (1 + X1) mixed 





Fig. 1 Curves Xy give the hydrogen concentration as a function 
of the mass fraction. Turbulent diffusion brings hydrogen in the 
core of the Sun. Curves X gives the *He concentration as a 
function of the mass fraction. Turbulent diffusion smoothes the 
He peaks, with *He appearing at the surface and the concentration 
of *He increasing by an appreciable amount in the centre. The 
maximum X, corresponds to 2.8 x 107°. The increase of the 
concentration of the nuclear fuel in the centre is balanced by a 
decrease of the central temperature which produces a drastic 
reduction in the neutrino flux. Meanwhile, “He appears at the 
surface of the Sun. 
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The ratio (X;./X1.,) is always smaller for fully mixed models to 
M =q,Mo than for models where diffusion mixing has taken 
place. This is because the step function of the chemical 
composition is not a true description of the distribution of the 
chemical composition due to the diffusion process. 

Schatzman'* and Genova and Schatzman”” demonstrated that 
a turbulent diffusion coefficient D = Re*v, can be used where v 
is the microscopic viscosity (molecular plus radiative) and Re* is 
a critical Reynolds number of the order of 100. The changes of 
compositions in stellar models due to both the nuclear reactions 
and the turbulent transport may be expressed as: 


ax, 1 4 aX 
p= ~r’ pD — + pAimy(-3R11 + 2Ra3 ~ Raa) 
ðt rðr or 

aX, 1 0 aX. 
p= — r pD — + pAgmy(Ru — 2R33— Rss) 
ðt ror or 

Xa id , aX; 

— s= — r pD— + pAgm, (Raat R 
p ap pt op p at pAginy( R33 34) 


X,, X, and X, are functions of r and ¢ and represent the 
abundances, expressed in mass fraction, of 'H, “He and “He 
respectively. p is the density and the R; terms are the nuclear 
reaction rates” for the species ij. An efficient matrix scheme for 
the diffusion equations?” has been incorporated into our stellar 
evolution code. 

Models with Re* = 200, 100 and 0 (standard case) for an 
initial composition X,=0.73, X,=0.25 and Z= 0.02 have 
been computed. We note the following main results. As shown 
in Fig. 1, which gives the distribution of X, and X; in the Sun at 
t= 4,600 Myr, there is much more central hydrogen in the 
present Sun when diffusion is included. While the central X; is 
only 0.359 in the standard case, it is 0.569 with Re* = 100. This 
excess of central X, evidently results’ from the inward trans- 
port due to a positive abundance gradient. Outside the central 
regions, the differences are smaller and of opposite sign. 
Overall, turbulent diffusion makes the X, distribution much 
flatter. 

The internal distribution of *He shows a peaked distribution 
in the standard model (see Fig. 1). With turbulent diffusion, with 
Re* = 100 and 200, the distribution of “He below M,/M = 0.4 is 
still mainly determined by the rapid equilibrium between crea- 
tion and destruction as in the standard case. Above M,/M = 0.4 
(T <8.3 x 10° K), the transport by turbulent diffusion tends to 
unify the *He distribution®’: the peak is reduced and “He is 
spread throughout the star. Figure 1 shows that the surface ratio 
>He/*He is considerably increased by turbulent diffusion. An 
acceptable observational value of this ratio’’** is "He/*He = 
4x107*. This value is ~2-4 times larger” than that of the 
protosolar material and implies a surface enrichment in “He 
during solar evolution. This result supports the occurrence of 
turbulent diffusion with a value of Re* = 60. 

The decrease of the mean molecular weight in the interior due 
to diffusion leads to a decrease of the central temperature and 
density and, in models with turbulent diffusion, the central 
concentration of *He is increased. Some characteristics of the 
models at ¢ = 4,600 Myr are given in Table 1. We see that the 
neutrinos flux is smaller by a factor of 8.1 for Re* = 200, 4.9 for 
Re* = 100 and 2.6 for Re* = 50 relative to the flux obtained in 
the standard case Re* = 0. 

The constraint on the solar luminosity usually fixes the helium 
content in the initial model; a change of X, by —0.01 reduces the 
luminosity by log L = -0.028. Table 1 shows that diffusion 
models may fulfill the requirement on solar luminosity with a 
helium content differing only by 0.01-0.02 from that of the 
standard case. 

Estimates have been made of the possibility of choosing a Z 
(heavy elements), X, (Helium) and Re™ to fulfill the three main 
requirements: the value of the solar luminosity, the *He 
concentration at the surface and the solar neutrino flux. As a 
whole, models with turbulent diffusion with Re* in the range 
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Table 1 Properties of the standard model of the Sun and of the models 
with turbulent diffusion mixing at £ = 4,600 Myr 





Re* log Te © (Xk (Xale N, (X3/X4), log L/Lo 


(SNU) 
0 7.1944 0.3585 8-E-6 11.66 — 0.048 
100 7.1681 0.5685 2.1- E-5 2.38 1.57- E-3 0.009 
200 7.1601 0.6164 2.6-E-5 1.43 3.38- E-3 0.003 





X =0.73, Y =0.25, Z = 0.02. 
(X,). is the hydrogen concentration in the centre: (Xa), is the *He 
concentration in the centre; (X3/X4), is the surface concentration ratio 
of *He and “He at the surface. 


50-100 seemed to fulfill the main solar constraints for a standard 
composition. 

Our solution overcomes the difficulties of the low X, and low 
Z solar models’. However, recent observations of the solar 
oscillations” have led Christensen- -Dalsgaard and Gough” to 
describe solar models which agree with standard models. The 
difficulty” due to migration of heavy elements through a shallow 
convective zone can be avoided. The same model explains the 
depletion of lithium at the surface of the Sun. 

From dimensional arguments alone we can see that the 
depletion of lithium would be of the order of exp [—(to/7,,)] and 
the depletion of Be would be of the order of exp ig (fo/TBelb Tui 
and Tpe are of the order of (Arp Dih, and (Ar) Dlh respec- 
tively, where (Ar),; and (Ar)p, are the respective distances from 
the bottom of the hydrogen convective zone to the Li burning 
and Be burning regions. From the values of the Li depletion 
factor (= 4.8 x 10°) and of the Be depletion factor (~2), and 
knowing the temperatures of the Li and Be burning regions 
(T,~2.4x 10° K; Tee = 3.5 x 10° K), we can derive both where 
the hydrogen convective zone ends and the value of the 
turbulent diffusion coefficient (in fact, we do not obtain the 
bottom limit of the convective zone, but the point at which the 
penetrative convection Tpce becomes inefficient): 


Tece = 2.19 x 10° K R — rece = 2.06 x 10° km 
T,,=2.410°K rece — hy, 0.2 x 10° km 
Tee 35 X10 K rece" pe = 1.24 x 10° km 


These values are compatible with those of Christensen- 
Dalsgaard and Gough’®. From the value of Dwu» we obtain 
Re* = 85 which is compatible with the values derived from the 
other solar constraints. 

Meridional circulation™ does not yield the same result. 
Meridional circulation drives the matter down from the bottom 
of the hydrogen convective zone to where the Li and Be are 
burning, and will not differentiate between Li and Be: the 
characteristic time of depletion being determined by the velocity 
of the circulation would be the same for both elements. Unless 
there was a very peculiar pattern of the meridional circulation, 
we can consider that this is a very strong argument in favour of 
turbulent diffusion and against meridional circulation” 

We now comment on the role of turbulent diffusion in relation 
tothe neutrino mass”. Proposed values of the neutrino mass 
favour the suggestion"? that the neutrino oscillates between 
the Sun and the Earth. However, the non-zero mass of the 
neutrino does not necessarily imply an oscillation. It is there- 
fore worth considering the consequence of change in the stellar 
models by introducing a simple physical effect and studying its 
implication for the Sun and the stars. It is difficult** to resolve the 
difference between predictions based on the solar models and 
observations by invoking neutrino oscillations only, if there are 
only three kinds of neutrinos coupled to each other. The prob- 
ability of finding an electron neutrino after a time t is estimated 
by Bahcall and Frautschi** to be 0.5 and by Barger et al.*° to be 
0.62. With the latter value, this decreases for a standard 
model“ the observable neutrino flux to 4.65 SNU, far above the 
observed flux. 


How will the Sun evolve within the above framework? This 


question is particularly important in relation to stellar obser- : 


vations. Clearly, if turbulent diffusion were always maintained,a ~~ 
1 Mo star would never become a red giant as the evolutionary 
time scale for such a star is larger than the diffusion time scale. 
The star would evolve towards the region of blue stragglers. To 
obtain an evolution towards the giant branch, turbulent 
diffusion has to be stopped. The progressively increasing u- 
gradient during evolution probably? has a stabilizing effect on 
the shear flow and consequently the turbulent diffusion would 
cease when the u-gradient became large enough. 

This suggests the existence of two groups of stars: (1) those 
with a very low differential rotation, which pursue a standard 
evolution; (2) those with a high degree of differential rotatio#f, 
which evolve towards the blue-straggler region. There might 
also exist a wide range of intermediate cases for which the 
evolution towards the red-giant branch is only delayed and not 
stopped completely. This possibility seems very likely because 
cluster observations indicate*’ that the width of the main- 
sequence band is considerably larger than that given by standard 
models. 

Although the evolution of the Sun is not very advanced, 
previous considerations suggest that this evolution would not 
necessarily follow route (1) above. In fact, we cannot yet esti- 
mate properly the period of rotation of the solar core. The 
minimum requirement for maintaining the turbulence is that the 
flux Richardson criterion is satisfied. This somehow gives the. 
minimum angular velocity which might be present inside the 
Sun. Following Zahn? this can be written 


Q 
w = we (T. R Ceri) (= i) (Va Via) 
dw 


where g = w Àm), ratio of viscosity to the thermal diffusivity i is 
the Prandtl number, Re. the critical Reynolds number, H> the 
pressure scale height and V = (d log T/d log P). This leads to a 
minimum value of Q in the solar core, corresponding to a period 
of 2-3 days, in agreement with a vanishingly small oblateness. 
The turbulent diffusion coefficient for angular momentum 
therefore does not have a simple relationship with the turbulent 
diffusion coefficient for chemical species. Some feedback must 
exist, between loss of angular momentum, transport of angular. 
momentum and turbulence which presumably stabilizes the 
critical Reynolds number Re* around 100. 
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Interest in quasi-one-dimensional organic conductors has been 
renewed by the discovery’ of superconductivity in (tetra- 
methyltetraselenafulvalene),PF,, (TMTSF).PF,. At ambient 
pressure (TMTSF),PF, undergoes a Peierls distortion at 18 K 
(ref. 2) whereas under modest pressure the properties remain 
metallic with the onset of superconductivity at 0.9 K (ref. 1). 
There is now an incentive to synthesize other organic metals in 
which the Peierls distortion is suppressed in the hope that 
these may also superconduct under pressure. So far (DEPE) 
(TCNQ),(H,0)},, is the only example“ to show a monotonic 
increase in conductivity, characteristic of a metal, on cooling at 
ambient pressure to below 30 mK. This metallic behaviour has, 
however, been disputed". I verify here the unique temperature 
dependence of conductivity of (DEPE)(TCNQ),(H,O), and 
report the electrical and structural properties of the isostruc- 
tural congeners (DMPP)(TCNQ),(H,0),, and (DRPA) 
(TCNQ),(H,0), where R =M (methyl) and E (ethyl) (see 
Table 1 for full names). 

Needle-shaped crystals, 2 x 0.1 x 0.01 mm, were prepared by 
a method reported previously* for bipyridinitum-TCNQ salts. 
The crystals were fibrous and frequently bowed indicating a 
weak coupling between chains. The stoichiometries were 
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Fig.1 Variation of the normalized conductivity with temperature 
of two crystals of (DEPE)(TCNQ),(H20),, one semiconducting 
(©) and the other metallic (@). 


pirataria ite AA rT rts a MAS MAHER AY Rate naa e A Arte 


Nature Vol. 290 23 April 1981 


oy FeO ros | HOC] oe 





+ 
Pete 
“ome, 


2 e 
teers, 
tes 
vee, 
tee, 
Ste, 
1,000 "8 Cone, 
Stag 
te 
Fon, 


500 


aiSem t) 
ate a cea 
> 
s 
* 
t 
. 
e* 
* 
+ 


0 100 200 300 
TK) 


Fig. 2 Variation of the conductivity with temperature of 
(DEPA)(TCNQ),(H20)},. 


determined by elemental (C, H, N and O), spectral and thermo- 
gravimetric techniques (Table 1). The space group and unit cell 
parameters were obtained from oscillation and Weissenberg 
photographs using CuKa radiation (Table 2). Oscillation pho- 
tographs about b showed strong subcell layer lines with d- 
spacings of 3.84-3.85 A and weak layer lines with d-spacings of 
17.4A in (DEPE)(TCNQ),(H2O),, 17.1A in (DMPP) 
(TCNQ) (H20), and 7.68 A in(DMPA)(TCNQ),(H2O),. When 
the crystals were annealed in vacuum at ~370 K the weak layer 
lines could no longer be observed. In these conditions dehy- 
dration occurs with a contraction of the unit cell. The unit subcell 
parameters of (DMPP)(TCNQ),(H2O),, refined on a Hilger and 
Watts four-circle diffractometer, were @=12.93(2), b= 
3.85(1), c =27.50(2) A, B =108.1(2)°, U =1,301 Å? before 
annealing and a = 12.84(1), b =3.84(1), c =27.31(6) A, B= 
106.6(3), U = 1,290 A’ after. In these quasi-one-dimensional 
conductors the weak layer lines are attributed to the H,O 
lattice, commensurate in (DMPA)(TCNQ),(H,O), and in- 
commensurate in (DEPE)(TCNQ),(H,O), and (DMPP)- 
(TCNQ),(H,O),. Variations in the intensities of the weak layer 
lines may indicate incomplete hydration and therefore a random 
occupancy of the available sites within a well defined H,O 
lattice. 

In (DEPE)(TCNQ),(H20),, (DMPP)(TCNQ)4(H20), and 
(DMPA)(TCNQ),(H.O), the cation lattice is inherently dis- 
ordered which is characteristic of all highly conducting TCNQ 
salts with stoichiometries other than 1:1. The TCNQs stack 
plane-to-plane within homologous columns”” parallel to b with 
(1) a uniform mean interplanar spacing of 3.2 A and (2) an 
exocyclic double bond to quinonoid ring overlap of adjacent 
molecules, with the longitudinal molecular staggering in a 
consistent direction throughout the stack. At ambient tempera- 
ture the disorder inhibits a periodic coupling of the anion and 
cation chains and so suppresses the onset of a three-dimensional 
transition to a less conducting phase. At ~40K the crystals 
undergo conductor-to-insulator transitions (Figs 1, 3) which are 
attributed to distortions of the quasi-one-dimensional TCNQ 
lattice. In these salts it is improbable that interactions between 
the conduction band electrons and the H.O lattice, 
incommensurate in (DEPE)(TCNQ),(H,O), and (DMPP)- 
(TCNQ),(H,O),, are sufficient to cause the Peierls distortions at 
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a 
Table 1 Elemental, spectral and thermogravimetric data i 


C H N O Weight . 
Complex {%) (%) (%) (%) €395/ E42 loss 
(DEPE)(TCNQ),(H20), Calculated* 71.65 3.52 23.51 1.31 2.2 1.5% 
p? Found 71.90 3,50 24.03 1.20 ~“ 2.2 1.3% 
(DMPP}(TCNQ),(H20), Calculated? 71.31 3.57 23.17 1.36 2.2 
Found 71.64 3.59 23.93 1.15 p 
(DMPA TCNQ) (H0), Calculatedt 70.99 3.44 24.05 1.53 2.2 
Found 71.01 3.23 24.80 1.36 Z 


Values calculated by assuming: * x = 0.88; t x = 0.90 and £ x = 1.0. The non-stoichiometry is suggested by X-ray analysis; weak layer lines with 
d-spacings of b/0.22 in (DEPE)(TCNQ),4(H20), and 6/0.225 in (DMPP)(TCNQ),(H,O), are attributed to an incommensurate H,O lattice, 

(DEPE\TCNQ),(H-O), = [1,2-bis(1-ethy!-4-pyridinium)ethylene]**(7,7,8,8-tetracyanoquinodimethanide)3_(H20),. (DMPP)(TCNQ),(H,0), 
= [1,3-bis(1-methyl-4-pyridinium)propane] *(7,7,8,8-tetracyanoquinodimethanide)? (H,O),. (DMPA) TCNQ),(H20), = [1,2-bis(1-methyl-4- 
pyri-dinium)ethane]’*(7,7,8,8-tetracyanoquinodimethanide)2(H,0),. 


~40 K. If they were we should expect the transition in T(K) 
(DMPA)(TCNQ),(H2O), to occur at a higher temperature, as 100 200 300 400 
the H20 lattice is commensurate in this salt. Instead I suggest 
that the distortions arise, in part, from an ordering of the cation Coe oomoo o o 0000 
lattice on cooling. 

The conductor-to-insulator transitions at 40K have been o 00° 0600 Seer" 
suppressed, in a few instances only, by annealing the hydrated a~ -100 2° 
crystals in vacuum (10 torr). The conductivities increased on 8 
dehydration. For (DEPE)(TCNQ),(H.0),, shown in Fig. 1, the 
conductivity decayed on thermal recycling but, nevertheless, 
remained metallic. For (DEPA)(TCNQ),(H20),, shown in Fig. -200 
2, the conductivity was reproducible for two cooling cycles 
(300-10 K) and increased monotonically on cooling to below 
10 K. In this low temperature region the properties depend on Cee ; 
the degree of disorder which, in the limit, can obscure the Peierls ae ist a peters DEP AO CLO) PRAI > ‘ 
transition by, for example, introducing a substantial density of (©) and the other dehydrated (@). 
states into the band gap as exemplified by recent work on : 
(dimethyldiphenylphosphonium)*(TCNQ); (ref. 8). The 
experimental data reflect an increase in the disorder on dehy- 
dration and a decrease on thermal recycling. | 

The electrical properties of (DEPE)(TCNQ),(H.O),, 
(DMPP)(TCNQ),(H20),, © (DMPA)(TCNQ),(H20), and 
(DEPA)(TCNQ),(H.O), depend on the outgassing procedure. 





Crystals annealed in vacuum at 300-400 K have variable prop- 
erties which may be attributed to the onset of decomposition, 
increased disorder and to loss of solvent from the lattice. Five 
crystals have shown metallic behaviour with oso. = 100- 
500 Scm™* along b. Most were semiconducting with oacox = 
50Scm™'. The metallic crystals are believed to be more dis- 
ordered and less hydrated than the semiconducting crystals. For 
a correlated semiconductor the thermoelectric power, S, is 
: : given” by 
Co. eo" “| i +O-C'] (HO), S = —k/e In[2(1—p)/p] uV K 
f where p is the ratio of carriers to available TCNQ sites. Assum- 
ing that charge transfer is commensurate with the chemical 
„oo00000000000 0097 0 formulae presented for the isostructural series, p = 0.5 and 
„ 0000009? S = —59.8 uV K`. For (DEPE)(TCNQ),(H.O), this theoreti- 
T cal value is consistent with the experimental data at saturation 
00°" for the hydrated sample only (Fig. 4). The semiconducting 
9° behaviour probably arises from a pinning of the charge density 
waves by the H,O ‘impurities’. When the pinning is destroyed, 
n by dehydration, the conductivity is enhanced and may become 
metallic. Thus in the dehydrated sample the thermoelectric 





é Table 2 Unit subcell parameters of the strong layer lines and 

í d-spacings of the weak layer lines of the isostructural series of 

9 conducting TCNQ salts 

o Space d-spacing 
Complex group a(A) b(Å) c(A) B(°) (A) 


(DEPE)(TCNQ), 
P2,/e 12.72 3.84 27.67 107.8 17.4 


| (DMPP)(TCNQ), 
| (H20), P2,/c 12.93 3.85 27.50 108.1 17.1 


0 100 200 300 
T(K) (DMPAXTCNQ)4 
(H20), P2,/c 12.90 3.84 27.34 107.4 7.68 





Fig.3 Variation of the normalized conductivity with temperature 
of (DMPA)(TCNQ),(H20},. The weak layer lines are attributed to the HO lattice. 
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e.m.f. is significantly lower and the properties are no longer 
consistent with those of a correlated semiconductor. On dehy- 
dration there is no significant change in the TCNQ stacking 
characteristics. 

All four salts have crystallographically ordered anhydrous 
modifications. In these the TCNQs are stacked plane-to-plane 
in stoichiometric groups of four, in a direction parallel to the 
length of the cation, with no direct overlap between adjacent 
tetrads. This periodic distortion arises from a periodic coupling 
of the anion and cation chains. The conductivities are 
significantly lower with o3oox ~ 0.002 S cm ~ along b, the direc- 
tion of stacking. Conversely in the crystallographically dis- 
ordered modifications the periodic interchain coupling is 
destroyed by cation disorder and homologous columns of 
TCNOs occur. In both types of modification the electrical 
properties are consistent with those of related complexes in 
which the TCNQ stacking characteristics are similar. 

I thank Dr S. C. Wallwork for the refined subcell parameters 
of (DMPP}(TCNQ),(H,0), and Dr G. Owen for helpful dis- 
cussions. I also thank G. H. Cross for assistance with the 
conductivity measurements and the Chemical Society Research 
Fund and the SRC for support. 


Received 14 November 1980, accepted 9 February 1981. 


1. Jerome, D., Mazaud, A., Ribault, M. & Bechgaard, K. J. phys. Lett, Paris 41, L95 (1980). 

. Bechgaard, K., Jacobsen, C. S., Mortensen, K., Pedersen, H. J. & Thorup, N. Solid St. 
Commun, 33, 1119 1980). 

. Ashwell, G. 3, Eley, D. D. & Willis, M. R. Nature 259, 201 (1976). 

. Ashwell, G. J. Phys, St. Solidi. 86b, 705 (1978). 

. Someoano, R. B. et al. Phys. St Solidi 8Ub, 281 (1977). 

. Ashwell. G. 1. Proc. int. Conf. on Low Dimensional Synthetic Metals, Heisingor (1980), 

| Wallwork, §. C. Proc. Conf. on Organic and Biological Semiconductors, Nottingham (1980). 

. Ashwell, G.J., Allen, D. W., Cross, G. H., Kennedy, D. A, & Nowell, L W. {in preparation), 

. Chaikin, P. M. & Beni, G. Phys. Rev. B13, 647 (1976). 


Prk 


465 Go 4 Shan de Ge 





High abundances of long-chain 
normal alkanoic acids in Antarctic soil 


Genki Matsumoto”, Tetsuya Torii? 
& Takahisa Hanya* 


* Department of Chemistry, Faculty of Science, Tokyo Metropolitan 
University, Fukazawa 2-1-1, Setagaya-ku, Tokyo 158, Japan 

+ Chiba Institute of Technology, Tsudanuma, Narashino, Chiba 
Prefecture 275, Japan 


dateenpipali mhasan irda teh tbe fe A iAH al a mE 


Studies of geochemical samples have shown that fatty acids are 
widely distributed in sediments ranging in geological age from 
Recent to Precambrian*~’. Most n-alkanoic acids found in soils 
and Recent sediments show similarities in their distributions, 
such as a marked predominance of even-carbon numbered acids 
and a bimodal distribution with two maxima in carbon chain 
length of C,, to Cig and C3, to Cag (refs 1, 2, 4-7). Long-chain 
n-alkanoic acids (>C) predominate in the waxes of vascular 
, whereas short-chain n-alkanoic acids (<C,,) occur in 
the lipids of all living organisms. Long-chain n-alkanoic acids 
found in soils and Recent sediments are thus believed to arise 
from vascular plants'**. In Antarctica, vascular plants are only 
found in the Antarctic Peninsula’*. Organic constituents on this 
continent are thus expected to be considerably different from 
those in the temperate and tropical zones. We report here the 
presence of very long-chain n-alkanoic acids extending to Czo, 
having a small even-carbon predominance, and comprising a 
large proportion of the fatty acids in Antarctic soils. They 
apparently originate in the Beacon Sandstone. 

During the 1967-77 austral summer, soil samples were 
collected from the dry valleys of Victoria Land in Antarctica 
(Fig. 1) with a small stainless-steel scoop, wrapped in Teflon 
sheet and stored at temperatures below 0 °C until analysis. The 


| procedures for fatty acid analysis have been described in detail 


elsewhere’®. Briefly, wet samples (~50 g) were extracted with 
ethyl acetate after saponification with 0.5M potassium hy- 
droxide/methanol solution. Each extract was chromatographed 
on a silica gel column (160 x 4-mm i.d., 100 mesh, 5% water). 
After elution with two column volumes of hexane, the eluate 
(fatty acid fraction) obtained with three column volumes of 
benzene/ethy! acetate (95/5) was methylated with 15% boron 
trifluoride/methanol solution (3 ml, 80°C, 2 h). The structures 
of the methyl esters of fatty acids were determined using a 
combined Shimadzu LKB 9000 gas chromatograph—mass spec- 
trometer in conditions given in Fig. 2. 

Fatty acids were identified by comparing their retention times 
and mass spectra with those of authentic compounds and 
homologues. Quantitative acid data were obtained by measur- 
ing the peak area on the mass fragmentogram or gas chromato- 
gram (total ion current). A blank test to check contamination 
throughout the experiments indicated possible contaminants 
(Fig. 2), but they were present in such low amounts that they did 
not affect the analytical results for long-chain n-alkanoic acids. 
Based on four replicate addition experiments using authentic 
compounds, the percentage recoveries of n-alkanoic acids, Cia, 
Cis Cig, Coro and Cr, were 88 (s.d. 4.0), 91 (8.0), 87 (325); 88 
(3.7) and 107 (13), respectively. 
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Fig. 1 Sampling locations in the dry valleys of Victoria Land in 
Antarctica. 1, Vanda-1; 2, Vanda-2; 3, Bonney, east lobe; 4, 
Bonney, west lobe-1; 5, Bonney, west lobe-2; 6, Joyce. 


The analytical results from six soil samples are summarized in 
Table 1. The total acid content of the soils is fairly low, ranging 
from 0.16 to 3.7 wg per g dry soil, presumably reflecting the low 
organic carbon contents (0.14-0.71 mg C per g)’®. n-Alkanoic 
acids ranging from C, to Cy were found with a bimodal dis- 
tribution maximizing at C,, and Cy, together with branched (iso 
and ante-iso) and unsaturated acids (Fig. 2). As far as we know, 
this is the first report of the occurrence of such very long-chain 
n-alkanoic acids (>C3xg) in soils and modern and ancient sedi- 
ments. 

Surprisingly, long-chain n-alkanoic acids comprised most of 
the fatty acids, ranging from 30.2 to 81.9% with an average of 
53.8+18.7% at 90% confidence limits, with a small even- 
carbon predominance. Thus the ratios of long- to short-chain 
n-alkanoic acids are very high (2.7+ 1.7) and comparable with 
the value estimated for a forest soil (2.3) *. The carbon pref- 
erence indices, CPI,,, CPIay and CPI,+, calculated over the 
ranges Cy3-Cyo, Cyo-C33 and C,3-C3; according to Kven- 
volden’*, ranged from 4.5 to 13, 1.4 to 3.6 and 1.7 to 5.7, 
respectively. In general, these values are lower than those in 
common biological materials. In particular, the CPla, and 
CPlI,7 values of the three Bonney samples are extremely low, 
and are thought to be the smallest values ever reported for soils, 
although CPI, values close to unity have been found in some 
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Table 1 Fatty acids found in soils collected from the dry valleys of Victoria Land in Antarctica 
ae? Concen-. Composition (%) 
i l ' ‘Nature Maximum tration Ratio 
a of atcarbon (ug Un- long/ 
Locality se . soil Range number* perg) Short Long Branched saturated: short CPI,, CPI, CPlar 
Wright Valley . ; 
'Vanda-1 ` OY, silt Cio-C32 Cig Cas 3.7 31.1 31.6 5.4 31.9 1.6 13 | 3.6 5.7 
Vanda-2 ‘ DYB, sand CaCa Cig Cos , 2.4 30.4 46.7 9.4 13.5 1.5 7.8 3.2 4.3 
Taylor Valley ae ke f l 7 
Bonney, east lobe GO, sand Ce-Cag Cies Cog 0.94 17.1 52.2 5.8 24.9 3.1 6,1 1.7 2.2 
Bonney, west lobe-1 » OY, sand ° Ce-Cyg Cie, Cog” 0.43 - 16.7 80.2 - 1.3 18 . 48 4.8. 1.4 1.7 
Bonney, west lobe-2.. O% sand Ca-C37 . Cig, Cog = 0.91 15.5 81.9 1.4 1.2 5.3 4.5 15 > 18 
Pearce Valley - -o : i ' 
Joyce YB, sand Ce~Cas -Cis Cog O. 16 56.1 -30.2 9.0 4.7 °* 0,54 $.3 ° 1.5 3.1 


Average, 90% 
T confidence limits., 


. E L411 27.8+12.8 53.8+18.7 5.4+2.9 13.0+10.6 2741.7 6.9426 2.2+0.81 3.11.3 


Carbon preference indices, CPIs, CPlay and CPI ar values wėre calculated from the carbon chain lengths of Cain Cy9-Cy3 and Ci respectively. Short, 
short-chain n-alkanoic acids (C,3-C,9). Long, long-chain n-alkanoic acids (>C). Branched, branched acids (iso and ante-iso, C,3-C,7). Unsaturated, unsaturated acids 
(Cis and Cıa). OY, olive yellow; DYB, dull yellowish brown; sand, coarse and fine sands; GO, greyish olive. YB, yellowish brown. 


* The major distribution maximum is underlined. 
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sedimentary rocks and shales’? veer, we found no long-. 


chain n-alkanoic acids with small CPI, values, which make up a 
high proportion of the fatty acids in lake waters, sediments and 
epibenthic algae, that is, blue-green algae (mostly Oscillatoria 
` spp., Phormidium spp. and Calothrix Spp: ), in samples collected 
from Lakes Vanda, Bonney and Joyce’® 

Little is known about the occurrence of long-chain n-alkanoic 
- acids other than in the waxes of vascular plaits’®:’* and bees 
waxes'*’°, There are no vascular plants and bees in the areas 
studied and ‘thesé long-chain n-alkanoic acids are not due. to 
contamination during analysis. There seem to be at least three 
possible sources of these unusual.n-alkanoic acids. ~ 

(1) An input of aeolian dust, because air-borne pollutants 
such as dichlorodipheny]-trichloroethane are found in Antarctic 
snow’. Some aeolian dusts collected at sea near land areas 
contain long-chain - n-alkanoic acids.in large relative abun- 
dances, but their CPI, values (6.1-22.0) are considerably higher 
than ours’. Furthermore, the fatty acid (> Cio) /n-alkane (2C,;) 
ratios of the aeolian dusts (0.088-0.50)** are much lower than. 
those of the Antarctic soils (31-110, ref. 16; Matsumoto et al., 
unpublished results). Thus acolian dust is not the main‘source of 
our fatty acids. — 

(2) Microbial oxidation of n-alkanes, OEN many kinds of 
microorganism including bacteria and fungi are found in soils in 
the dry valley areas”. Although n-alkanes ranging from C,; to 
C37, with the most dominant peak at C,3 or C27, were found at 
very low total amounts, between 0.0045 and 0.055 ug per g dry 


Fig. 2 Mass fragmentogram (m/e 74) of the 
fatty acid fraction obtained from soil sample 
collected from Victoria Land in Antarctica 
(Bonney, west lobe-1}. Conditions: silanized 
glass column (200 cm x3 mm i.d.) packed with 
1% silicone OV-1 on 80-100-mesh 
Chromosorb W AW DMCS; temperature, 
injector 300 °C, column programmed from 100 
to 290°C at 6°C min“, molecular separator 
300 °C, ion source 330 °C; carrier gas, helium 
at 30 mi min`; acceleration voltage, 3.5 kV; 
electron energy, 20eV; multiplier gain, 3. ' 
Arabic figures at the peaks indicate the carbon 
chain length of fatty acids. 13b, 14b, 15b and 
17b are branched (iso + ante-iso) C13, Cia, Cis 
and Cy, acids, respectively. 16u and 18u are 
unsaturated Ci, and Cig acids, respectively. 


12 14b 
a2 1011 j \13 


6uj) 18u 


' soil (ref. 16; Matsumoto et al., unpublished results), they could 


not give our fatty acid profile after microbial oxidation (Fig. 2, 
Table 2). Thus n-alkanes are also an unlikely source. 

(3) Glacial erosion of sedimentary rocks ‘containing organic 
materials may have contributed long-chain n-alkanoic acids or 
precursors, as long-chain n-alkanoic acids having small CPI, 
values, and high long/short chain ratios have been found in 
sedimentary rocks and shales of Palaeozoic to Cenozoic age 
from the US*?*, In our case, the dry valley-areas are mainly 
composed of sedimentary, metamorphic and igneous rocks of 
Precambrian to Cretaceous age. It is well known that the Beacon 
Sandstone, composed of sandstone, siltstone, conglomerate and 
carbonaceous beds, and including various fossils such as coals 
and silicified woods, is widely distributed in the dry valley 
areas?”. Much of the sedimentary organic carbon in the Ross Sea 


` is reported to be derived from the rocks being eroded by glaciers 


on the Antarctic -continent”*.. It is therefore likely that the 
long-chain n-alkanoic acids found in Antarctic soils come from 
the Beacon Sandstone. On the other hand, the short-chain acids, 
which are similar to those of common biological materials, can 
be mainly attributed to recent biological sources.. Further 
samples of Antarctic sedimentary rocks including fossils will be 
collected for the analysis of organic constituents. 

-We thank Mr Y. Tanaka, Chiba Institute of Technology, the 
Antarctic Division, DSIR, New.Zealand, the US NSF and the 
National Institute of Polar Research, 2 apan, for their support in 
collecting samples. 
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a-Particle radioactivity of 
hot particles from the Esk estuary 


E. I. Hamilton 
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Transuranium radionuclides (Pu, Am and Cm) present in 
effluents discharged into the north-east Irish Sea by British 
Nuclear Fuels Limited, Windscale, Cumbria, UK, are found in 
sediment and biota of the Esk estuary ~ 10 km to the south. The 
site of the present investigation was at Newbiggin and the 
materials examined were suspended particulate debris samples 
at the sea surface, bottom sediments and some forms of biota 
collected in September 1977. It is shown here that hot 
particles (defined as small volumes of material emitting a parti- 
cles recorded in a dielectric detector as dense clusters of tracks 
from a common origin) found in the estuary are likely to be c 
original effluent debris derived from the processing of Magnox 
uranium fuel elements and not formed in situ as a result of ‘i 
natural processes common to the estuary. L Je 
Methods of analysis described elsewhere’ * use a new dielec- 
tric a-track detector, CR-39 (ref. 5), in association with con- s 
ventional chemical separation techniques and a-particle spec- 
trometry using surface barrier detectors. The CR-39 method 
involves placing a sample in contact with a sheet of detector and 
after a suitable period of exposure the a particles recorded are 
developed by etching at 80°C in 6.0 M NaOH for 3h. After 
etching, the detector is viewed with the naked eye and a tracks | ON z 
associated with hot particles can be easily observed against a 
background of randomly distributed tracks; analysis of a-parti- 
cle track distribution is then determined using a conventional 
light microscope with x5 or X16 objectives and x10 occulars;, 
quantitative analysis of track densities is determined using a 
Quantimet image analyser. 
In the Esk estuary (at the Newbiggin rail viaduct), after slack Ree haere gen E = 
water and when the flood tide is just starting, the water becomes i Chased oh BESSA 
very turbid’; for a short period of time (15-45 min depending on 
the energy of the tide), fine-grained (<100 pum!) bottom 








© 
Energy calibration (Mev) 


a Particle activity 





Fig. 1 Identification of the distribution of hot particles in sedi- 
ment using CR-39 and surface barrier œa spectrometry. a, Seawater 


deposited silts become resuspended into the water column surface sediment absorbed onto Whatman Benchkote. b, Etched 
(0.1-0.5 m deep) and just reach the surface, although in calm CR-39 illustrating (white spots) sites of hot particles in a. c, Thick 
water conditions the top ~1 mm of water is often clear. In calm source a@ spectra of a single hot particle showing the presence of U, 
conditions the paper side of a sheet (30 x 30cm) of Whatman Pu and Am radionuclides. 
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Table} *°°*?*°Pu: ?**Py activity ratios, percent abundance of 238*239*20p,y, and 
*4} Am in various materials from the Esk estuary, Cumbria, UK and adjacent areas 
: collected in 1977 


a emitting Mean 
a particle radionuclides Pu/Am 
activity ratio (% abundance) (a 


Material 239+240Dy (238 py 238+239+240p,, 241 A m activities) Ref. 
Newbiggin silts 3.640.4 46.3 53.7 0.9+0.2 3 
{n = 8) 
Top 2 cm 3.4404 57.4 42.6 1.4+0.4 3 
sediment 
core 1176 
Newbiggin 
Regional 4320.5 53.0 47.0 1.1+0.3 21 
sediments 
in = 40) 
Benthic animals 4.20.3 46.2 53.8 0.9+0.5 3 
in = 56) 
Fish {n = 5) 3.9205 54.7 45.3 1.20.2 21 
Mean 3,940.3 — ae 1.1+40.2 
Fucus vesiculosus 
Ravenglass 3.7 86.7 13.3 6.5 
Newbiggin 3.8 65.8 34.2 1.9 21 


“mentee tte teresa pee 


Data obtained following chemical separation and surface barrier 
a Spectrometry. 


Benchkote is touched onto the sea surface, just penetrating the 
clear surface layer of water if present, to which particulates 
recently resuspended into the water column adhere and are 
removed. Visible swirls of particulate debris present on the sea 
surface are retained by this technique as shown in Fig. la. 
Recently exposed bottom sediments are sampled similarly and if 
no pressure is applied to the paper, only the top layer of 
sediment (~1 mm) is removed. The Benchkote is then allowed 
to dry until just damp when it is placed against a sheet of CR-39 
and exposed for between 2 h and 10 days. After the detector is 
etched two features are visible to the naked eye (Fig. 16); first, 
the presence of diffuse opalescent markings which reproduce the 
macrostructure of the adhered sediment, and second, randomly 
distributed white spots (<100 um mean particle diameter) 
which represent the intense activity Originating from hot spots. 
The position of the hot particles in the detector is noted and the 
corresponding site on the Benchkote identified. A small area of 
Benchkote enclosing a hot particle is then cut out; typically the 
level of diffuse activity associated with the area of paper 
removed is insignificant and all the activity originates from the 
hot particle. Briefly the following analytical techniques are then 
used. (1) The total number of a tracks from each separated 
particle is determined using the Quantimet analyser calibrated 
for a-particle detection efficiency against a standardized zinc 
sulphide screen counter*. When the track density is too intense 
with the result that individual tracks cannot be recognized, the 
total activity of the particle is determined by the zinc sulphide 
screen method; typically particle activities are between 0.1 and 
3 pCi for total a emissions. (2) The hot particle attached to the 
Benchkote is then mounted in an energy calibrated surface 
barrier @ spectrometer and the a spectrum determined. In the 
samples investigated so far (n = 28), four of the spectra were 
partially degraded; these particles were dissolved in hot hydro- 
chloric acid together with **°Pu and °” Am yield monitors, the 
detrital Benchkote removed and the leachate, after adjustment 
to pH of a plating solution, electroplated onto a polished stain- 
less steel planchet. The total a activity recorded after elec- 
_ troplating agreed with that obtained by the zinc sulphide method 
_ and validates hydrochloric acid being used instead of nitric acid? 
as a leaching agent to reduce the degradation of the Benchkote 
filter paper. None of the particles examined gave a totally 
degraded a spectrum and using the procedures described by 
Evans“ individual energies were identified. a-particle composi- 
tion of the particles varied considerably; Pu and Am were always 
present, curium radionuclides were not always present; in six 
samples low energy emissions at ~4.8 meV and 4.2 meV were 
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observed and are tentatively identified as originating from 
HU +?°"Np and U respectively. 

When electroplating techniques are used without prior chem- 
ical separation of Pu and Am, because of energy overlap the 
radionuclides determined are *°*7py, ™8py 4741 Am, 
*42244Cm and *47Cm:; compared with standard chemical tech- 
niques” no separation of *Pu from Am is obtained. To 
convert the data into conventional terms the ***Pu component 
had to be identified. Using chemical separation methods, 
together with published data, a ***Pu/*°°Pu ratio of 3.9+0,3 
determined on a large number of sediments and biota collected 
in September 1977 from the area, was used to determine the 
Pu component of the Pu +?" Am a-spectra peaks. The 
activity of individual a emitters from Pu and Am was then 
calculated in terms of the percentage abundance for total Pu (a) 
and Am; the data are given in Table 1 and Fig. 2 and show that 
although the mean Pu/Am ratio for sediments and biota of the 
area is 1.1+0.2, the sea surface particulates showed a much 
greater range (Pu/Am, 3.2 + 3.0) with a distinct trend towards 
an enrichment in Pu; none of the samples was significantly 
enriched in Am. A preliminary examination of hot particles 
(n = 10) from the top 10cm of deposited sediments gave a 
Pu/Am ratio of 0.9+0.2; however, the morphology of these 
particles differs from those collected near the sea surface and 
will be discussed elsewhere. Note, however, that there are fewer- 
hot particles present in buried sediments, and the specific 
activity is less. Data for Fucus vesiculosus indicates some degree 
of Pu enrichment which may be related to the entrainment of 
particles on fronds’. 

In the absence of any quantitative data which describes the 
isotopic composition of transuranics, together with their chem- 
ical and physical form in fresh effluent released by BNFL, they 
cannot be identified in the Esk. However, circumstantial evi- 
dence allows some interpretation of the data. Using data 
presented by Nair’ it is calculated that the specific a radio- 
activity of aged Magnox fuel is ~0.2 Cig™'. Measurement of 
particle size, using a technique based on the diameter of- 
hotspots” shows that the highest activity is usually associated 
with particles with a mean particle diameter of <20 pm; assum- 
ing that the density of these particles is ~ 10 they would have a 
maximum total æ activity of 1-10 pCi g`, and therefore they do © 
not consist of unprocessed uranium fuel. In the Esk estuary 
undisturbed sediments contain significant levels of short-lived 
radionuclides such as *°Zr—Nb and *“*Cm, hence seaborne tran- 
sit times for effluent from the outfall to the Esk are rapid enough 
for short-lived radionuclides to reach the area; indeed the 
estimated transit time is <1-3 months”, hence the presence or 
absence of water transported particulate debris at any single 
sampling time will depend on the previous weather conditions 
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Fig.2 Photograph and direct a spectra for a hot particle contain- 
ing Pu, Am and Cm radionuclides sampled at the sea surface. 
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Table 2 Mean monthly discharges (Ci yr ') for Pu and Am a radio- 
activity) from the uranium reprocessing plant together with Pu/Am 








ratios 
Year 238 py 4.2392 Dy, 741 Am Pu/Am 
1977 984 96 10.3 
1976 1272 324 3.9 
1975 1200 984 1.2 
1974 1248 3192 0.4 


DASO 


common to the region. Table 2 provides data for the Pu/Am 
ratio, derived from mean monthly discharge data which, in 
1977° was 10.3; in previous years it was significantly lower. The 
1977 Pu/Am ratio for Esk sediments and biota (see Table 1 and 
Fig. 3). can be matched with 1975 releases, thus requiring a delay 
of ~2 yr before they become characteristic for the Esk. No data 
are available for the monthly discharges of Pu or Am released in 
the effluent, but from data presented by Baxter’? it seems 
probable that maximum releases occur during September- 
December of each year. Other data? show that it was not until 
1979 that sediment and biota of the Esk estuary showed 
enhanced levels of Pu, supporting the concept of a delay 
period~2 yr before 1977 effluents became dominant in the 
region. Recently’! it has been suggested, on the basis of cerived 
sedimentation rates for Esk sediments, that there is a finite time 
lag of 2~3 yr between the plutonium discharges from BNFL and 
the arrival of plutonium in these sediments. Fundamental 
differences exist in the determination of the apparent time lag 
and are discussed elsewhere”. Hence on this basis surface 
sediment of the Esk in 1977 would not be expected to reflect 
isotope ratios for current releases; through rapid transport of 
suspended particulates in the water column such debris could be 
present but its contribution to bulk deposited surface sediments 
would be small and difficult to identify. Note that, compared 
with sediments, uptake of Pu and Am by biota would be 
expected to reflect isotope ratios in seawater common to én area 
when the samples were taken.” 

Six of the spectra obtained from the hot particles showed the 
presence of low energy emissions at 4.2 MeV and 4.8 MeV; for 
other samples the energy cutoff below the **°***"Pu peak was 
sharp. These energies could arise from **U + 237Np and “U. In 
1978, 16 Ci of ??’Np was discharged by BNFL™ (no data are 
available for 1977) which should be detectable as it is similar to 
the discharge level for **7Cm (15 Ci); it is assumed that **’Np has 
always been a component of the BNFL effluent. Recent 
measurements confirm the presence of Np in Esk silts at levels 
comparable with those found for Cm radionuclides. Nip in 
Porphyra from Sellafield, Cumbria is reported ’® at a similar level 
to the “Cm abundance. Use of the delayed neutron method for 
uranium assay has shown’ that in spite of a discharge of 
cons:derable quantities of uranium in BNFL effluent (for 
example, 10,936 kg in 1977)" the levels for uranium in the Esk 
sediments are normal. Recent measurements’” have shown that 
the isotopic composition of uranium in Esk sediments does not 
show the presence of significant levels of depleted uranium 
despite problems associated with the production of MU from 
the decay of Pu. However, the hot particles from surface 
water of the Esk seem to contain a emitters which would be 
compatible with the presence of U and *’’Np. The spectra do not 
contain *?°Ra or daughter products or thorium isotopes which 
could be attributed to natural sources. Therefore, the presence 
of the (U-Np)-Pu-Am-Cm radionuclides in some hot particles 
is interpreted as evidence that they represent original effluent 
materials. The lifetime for uranium-bearing particles in the sea 
is not known. A 40.5 mm uranium rod placed in seawater 
(oxygenated or reduced) decomposes within a few weeks to give 
dissolved species and finely disseminated uranium oxides which 
them slowly dissolve. It seems unlikely that any uranium-rich 
particle would survive intact for very long in the sea, thus they 
are unlikely to be present in deposited sediments, but could 
occur in the water column as a result of recent transport. 
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Uranium behaves in a conservative manner in seawater and 
using levels for '*’Cs (also conservative) in seawater off Wind- 
scale as a measure of effluent levels, it is calculated that if the 
1977 discharges of U were totally dissolved in the sea this would 
give rise to a concentration of 0.03 pg U1 for offshore water, 
and 0.1 wg U1"! for near-shore water, which would be difficult 
to detect in the presence of normal levels of ~3 ug U1"! for 
seawater’. 

Spent Magnox fuel rods are usually kept submerged in tanks 
held at pH 11.5, containing only trace quantities of CI’, CO; 
and SO2” ions to prevent solution of the Magnox; usually 
imperfection and impurities cause some uranium fuel loss and 
this accumulates on the bottom of the tanks. Before recent 
improvements in waste treatment, the final low activity tanks 
were maintained at pH 2-3 which would precipitate iron, 
present as a contaminant, and coprecipitate the actinides’’. 
Before discharge into the sea the effluent is treated with 
ammonium hydroxide which will predispose any remaining 
actinides in solution to assume less soluble forms (that is, 
colloids). Magnesium derived from the Magnox cladding is also 
likely to be present in the effluent. The released effluent has a 
complex composition and apparently contains particulate 
phases, some of which would dissolve in the sea (when dis- 
persed) according to individual compositions. Radionuclide 
compositions of particles found in the Esk are similar to those of 
the original effluent before discharge, therefore are highly 
unlikely to have been formed in situ in the Esk. In the sea, 
magnesium hydroxide particles are likely to dissolve slowly 
while labelled iron particles would be transported further, and 
then become subject to solution processes in the organic-rich 
surface sediments of the Esk as a result of geochemical recycling. 
In the Esk interactions with freshwater and flocculation proces- 
ses which occur at the salt-freshwater interface would assist 
dissolution of particles. 

Dissolution of hot particles is supported by the form of the 
particulates. Hot particles with well defined form such as shown 
in Fig. 2 have been found in surface sediment and water, but are 
not always associated with the low-energy a emitters. In buried 
sediments occasional hot particles are present, but usually of 
lower activity. They often tend to have dimensions of ~10 (a 
and b axis) X 30 (c axis) ym and would not be inconsistent with 
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Fig. 3 Ratio Pu/Am for sea surface particulates and other 
material (see Table 1). 
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the gradual solution of the surface water particles shown in Fig. 
2. The hot particles associated with particulate matter sampled 
at the sea surface, and hence available for transfer into marine 
aerosols, have a mean particle diameter suitable for entry into 
the lung of man. In relation to potential health hazards to man 
the levels of currently released radionuclide effluents may be of 
more concern than those retained in older sediments where hot 
particles are less abundant and a diffuse distribution of a activity 
is more common, possibly reflecting redistribution as a result of 
geochemical recycling. Apart from the release of transuranics in 
effluent into the sea there is also a need to consider releases from 
the BNFL stacks and from the uncovered uranium fuel rod 
cooling ponds. Cambray and Eakins’? have shown that Pu is 
present in soils up to ~10 km from the Cumbrian coast and is 
either derived from direct emissions from Windscale or 
indirectly from the sea. Gorham’? has shown that within the 
region, up to a distance of at least 51 km from the coast, almost 
all the sodium and chloride ions in tarns (altitude 15-275 m) is 
derived from sea spray. Cambray and Eakins noted a correlation 
between Na and Pu and favour the sea surface as a major source 
for the Pu. Apart from the transport of conservative species of 
Pu and Am in droplets of seawater in marine aerosols the 
possibility exists for entrainment of the small sea surface hot 
particles which I have also found in soils, lichens and one 
ombotrophic peat inland from the coast. So far their distribution 
has not been evaluated because of difficulties in developing an 
acceptable programme of valid statistical sampling of such 
diffuse distributions. 

Using conventional air sampling methods Pattenden et al. 
note that Pu isotopes, “*'Am and '*’Cs are present in airborne 
and deposited material in west Cumbria in excess of the quan- 
tities expected for nuclear weapon tests. Excess actinides are 
considered to be derived from sea-spray and surf, but based on 
measurements of '*’Cs this cannot be accounted for by transfer 
of bulk seawater in the form of droplets. They note that con- 
ventional sampling methods are not efficient for samples with a 
mean particle diameter of >20 jm because the inertia of large 
particles limits an ability to follow a moving air-stream. Using 
the CR-39 method I have observed that while the highest 
specific activity of resuspended air and sand particles is usually 
associated with those of a mean particle diameter of <20 pm, 
there is an abundance of uniformly-labelled large particles 
which consist of coated sand grains (mean particle diameter 
100-300 um) and ferrunginous flocs’. In an examination of 
~ 1,000 particles from the Esk region (resuspended silts, rocks, 
lichens) only one~500 um particle was found to have a specific 
activity comparable with the sea-surface hot spots. The contri- 
bution of diffuse labelled large particles to sea-surface type hot 
particles is being investigated and is likely to be significant. 
CR-39 is capable of identifying the distribution of the hot 
particles on foliage and the surface of soils distant from Wind- 
scale and such a programme has been implemented. Because of 
the considerable uncertainties in even measuring maximum 
permissible levels of Pu in the human lung it would be useful to 
determine the distribution and composition of these hot parti- 
cles in Cumbria and adjacent areas and evaluate their 
importance to man. 
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Specific acyclic isoprenoids as 
biological markers of methanogenic 
bacteria in marine sediments 
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The widespread occurrence of extended hopanoids in sediments 
and petroleums illustrates the importance of bacterial lipid 
contributions to geological materials’. In archaebacteria, 
however, hopanoids are absent’; their role as structural 
components of biomembranes is fulfilled by acyclic iso- 
prenoids’*. Recent studies’ of the lipid constituents of 
archaebacteria have greatly extended the range of acyclic iso- 
prenoid skeletons known in organisms (Fig. 1). In particular, 
isoprenoids with head-to-head linkages have been identified", 
and such compounds (for example, 3,7,11,15,18,22,26,30- 
octamethyldotriacontane, I) have been recognized in 
petroleums’* and as degradation products of Messi 
kerogen™™, Here we report the first recognition of 
2,6,10,15,19-pentamethyleicosane (II), a known component of 
methanogens**, in marine sediments of Recent to Cretaceous 
age (Table 1) and suggest that it and certain other acyclic 
isoprenoids may be used as biological markers for methanogens. | 
Until recently, the geologically occurring isoprenoid alkane, 
squalane (III), first characterized in a Nigerian oil'?, was 
generally believed to originate from geochemical reduction of 
squalene (IV). The discovery of squalane in several immature 
marine sediments'*”'’, including Recent sediments'*"“, sugges- 
ted that such a reduction must occur rapidly in the upper layers 
of sediment and therefore be microbially mediated. An alter- 
native explanation is that squalane represents a direct input 
from organisms and the recent recognition of squalane in 
archaebacteria supports this proposition. If, in general, 
archaebacteria are important contributors of lipids to sediments, 
one would expect to find other compounds uniquely biosyn- 
thesized by these organisms in geological materials, One such 
compound seems to be 2,6,10,15,19-pentamethyleicosane, 
which has been found in methanogens** but not in the other 
types of archaebacteria, or in marine phytoplankton, such as 
diatoms, dinoflagellates, silicoflagellates and coccolithophores, 
which are major sources of sediment lipids. In addition, it has 
not been detected in zooplankton, although these organisms 
frequently contain another acyclic isoprenoid alkane, pristane, 
derived from chlorophyll’. 
2,6,10,15,19-Pentamethyleicosane (I1), squalane (HI) and 
lycopane (V) were identified in the sediments by comparison of 
their mass spectra, obtained by computerized gas chromato- 
graphy—mass spectrometric’? analysis of hydrocarbon fractions, 
with literature and/or reference spectra, Each sediment was 
extracted using ultrasonication; the total lipid extract was 
separated by TLC yielding a hydrocarbon fraction which, in 
some cases, was further separated by urea adduction. The mass 
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1 3,7,11,15,18,22,26 ,30-octamethyldotriacontane (Cagiao) 


I} 2,6,10,15,19-pentamethyleicosane (Cogkco) 





lil squalane (2,6,10,15,19,23-hexamethyltetracosane , Cantiga) 


Iiv squalene (2,6,10,15,19,23-hexamethyItetracosa~-2,6,10,14,18,22-hexene, Caso) 
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y iycopane (2,6,10,14,19,23,27,31-octamethyldotriacortane, Cagtge! 


VI 2,6,10,14,18-pentamethyleicosane {Cashen} 


AAAA 


VIL 2,6,10,14,19-pentamethyleicosane (Cochen) 





YILI lycopene (2,6,10,14,19,23,27,31-octamethyldotriaconta-2,6,8,10,12,16,18,20-7 
t 22 24,26, 30-tridecaene , Caoteg) 


t 
ws 


ix tenes (2,6,10,74-tetramethy!~ | x 
phy peetadecanes. Coola! 


Fig. 1 Structures of acyclic hydrocarbons. 


Fig. 2 Gas chromatogram (GC) of 
the branched/cyclic hydrocarbons of a 
Pleistocene diatomaceous clay/silty 
claystone (DSDP Leg 57, sample 57- 
440B-8-4; Table 1) from the Japan 
Trench. Peaks: A, pristane; B, 
3-methylheptadecane; C, phytane; 
IX, phytenes; D, 4-methyloctadecane, 
X, 2-methyloctadecane; E, C2sH44 
bicyclic alkadiene of unknown 
structure***°; II,  2,6,10,15,19- 
pentamethyleicosane; F, tetracyclic 
alkane related to jupane***’; Hil, 
squalane; G, hop-17(21)-ene; H, 
neohop-13(18)-ene; J, neohop-12- 
ene; K, fern-7-ene; L, 178H,21BH- 
homohopane. GC conditions: 20m 
OV-1 wall-coated glass capillary, 
programmed from 50 to 265 °C at 4 °C 
per min after splitless injection at 
ambient temperature. A prominent 
feature of the GC trace is the apparent 
‘hump’ which in crude oils and 
polluted sediments would be attri- 
buted to a background of thermally 
matured hydrocarbons. In this sample, 
however, the concentrations of other 
- individual hydrocarbons (for example, 
steranes and hopanes) commonly 
associated with the ‘hump’ is small; hence, it is uncertai 
alternatively, shipboard contamination with drilling lubricant. 


2-methyloctadecane 


Response 


136 


spectrum of 2,6,10,15,19-pentamethyleicosane (II) is distinct 
from those of VI (2,6,10,14,18-pentamethyleicosane) and VII 
(2,6,10,14,19-pentamethyleicosane) for several reasons “Y, 
particularly the absence of m/z 253 in II. The assignments of 
squalane (III) and lycopane (V) were corroborated in a number 
of cases by gas chromatographic co-injection with authentic 
standards. Components were quantified from their gas chroma- 
tographic responses. 

The recognition of 2,6,10,15,19-pentamethyleicosane (ID) in 
three marine environments where methanogens have been 
recognized and/or high concentrations of methane have been 
found (Table 1) suggests the working hypothesis that this alkane 
marks a contribution of lipids from methanogens to marine 
sediments. An isomer, 2,6,10,14,18-pentamethyleicosane (VI), 
recently found in thermoacidophilic bacteria’, has previously 
been reported as a constituent of various shales”, oils”??? and 
sediments2*. The occurrence of squalane (III) may also reflect 
methanogenic activity in these marine sediments (Table 1), 
although this compound has been found in both thermoacido- 
philic and methanogenic bacteria’. However, significant inputs 
to marine sediments from thermoacidophilic and halophilic 
bacteria are improbable, although such archaebacteria may be 
important sources of lipids in other environments, for example 
in the Dead Sea’. Lycopane (V) is another isoprenoid alkane 
found in significant quantities (see Table 1) in Recent'*'*"” and 
ancient?® marine sediments. It could be formed by diagenetic 
reduction (perhaps microbial) of lycopene (VIID)'*'°"” but, by 
analogy with squalane, a direct bacterial origin is also possible. 
Indeed, the Recent sediments in which lycopane has been 
reported are all environments where methanogenic activity has 
been documented (Table 1). 

In older and more deeply buried sediments, after methano- 
genic biological activity has ceased, the presence of methane and 
the lipid signatures may attest its former existence. Hence, in the 
Pleistocene to Miocene sediments of the Cariaco and Japan 
Trenches, the presence of methane in high concentrations??? 
and the recognition of the isoprenoid alkanes H and II (Table 1) 
indicate past biological methanogenesis in these sediments. In 
more mature sediments the presence of methane alone cannot 
be used as an indicator of former methanogenic biological 
activity. For example, the methane in the Moroccan Basin 
turbidites (Table 1) is thought to be migrated rather than 
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Table i Concentrations of 2,6,10,15,19-pentamethyleicosane (II), squalene (II) and lycopane (V) in selected marine sediments 


Location (lat, long) 





Sub-bottom Geological age Concentrations (ng per g dry sediment weight) 
Sample codes depth(m) (Myr BP) Dominant lithology H TI V CH, 
Walvis Bay 
(22°35'S, 13°45’E) 
1/75 (0-0.1) 0.05 Holocene (< 0.01) Diatomaceous ooze 250 ND 180 High* 
Gulf of California 
(27°15'N, 111°31'W) 
64-481-2-2 Ta Holocene (< 0.01) Diatomaceous ooze 16 23 68 Hight 
Cariaco Trench 
(10°43'N, 65°11'W) 
15-147B-1-2 3 Holocene (< 0.01) Calcareous clay 1.1 0.7 14 z 
15-147B-5-5 48 Pleistocene (~ 0.1) Calcereous clay + + + Hight 
15-147C-3-3 138 Pleistocene (~ 0.25) Calcareous clay 6.7 5.3 57 
Japan Trench 
(39°44'N, 143°48'E) 
56-435-13-2 115 M. Pleistocene (~ 3) Diatomaceous clay 0.8 0.4 ND 4468 
(39°56'N, 145°33’E) 
5$6-436-11-4 99 U. Pliocene (~ 2) Diatomaceous vitric clay 0.3 0.6 ND 5 
(39°44'N, 143°56'E) 
57-440-5-6 42.5 U. Pleistocene (~ 0.5) Diatomaceous silty clay 0.3 0.8 ND 115 
57-440A-7-6 139 L. Pleistocene (~ 1) Diatomaceous silty clay 1.5 2.8 ND 842 
§7-440B-3-5 166 L. Pleistocene (~ 1) Diatomaceous clay 1.9 3.1 ND 803 
57-440B-8-4 212 L. Pleistocene (~ 1) Diatomaceous clay/silty claystone 1.7 1.7 ND 1596 
57-440B-23-4 354 U. Pliocene (~ 2) Diatomaceous claystone/silty claystone 0.5 0.4 ND 151 
57-440B-39-3 504 L. Pliocene (~ 4) Diatomaceous claystone 2.8 1.8 ND 215 
57-440B-68-2 778 U. Miocene {~ 6) Silty claystone 1.4 1.7 ND 289 
Blake-Bahama Basin 
(28°14'N, 75°37'W) 
44-391A-13-0 §25 L. Miocene (~ 20) Siliceous mudstone + ND ND 
44-391C-6-3 691 U. Albian(~ 100) Claystone + + ND NA 
44.391C-12-4 959 Aptian (~ 110) Calcareous claystone ND ND ND 
Moroccan Basin 
(32°S0'N, 10°48’W) 
50-416A-9-2 1179 Hauterivian (~ 125) Turbidite 0.4 0.5 ND 11.4] 
50-416A-14-4 1228 Valanginian {~ 130) Turbidite 0.3 0.5 ND ND 
50-416A-18-2 1266 Valanginian (~ 130) Turbidite 0.1 Tr ND ND 
$0-416A-23-3 1313 Valanginian (~ 130) Turbidite Tr 0.2 ND 14.9 
50-416A-28-4 1362 Valanginian (~ 130) Turbidite Tr 0.1 ND ND 





trace (<0.1 ng per g) amounts of component present. 


| Detailed analyses of the lipid distributions of H, IH and V are reported elsewhere 





S-17.38-38 ND, not detected; NA, not analysed; +, minor amounts not quantified: Tr, 


*CH, found (90-2,926 and 10-91 ng per g) in subsections of sediment cores up to 2.3-m depth from nearby locations (22°47'S, 14°26’E and 23°14'S, IONE, 


respectively) and attributed to methanogenic bacterial activity”. 


+CH, occurs in Site 481 sediments*’ and is abundant (2,190-7,520 ng per g) in the subsurface sediments (2.51-3.45 m) collected about 8 km to the north-east (27°23'N, ~ 
111°27'W), with °C values (— 68.8 to ~ 73.5) indicating its biogenic origin*°, Methanogenic bacterial activity has been recognized in an overlying sample (64-481-1-2) 
from 2.9-m depth*' and shallow sediments (0.5-1.7 m) from a nearby site (27°09’N, 111°08°W)*2. 

+CH, detected in gas pockets to 175-m depth at Site (147 (ref. 28) and found in high concentrations (> 200 ng per g) in other shallow sediments {0~1.6 m) from the area”, 
Methanogenic bacteria have been isolated from nearby surface sediments within the western basin of the Trench (10°37'N, 65°26'W)**. Lycopane has also been recognized 


in shallow sediments (0-5.5 m) from the eastern basin (10°32’N, 64°39'W)"4 
§Data for adjacent samples from ref, 29. 
Data for adjacent samples from ref. 30. 


indigenous gas’. Hence, the presence of the acyclic isoprenoid 
alkanes provides a better geological record of biological 
methanogenesis than the presence of methane. 

In the Holocene sediments the differences in the relative 
proportions of II, III and V may result from dissimilar 
methanogen populations, as methanogen lipid compositions are 
species dependent*®. In addition, the variability in their 
concentrations in these sediments may reflect the intensity of 
biological methanogenesis. The deeper and older sediments 
tend to contain lower concentrations than do the Holocene 
sediments (Table 1), partly because other microorganisms may 
have degraded the methanogenic lipids. Other factors may be 
involved, for example, the known flux of terrestrial material in 
the Japan Trench sediments and Moroccan Basin turbidites may 
have diluted the methanogenic lipid signature*'. Such factors, 
however, tend to restrict rather than invalidate the use of acyclic 
isoprenoid alkanes as biological markers of methanogens. 
-Although the Cretaceous samples contain only low concen- 
trations of H and II, the mere presence of these compounds is 
presumptive evidence for methanogenesis at the time of 
deposition. Methanogenic bacteria seem, therefore, to be 
important contributors of lipids to deep-sea sediments at 
present and in the geological past, presumably as.a result of their 
activity at appropriate E, (redox potential) zones in the sub- 
bottom sediments. The significance of archaebacterial contri- 


butions to petroleums has already been demonstrated”*, but 
present evidence suggests that specific acyclic isoprenoid alk- 
anes may also be environmental indicators. That they. are 
important constituents of sediments can be seen from their 
relative abundances in branched/cyclic (urea non-adducted) 
hydrocarbon fractions (Fig. 2). Future investigations should 
include stereochemical determination of these acyclic iso- 
prenoid alkanes in sediment extracts, as their configurations will 
reflect their origin and diagenetic history’***, together with 
studies of the sterochemistry of these compounds in methano- 
genic bacteria. 

Other isoprenoid hydrocarbons may also arise from 
methanogens. Squalene (IV) and phytenes (IX) have been found 
in young marine sediments’”’’, but could originate from other 
sources—for example, phytenes may be products of phytol or 
dihydrophytol diagenesis**. Thus, these compounds cannot 
generally be regarded as definitive indicators of archaebacterial 
inputs to sediments. An additional group of acyclic hydro- 
carbons biosynthesized by archaebacteria® is branched alkanes 
(for example, 2-methyloctadecane, X); these compounds also 
occur in deep-sea sediments’’ (Fig. 2). Indeed, most of the 
prominent branched/cyclic hydrocarbons of the Japan Trench 
sediments (Fig. 2) can be ascribed to bacterial origins. In view of 
their recent recognition in a bacterium”’, the presence of hop- 
17(21)-ene (G), neohop-13(18)-ene (H) and fern-7-ene (K) in 


Temmen aeea aan aa e a a r perrerinermenmetenereenn rr rarrrrorsnunnenineenpetitndttitiniiiRteeeictnes 


696 


Nature Vol. 290 23 April 1981 





immature sediments probably reflects autochthonous inputs 
from bacteria rather than terrestrial inputs from ferns'*”’. It 
seems likely, by analogy, that neohop-12-ene (J) is also of 
bacterial origin. 

Thus, there is growing evidence in support of major bacterial 
lipid inputs to marine sediments. The presence of components 
which seem to be biosynthesized uniquely by methanogens, such 
as 2,6,10,15,19-pentamethyleicosane, suggests that these 
bacteria are important contributors of alkanes to marine sedi- 
ments. 
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Anomalous “C depletion in early 
Precambrian graphites 
from Superior Province, Canada 
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The carbon isotope composition of organic carbon is potentially, 
at least, a guide to the conditions in which and to the organisms 
by which it was formed. The isotopic composition of most 
Phanerozoic kerogens, measured as 5 °C values, lies within the 
range —20% to —30%. Most (~65%) samples of Precambrian 
organic carbon, now represented by graphite and other forms of 
reduced carbon, have isotopic ratios within the same range, but 
in others the concentration of ‘°C is significantly depleted by as 
much as 10%. The causes of this depletion have an obvious 
bearing on the conditions of life in the Precambrian. Here we 
report the results of our measurements of samples of graphite — 
from the Archean of the Superior Province of Canada, one of 
which being the most depleted in °C ever found in the Pre- 
cambrian. We explain this °C depletion by organisms in some 
areas living on CO, oxidized from CH, that has been formed by 
methane-producing bacteria in Precambrian stratified seas. 

Some 35% of the Precambrian graphite samples measured 
have °C concentrations which lie outside the Phanerozoic 
range. Enrichment has usually been explained by the pref- 
erential loss of °C during metamorphism’, but depletion is 
harder to account for. It has been suggested that depletion may 
be a consequence of higher CO, partial pressure in the Pre- 
or may have come about because of the pre- 
dominance of mpi depleted in °C in Precambrian organig 
matter’. 

All °C/"°C ratios of graphite samples from the Archean of 
the Superior Province studied so far were within the range of 
Phanerozoic kerogens®. They were from graphites associated 
with sulphidic and oxidic-iron formations and their transition 
zone. Iron formations are commonly intercalated between vol- 
canoclastic sediments, less common between volcanic flows, and 
closely associated with cherts, carbonaceous argillites and 
graywackes. Iron formation horizons can often be followed for 
tens of kilometres indicating extensive sedimentary. basins; the 
Michipicoten area of northwestern Ontario is a typical example. 
The isotope ratios of graphites from iron formation horizons of 
this area all lie in the range —20 to —28% (ref. 8). This range also 
covers the only sample of this report collected in a similar 
sulphidic iron formation environment of the Savant Lake- 
Sturgeon Lake area in northwestern Ontario (102 PQ, Table 1). 

- The other nine samples on which we report were collected 
from drill holes in a different type of sulphidic graphitic sedi- 
ments which occur within the volcanic piles themselves. These 
sediments consist of thin layers of graphitic sulphidic tuffs or 
interflow sediments with strike lengths of the order of only 
100-—1,000 m. In contrast to the large sedimentary basins with 
extensive iron formations these short graphitic horizons are 
imbedded in local depressions the size of which is indicated by 
the strike lengths of the graphite horizons derived from airborne 
and ground geophysics. One of these horizons extends over a 
distance of 1,400 m but all others stretch only a few hundred 
metres indicating rather. small pools, 
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Table 1 Field data and analytical results 


5 *Cpps | Geological environment | 
(Zo) Footwall Hangingwall 
~25.9  Rhyolite tuffs Intermediate to mafic 


—22.5 Dacitic tuffs and Dacitic tuffs and 
shales shales 
-26.9  Mafic to intermediate Mafic to intermediate 
tuffs tuffs 
~26.9  Mafic to intermediate ` Mafic to intermediate | 
tuffs tuffs 
~24.6 Cherty sediments Cherty sediments and 
massive sulphides 
21.0  Mafic fragmentals Siltstone and mafic 
tuffs 
-25,2  Mafic fragmentals Siltstone and mafic 
tuffs 
-35.5  Tuffaceous shales Tuffaceous shales 
-38.3 Rhyodacite Andesite 
~43.8 — Interbedded mafic 


flows and tuffs 


S* 

Lat. By 

Samples Long. Location Tt 
. (m) 
. 102 PQ 50°23'N Conant Township 0) 
90°34'W NW Ontario 8,000 
Wabigoon Belt 4 
U6 50°23’N Conant Township 800 
90°34'W NW Ontario 1,400 
Wabigoon Belt 2.4 
A 3/18 47°08'N Township 26, R 1,200 
84°14'W Range 13 (Olsen) 250 
Ontario, Batchawana 0.9 

Wawa Belt 

A 3/28 47°08'N Township 26, R 1,200 
84°14'W Range 13 (Olsen) 250 

Ontario, Batchawana 0.9 

Wawa Belt 

S2 49°16'N Heaven Lake 800 
89°42'W NW Ontario 210 

Wabigoon Belt 15 

K 1] 49°590'N Onaman Lake area 400 
87°42 W ss NW Ontario 270 

Wabigoon Belt 3.1 

K 10| 49°59'N Onaman Lake area 400 
87°42'W NW Ontario 270 

Wabigoon Belt L7 

K 2¢ 49°59/N Onaman Lake area 1,100 
87°42'W NW Ontario. 150 

Wabigoon Belt 4.7 

K6 49°S0'N Sandra Township 900 
78°41 W NW Ontario 275 

Wabigoon Belt 3.3 

X-1 48°50’N Languedoc Township 700 
78°41'W Quebec, Abitibi Belt 360 

5.0 


Mafie flows 
to intermediate tuffs ; 
and shales 


_ Thesamples were crushed and treated with diluted acid to remove possible carbonate material, and then burned at temperatures of 900 °C in a stream 
of pure dried oxygen using a copper oxide catalyst. The resulting CO, was analysed for its carbon isotopic composition with a triple collecting 
mass-spectrometer (VG 903). Usual corrections were applied and the isotopic composition is reported as -value versus the PDB-standard. All 
samples were processed twice. The reproducibility as determined from double measurements is +0.2%. The NBS graphite standard has been 
determined at ~28.2 + 0.1%. (8-values are defined as relative deviations from the PDB standard where § °C = (Reampie/ Rstandara ~ 1) x 1,000% where 


R is the isotope ratio **C/"*C.) 
* Stratigraphic distance to top of volcanic pile. 
+ Length of graphite horizons. 
+ Thickness of graphite horizons. 


§ Two graphite horizons in the same drill hole separated by a 15 m stratigraphic section. 


|K 1 and K 10 same graphite horizon 60 m apart along strike. 
{ Horizon of K 2, 700 m stratigraphically lowér than K 1 and K 10. 


The volcanic and sedimentary host rocks of the graphite 
horizons have been metamorphosed in greenschist facies con- 
ditions. Typical mineral assemblages in the volcanics are 
chlorite, actinolite, epidote, albite, quartz and sericite. Samples 
A3/1, A3/2 and X-1 are from the Abitibi-Wawa volcanic 
plutonic belt for which radiometric data indicate an age of 
~2,750 Myr; all other samples are from the 2,800-Myr old 
Wabigoon volcanic plutonic belt?" Our graphite samples come 
‘from bands and layers intricately intercalated with vol- 
canoclastic sediments, indicative of their indigenous nature. 
-` Microscopic examination shows that graphites form flakes which 
- are commonly oriented parallel to the schistosity; optically the 
~ flakes display a clearly visible pleochroism which proves the 
‘graphitic nature of the carbonaceous matter. 

Table 1 gives the results of our isotope analyses and some field 
data, obtained from exploration drilling. The geological position 
of the graphite horizons is estimated from their stratigraphic 
distance to the top of the volcanic pile which varies between 
1,200 and 0 m, mostly being 400-900 m. 





Seven of the 10 samples analysed revealed 5 °C values 
between —21 and —27%.—the normal range within the spread of 
data of many other Precambrian samples (Fig. 1). Three samples 
show significant depletion in the heavy isotope with 8 °C values 
between —35% and as low as —43.8%,; this value is among the 
lowest “°C concentration ever reported for Precambrian 
reduced carbon. The field data indicate a common geological 
setting even for those localities which yielded the anomalously 
low `C graphite data. Sample K2 from the Onaman Lake area 
in northwestern Ontario with an extremely low 6 °C value was 
taken in the same volcanic pile only 700m away from two 
normal value samples (K1 and K10). 

Anomalous °C depletion (6 °C less than ~30%) in Pre- 
cambrian organic matter has been reported previously**'7"1*"° 
(Fig. 1), But some of the values shown in Fig. 1 are not indicative 
of the primary source. For example, 6 ‘°C values of —37.01 and 
-39.1% respectively have been reported for the so-called 
anthraxolites*. Stringers of visible carbon in limestones were 
also found to be depleted in °C (6 "C=~37 to ~—41%) as 
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compared with disseminated carbon which had ‘normal’ values 
around —26 to —33% (ref. 16). Secondary effects must have 
been operative to form both the anthraxolites and the stringers 
which forbids any conclusion as to their original isotopic 
composition. Such secondary effects are ruled out for our 
graphite samples (data set 1 in Fig. 1). They are undoubtedly of 
syngenetic nature which is indicated by the above described 
primary sedimentary features. 

Thus the anomalous '*C/'*C isotope ratios indicate special 
environmental conditions which must have prevailed in some of 
these small depressions. These special conditions are assumed to 
have prompted the organic species to incorporate the ‘*C- 
isotope more readily. 

We discarded the theory that in some pools specific assem- 
blages of organisms had different isotope fractionations when 
assimilating carbon. Also, we consider it unlikely that various 
differing metabolic systems were involved. 

The change of the isotopic composition of the carbon source is 
therefore considered in the following as the process which may 
easily explain such a large change in organic '*C/'*C ratios as we 
observed or even larger changes. In all cases the formation of 
graphite is closely interrelated with the occurrence of sulphidic 
sediments indicating areas of hydrothermal activity. The dis- 
charge of hydrothermal brines into morphological depressions is 
likely to cause a stratification of waters as described for the Red 
Sea brine pools, the Lake Kivu or more recently from below the 
Gulf of Mexico'!”?°. The brines prevent vertical mixing and 
thereby act as traps for organic debris. Methane can form in such 
environments and may have become trapped in the stratified 
waters. The formation of methane by bacteria is the only 
geochemical process known to bring about appreciable '°C- 
depletion (typical 6 ‘°C values are around —60 to —80%). 
Methane may become oxidized to CO, when appreciable resi- 
dence times within the stratified waters allow CH, oxidizing 
organisms to grow’. The CO, from methane oxidation is even 
more depleted in “C than the methane”’ and its “°C concen- 
tration can range from —70 to —90%. Such '°C-depleted CO, 
would then be admixed to CO, which may have been derived 
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Fig. 1 Frequency distribution of 6 '*C values of Precambrian 
reduced carbon compared with Phanerozoic kerogens. 1, This 
paper; 2, graphites from various Precambrian iron- 
formations 31121415, 3, disseminated carbon and carbon 
stringers from the middle Precambrian Transvaal dolomite'®; 4, 
various Precambrian formations’’, Phanerozoic kerogen values 


are unpublished data of the BGR stable isotope laboratory. 
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Fig. 2 Hypothetical explanation of the BC depletion in Pre- 
cambrian organic carbon. Stratified waters are traps for methane 
which is bacterially produced in the stratified waters. Oxidation in 
the sediment or at water interfaces would generate HC depleted 
CO, as a carbon source for metabolizing eukaryotic biota. 


from hydrothermal solutions or from air CO, to form a carbon 
reservoir, depleted in ‘°C (Fig. 2). Oxidation of CH, to CO; does 
not necessarily need free atmospheric oxygen because anaerobic 
methane oxidation is performed in nature by sulphate 
reducers”?”*: 


CH, +850; ~ HS +HCO; +H20 


and sulphate ions are likely to have been available from 


‘seawater or hydrothermal brines. 


Methane-producing bacteria are ubiquitous in nature and 
must be regarded as one of the earliest species of organized life 
on Earth. They may, therefore also have played an important 
role in Precambrian times. The above model, summarized in Fig. 
2, attempts to explain the as yet not understood variability of 
'3C /"2C ratios in Precambrian reduced carbon. The extent of “°C 
depletion would depend on the mixing ratio of normal CO, and 
CO, oxidized from CH,. An addition of 20% oxidized CO, toa 
CO, pool with an initial & '*C of -7% would change the organic 
carbon & °C by 14% in favour of the light isotope, that is, the 
isotopic composition of —43% found in one graphite sample 
would have required an addition of ~25% of COQ, which has 
been produced from CH, oxidation. Whether or not CH, and 
the CO, oxidized from it enters the CO, pool in which organic 
matter is metabolized depends on the specific situation of each 
basin. In shallow waters without stratification methane escapes 
without being oxidized; in well stratified waters methane is 
oxidized during diffusional exchange at density interfaces or 
alternatively at the sediment—water interface*’. Note that a 
relatively large fraction of our graphite samples (short non-iron 
formation horizons within the volcanic pile) is depleted in ‘°C 
(three out of nine). In the graphites from large basins, no 
'3C.depleted samples were found". This may be due to 
differences in basin dimensions: in small basins stratified waters 
are more stable than in large basins. 

The above processes are not necessarily confined to the small 
basins of the Archean of the Superior Province. They could have 
operated in other Precambrian areas where anomalous ‘*C- 
depleted reduced carbon is found. The bulk of reduced Pre- 
cambrian carbon has the same '*C concentration as Phanerozoic 
kerogens and the ‘*C-depleted reduced carbon might be 
explained by local effects. This reasoning argues against the 
interpretation of low '*C concentrations in Precambrian organic 
matter as being indicative of special conditions in the Pre- 
cambrian as compared with Phanerozoic times. The completely 
different environmental conditions (low O, partial pressure) 
obviously had not affected the basic processes of CO, assimi- 
lation. 

We thank Teck Explorations Ltd for permission to publish the 
data. 
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There seems to be an inverse relationship between the size of an 
animal species and its local abundance. Here I describe the 
interspecific scaling of population density and body mass among 
mammalian primary consumers (herbivores, broadly defined). 
Density is related approximately reciprocally to individual 
metabolic requirements, indicating that the energy used by the 
local population of a species in the community is independent of 
its body size. I suggest that this is a more general rule of 
community structure. 

Figure 1 shows the logarithm of mean population density 
plotted against the logarithm of mean adult body mass for 307 
species of mammalian primary consumers. As far as possible, 
the density values represent ‘ecological’ densities, that is, those 
which apply to the habitat area actually used by the species. The 


relationship is linear, with a slope of —0.75, and species densities 
seem to be restricted to varying within about one order of 
magnitude from the value predicted by the regression line. 
This analysis combines data from a wide variety of habitats 
throughout the world, and it is important that we know whether 
this overall pattern accurately reflects that found within indivi- 
dual communities; few, if any, mammal communities have been 
completely studied. To obtain a representative sample, I 
extracted from my data those sets yielding densities of three or 
more species within the same habitat type; these ‘constructed’ 
communities are shown in Table 1, with regression statistics. 
They include representatives of almost the whole range of 
habitat structures and primary productivity levels encountered 
by terrestrial mammals. None of the individual slopes, which 
vary from —0.56 to —0.95, differ significantly from —0.75, and » 
Levene’s test’ and an analysis of covariance? reveal no 
significant differences in variance about the regression, in slope, 
or in intercept. Pooling the data from the communities gives an 
estimated slope of —0.70, which is not significantly different 
from the value obtained for the overall regression (t-test). Thus, 
the overall trend gives a reasonable representation of that which 
we are likely to find within individual communities. 
Knowledge of population density scaling in communities 
allows us to consider the relative energy use of species among 
primary consumers of different sizes. Individual basal metabolic 
requirements are related to body mass by the power of 0.75 (refs 
3, 4). Estimates of the metabolic requirements of free-living 
mammals in natural habitats roughly parallel basal require- 
ments, but at a higher level, varying between ~ 1.5 and 3.0 times 
basal values*"'*. Thus they will also be related to body mass by 
the power of ~0.75. The energy used by the local population of a 
species equals the population density (D) multiplied by indivi- 
dual metabolic requirements (R), which yields the following 
relationship to body mass (W): DR«xW°"W°®’_ The 
exponents of W cancel each other, which gives the important 
result that the amount of energy that a species population uses in 
the community is independent of its body size. No mammal 
herbivore species, on an ecological time scale, has an energetic 
advantage over any other solely as a result of size differences. 
There are two important corollaries of this relationship. First, 
because secondary productivity for a given amount of assi- 
milated energy is independent of body size in mammals 
(Kleiber’s Law)’, it follows from the above that the secondary 
productivity of a herbivore species’ local population, and hence 
the energy that it yields to the next higher trophic level, is also 
independent of body size. Second, the standing-crop biomass of 
a species (population density multiplied by body mass) is posi- 
tively related to body mass by the ~0.25 power; this is a 





Table 1 Habitat types and constructed communities 





Community /habitat type a 

Sonoran desert, USA 0,63 
Mesquite grassland, USA and Mexico -0.56 
Boreal and subalpine forest, N. America ~0.79 
Lowland tropical rainforest, Malaysia —~0,60 
Transvaal lowveld (woodland~savanna), $. Africa —-0.61 
Mixed temperate forest, Poland ~Q.79 
Temperate grassland, USA ~0.67 
Tropical grassland, Rwenzori N.P., Uganda -0.79 
Tropical grassland, Sri Lanka* =O.79 
Ichu grassland, Altiplano, Peru* —0,82 
High arctic tundra, Canada” -0.95 
Sub-arctic birch forest and meadows, Norway* —0.83 
Southern pine~hardwood forest, USA* -0.91 

_ Northern hardwoods, USA * —0.57 
Oaks and chapparal, USA* -0.72 
Means of statistics —0.74 
Pooled data from above regressions ~0.70 


Se. r b n 
0.16 —0.76 3.37 14 
0.086 —().95 3.73 7 
0.080 (95 4,43 12 
0,089 ~0.90 2.61 13 
0.089 -0,93 3,78 10 
0.080 0.97 4,33 8 
0.13 —0,.92 3.28 7 
0.17 -0.81 3.59 13 
0.19 —0.92 4.59 5 
0.34 -0.99 3.93 4 
0.21 —()}.96 4,71 4 
0.72 —0.99 4.4] 3 
0.46 ~0.89 4.23 3 
0.11 —~(1,98 3.11 3 
0.021 —0.99 4.83 3 
0.20 0.93 3.93 — 
0.040 —~0.86 3.71 109 


Statistics are for standard least-squares regression equations: log D = a (log W) +b; s.e., standard error of the slope (a); r, correlation coefficient; n, 
number of species. Note that in the pooled regression, as some species are found in more than one habitat type, n = 109 includes only 92 separate 


species. 


* Due to small sample size and/or a single point at one end of the size range, the individual values for these regressions are not very reliable. 
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log D (number per km’) 


log W (g) 


Fig. 1 Population density (D) compared with the mean adult 
body mass (W) for 307 mammal primary consumers; each point 
represents one species. Density values for each species are the 
mean of the means from each locality from which data were 
reported for the particular species, (Data are from the literature for 
the years 1950-79, derived from 115 journals and numerous 
books, ~650 references in all.) The line represents the least- 
squares regression line, log D = —0.75 (log W)+4.23; r = ~0.86, 
standard error of the slope = 0.026. 


quantitative measure of a qualitative relationship that has been 
known for some time but only sporadically appreciated'*. Spe- 
cies of small mammals are able to produce, on average, the same 
amount of biomass over time as do species of large mammals, 
whereas at a given moment their standing-crop biomass is 
considerably less, because the population turnover rates and 
individual growth rates per unit weight of small species are much 
greater”? 

The widespread occurrence of an approximately reciprocal 
relationship between population density and individual 
metabolic requirements among mammalian herbivores suggests 
that a general principle is involved. The independence of species 
energy control and body size revealed by this reciprocal rela- 
tionship implies that random environmental fluctuations and 
interspecific competition act over evolutionary time to keep 
energy control of all species within similar bounds. It is unlikely 
that the occurrence of competition among species of different 
body sizes is restricted to herbivorous mammals. Along with the 
ubiquity of allometric scaling of metabolic rate with body size", 
this suggests that a reciprocal relationship, and particularly a 
value of ~—0.75, characterizes a broader range of taxa and 
trophic levels. These points will be discussed more fully else- 
where. 

I thank I. L. Heisler, V. C. Maiorana, D. M. Raup, V. L. Roth 
and L. Van Valen for comments, and acknowledge support from 
the University of Chicago and Field Museum of Natural History. 
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Patterns of distribution and abundance of sessile marine epi- 
benthic invertebrates are controlled by three factors: (1) the 
presence and abundance of larvae which are competent to settle, 
(2) the choice of settling sites by recruiting larvae, and (3) the 
biotic and physical events occurring during and after settlement. 
Although there is much information on the distribution of larvae 
and seasons of recruitment +°, substratum selection 4^ and 
post-settlement events ™*5, very little is known of the ecological 
and evolutionary relationships between these factors*’*”*. 
Natural selection acts on entire life cycles, thus information 
about these relationships is essential for understanding patterns 
of recruitment and survival. For example, sessile organisms can 
modify the course of post-recruitment events by selective 
settlement and directional growth’’. Here, I present evidence 
that the larvae of several taxa of marine invertebrates avoid 
substrata where there is a high probability of death caused by a 
superior spatial competitor. 

I found, as did Grave”, that in the Eel Pond at Woods Hole, 
Massachusetts (USA), the two compound ascidians Botryllus 
schlosseri (Pallas) Savigny and Botrylloides leachii (Savigny) 
cover, by area, over 50%, and sometimes 100%, of hard sub- 
strata during the spring and summer. This period includes the 
season of recruitment for most other colonizers. Thus, settling 
larvae are likely to contact a botryllid ascidian at some time 
during their lives. A common result of contacts between 
colonists is overgrowth of one organism by another*'~*’. In this 
way, overgrowth is a consequence of competition for space (and 
perhaps other resources*®), and therefore can be an important 
factor in the distribution and abundance of encrusting species. 

B. schlosseri is the most successful overgrower (along with 
B. leachii) in the Eel Pond (Table 1) and is rarely overgrown by 
other species. As it is such an important member of the Eel Pond 
epibenthic assemblage (considering the post-settlement events 
of overgrowth and coverage), I investigated the effects of its 
density on the recruitment of other taxa. 

B. schlosseri collected from the Eel Pond were placed in 
finger-bowls where they released larvae which were then trans- 
ferred to 10-ml polycarbonate dishes. Two hours after settle- 
ment on the sides of the dishes, the juveniles were teased off and 
re-attached to 5x 5cm glass plates. I set up three densities of 
juvenile Botryllus with three replicates of each: (1) 15 regularly 
spaced Botryllus juveniles, with all subsequent botryllid settle- 
ment removed daily; (2) 5 regularly spaced Botryllus juveniles 
with all subsequent botryllid recruits removed daily; and (3) no 
Botryllus juveniles with daily removal of all botryllid recruits. 
Three additional glass plates which initially carried no juveniles, 
but on which all recruits were allowed to remain, served as 
controls. 

Experimental and control plates were positioned horizontally 
in a Latin square arrangement*' below a floating dock at 1 m 
depth. The experiment was started on 20 July, 24h after the 
larvae had been transplanted. The lower side of each plate 
(which carried the juvenile Botryllus) was censused non- 
destructively until 28 July on a daily basis—this allowed me to 
distinguish between failure to settle and all but the earliest 
post-settlement mortality. 

Figure 1 shows the numbers of each species that settled on the 
glass plates. To determine if there were any differences between 
each of the three density treatments and the controls, the data 
for each species were analysed using the null hypothesis that 
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settlement was uniform in each case. y? tests unambiguously 
placed the species in two groups: (1) selective species or those 
for which settlement was not uniform between treatments 
(Fig. la, all P < 0.005) and (2) non-selective species or those for 
which there were no significant differences in settlement 
‘between density treatments (all P >0.2). When settlement on 
the plates carrying five B. schlosseri was compared with that on 
plates where all botryllids had been removed, settlement was 
uniform for all species (P >0.5). On control plates, where 
cumulative B. schlosseri settlement reached 15 per plate on the 
third day of the experiment, settlement of selective species was 
intermediate between that on plates carrying 15 B. schlosseri 
and those carrying none or five juveniles. This implies that the 
threshold for detection of B. schlosseri by selective species lies 
somewhere between 5 and 15 resident Botryllus juveniles. 
There is a clear relationship between patterns of recruitment 
and a species’ susceptibility to overgrowth. The species which 
did not settle on plates where Botryllus number was 15 (selective 
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species) were also overgrown by Botryllus in 1,008 of 1,048 
contacts (96.2%). These species are the first nine of Table 1, In 
contrast, those species which settled uniformly, regardless of | 
B. schlosseri density (non-selective species), were rarely over- 
grown by Botryllus (171 of 961 contacts or 17.1%). These 
species include the remaining 10 of Table 1. 

The mechanisms by which settlement is decreased for some 
taxa, but not for others, are unclear. Allelopathy?**** cannot 
account for these results, for when selective species do settle on 
the plates (for example, at low Botryllus densities), they often 
settle immediately adjacent to the competitive dominant. In 
addition, because Botryllus cannot ingest particles as large as 
most recruiting larvae**"’, selective predation does not explain 
the results, It is more likely that the settling larvae of some taxa 
can recognise the density of resident Botryllus, and reject sub- 
strata when that density exceeds a certain threshold. 

Selective settlement has been observed in a number of taxa, 
but it is not understood which factors make particular substrata 
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Fig. i The cumulative settlement for all species which settled during the experiment. Bars represent the mean settlement for the three replicates 
of each density treatment and the controls. Lines indicate the range of settlement values. The plates were arranged in a Latin square so that plate 
position effects could be detected: the x° analyses indicated that there were no significant differences between replicates, thus there were no plate 
‘position effects. Of the 60 transplanted larvae, only one died during the experiment. Any settler not immediately identified was allowed to grow 
after the term of the experiment until identification was possible. At the end of the experiment, none of the colonists covered >2 mm*, thus 
coverage was low. a, Data for species which showed a settlement effect at different B. schlosseri densities. These are termed selective 
species—this group includes four encrusting bryozoans, three tube-building polychaetes and two barnacles. All these species have feeding 
structures close to the substratum, thus easily obstructed by overgrowth. b, Data for those species which showed no significant differences in 
_ settlement at different Botryllus densities. These are termed non-selective species—this group includes four arborescent bryozoans, two 
stoloniferous hydroids, three solitary ascidians and two colonial botryllid ascidians. With the exception of the botryllids, all members of this group 
have elevated feeding structures and therefore are generally resistant to the effects of overgrowth (see refs 23, 28). 
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Table 1 Results of contacts between Botryllus schlosseri and the adults of the species which recruited during the period 20-28 J uly 1979 


Overgrown Wins 7 Ties 
Electra crustulenta 76 0 
Cryptosula pallasiana 159 0 
Schizoporella biaperta 43 0 
Schizoporella unicornis 58 0 
Spirorbis pagenstecheri 382 0 
Spirorbis borealis 118 13 
Balanus amphiitrite niveus 79 10 
Balanus eburneus 47 5 
Hydroides dianthus 46 5 
Botrylloides diegensis 147 108 
Tubularia larynx 3 87 
Bougainvillia sp. 2 32 


Bugula stolonifera 2 
Bugula turrita 4 
Bugula simplex 3 
Bowerbankia gracilis 6 64 
Moigula manhattensis 1 
Ciona intestinalis 1 
Styela clava 2 


Wins/total (%) 


Total Losses/total (%) 

78 76/78 (97.4%) 2/78 (2.6%) 
159 159/159 (100%) 0/159 (0%) 

43 43/43 (100%) 0/43 (0%) 

63 58/63 (92.1%) 5/63 (7.9%) 
382 382/382 (100%) 0/382 (0%) 
131 118/131 (90.1%) 0/131 (0%) 

89 79/89 (88.8%) 0/89 (0%) 

52 47/52 (90.4%) 0/52 (0%) 

51 46/51 (90.2%) 0/51 (0%) 
391 147/391 (37.6%) 136/391 (34.8%) 

84 3/87 (3.5%) 0/87 (0%) 

34 2/34 (5.9%) 0/34 (0%) 

61 2/61 (3.3%) 0/61 (0%) 

80 4/80 (5.0%) 0/80 (0%) 
102 3/102 (2.9%) 0/102 (0%) 

70 6/70 (8.6%) 0/70 (0%) 

27 1/27 (3.7%) 0/27 (0%) 

16 1/16 (6.3%) 0/16 (0%) 

97 2/97 (2.1%) 0/97 (0%) 


trae eee 

These data were collected during the summer of 1979 from contacts between animals living on algae, floating docks, rocks and glass plates in the Eel 
Pond. All contacts were followed from their initiation until their resolution by overgrowth or mutual retreat. Total contacts equal wins + losses + ties. 
A win is scored when Botryllus overtops and kills >50% of a colonial organism, or entirely kills a solitary organism. A tie is scored when growth of both 
participants ceases along a contact, or when Botryllus simply grows around another colonizer without perceptible harm to either. Although Botryllus 
infrequently overgrows certain taxa, it is rarely overgrown itself by any taxa. Nevertheless, the canopies of arborescent bryozoans and hydroids 


sometimes shade underlying compound ascidians. 3 


(or habitats) better than others. Notable exceptions include: 
(1) the gregarious settlement of some barnacles which 
apparently ensures cross-fertilization and viability of eggs****°; 
(2) the preferential settlement of predators, commensals and 
parasites near their prey, partners and hosts, respectively”; (3) 
the selection by some bryozoans and polychaetes of particular 
algae (or positions on these algae) which correlates with patterns 
of survival of juveniles and adults'”"'*°’; and (4) the gregarious 
settlement of some arborescent bryozoans which enhances their 
interspecific competitive ability”. 

The results from the Eel Pond indicate that some larvae can 
distinguish substrata where post-settlement events are likely to 
kill them. Apparently, these larvae avoid encounters with the 
competitive dominant, B. schlosseri, by settling away from dense 
stands of it. In comparison, the larvae that do settle where 
B. schlosseri is abundant are those most immune to overgrowth 
by it. Taken together, the data illustrate that competition during 
the post-settlement phase of an organism’s life cycle can strongly 
influence the evolution of habitat selection. 
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Research of the American Museum of Natural History. The 
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Fertilization potential in golden 
hamster eggs consists of 
recurring hyperpolarizations 
Shun-ichi Miyazaki & Yukio igusa 


Department of Physiology, Jichi Medical School, 
Tochigi-ken 329-04, Japan 





The fertilization potential, or activation potential, has been 
demonstrated in the eggs of various species’, and it has been 
shown to block polyspermy in echinoderm**, echiuran* and 
frog® eggs, but no studies have been reported of electrical 
phenomena occurring when mammalian eggs are fertilized. We 
report here the fertilization potential of golden hamster eggs in 
vitro. To correlate the change of potential with the interaction 
between sperm and egg, only one sperm was attached to each 
egg. We found that a sperm induces recurring hyperpolariza- 
tions, constituting a fertilization potential which differs from 
that in the eggs of other species. 

Mature eggs were collected from the oviducts of superovu- 
lated females® and freed from the surrounding cumulus cells and 
zona pellucida by sequential treatment with 0.1% hyaluronidase 
(~5 min at 23-26 °C) and 0.1% trypsin (4-5 min) in medium 
used for rat eggs’. Removal of the zona allows sperm to reach 
the plasma membrane soon after insemination. Spermatozoa 
obtained from the cauda epididymis were activated with 
acrosome reaction by incubation in modified Tyrode solution 
containing 20% human serum® and 1% bovine adrenal gland 
extract? at 37°C for 4h. All treatments and experiments were 
performed in a 0.4 ml drop of medium placed in a plastic Petri 
dish and covered with paraffin oil. A glass microelectrode was 
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inserted in an egg viewed in a phase-contrast inverted micro- 
scope and a small amount of the sperm suspension was added to 
the egg medium at 30-32 °C (final concentration 2,000-5,000 
sperm per 0.4 ml). Electrode resistances were in the range 40 to 
80 MO), and leakage current of a preamplifier was <2 pA. Each 
experimental egg was transferred quickly to sperm-free medium 
after withdrawing the electrode, and was incubated for 4 h to 
determine sperm entry by observation of male pronuclei. 

The resting potential of unfertilized eggs averaged —29 + 
7 mV (mean +s.d., n = 120), but 7% of the values were between 
~40 and —50 mV. The current-voltage relationship (I-V curve) 
was linear for potentials of between —100 and 0 mV, and the 
effective membrane resistance averaged 142+65 MQ (n = 98). 
The more negative resting potential tended to be associated with 
the larger membrane resistance, suggesting that there was a 
substantial leakage due to electrode impalement in most cases. 
The largest resting potential was ~50 mV with a membrane 
resistance of 400 MQ, which is estimated to be 66k0 cm’, 
assuming that the egg is a sphere of 72 pm diameter. 

Figure 1A shows the fertilization potential in the case of the 
severe polyspermy which usually occurs in zona-free eggs. The 
major potential change is a repetitive, transient hyper- 
polarization (H-response, HR) associated with an increase in 
membrane conductance. There was no observed HR during a 
10-min recording before insemination. The first HR had the 
following characteristics: peak potential, -72+8 mV (mean + 
s.d., n = 53); duration, 14+3s; membrane resistance near the 
peak, 28+ 9 MQ. The membrane conductance became 4.5+ 1.8 
times larger than that just before insemination. Successive HRs 
differed in minor ways: they became slightly longer and the peak 
became slightly less negative with a smaller increase in conduc- 
tance (Fig. LA). Summation of HRs was never observed, but 
they appeared in an all-or-none manner. The repetitive HRs 
persisted at almost constant intervals for at least 15 min while 
they were recorded, during which time some additional sperm 
attached to the egg after the initial rush of sperm. The resting 
membrane potential shifted gradually in the hyperpolarizing 
direction to ~ —40 mV, and the conductance increased while the 
I-V curve remained linear. A small depolarization which 
appeared immediately after insemination was not induced by 
sperm, but was caused by serum and/or adrenal gland extract in 
the sperm incubation medium (Fig. 1Ba,b). 

In the conditions used in our experiments, fertilization did not 


occur in 30% of impaled eggs. Table 1 indicates that the 


occurrence of HR(s) was associated with sperm entry into an egg 


Fig. 1 Fertilization 
potential induced by 
16(A), one (C) and four 
sperm (D). To monitor a 
change in the membrane 
conductance, repetitive 
current pulses were ap- 
plied through the intra- 
cellular electrode by 
means of a bridge circuit, 
with a current strength of 
0.3nA in A (bottom 
trace), and 0.2, 0.5, 0.5 
and 0.15 nA in Ba to D, 
respectively. The upper 
trace shows events which 
were marked electrically 
by the observer, and also 
indicates zero potential: 
ins, insemination; rush, 
- rush of sperm to attach to 
the egg surface; 1-4 at 
and st, attachment and 
stop of the first to fourth 


rush’ 
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Table 1 Correlation between HR(s) and fertilization 





HR (+)* HR (-) 
Sperm entry (+)* 44 eggs 4t 
Sperm entry (—) 34 20 





Sperm entry was determined by observation of male pronucleus or 
decondensation of sperm head. 

* Occurrence of HR or sperm entry, irrespective of the number. 

+ Additional sperm attached to the egg after the electrode was 
removed. It is likely that these sperm entered the egg. 

+ The eggs had been damaged, thus decondensation of the sperm head 
might be prevented. 


and that, conversely, sperm failed to enter eggs that had not 
shown any HR. When sperm with insufficient pretreatment were 
used, no HR was induced; these sperm have intact acrosomes 
and stick to the surface but never fuse with the egg’®. 

To correlate the occurrence of HR(s) with the interaction 
between sperm and egg, the number of sperm reaching an egg 
was restricted by reducing the concentration (1,000-2,000 
sperm per 0.4 ml) and by placing a glass half-ring around the egg 
as a barrier. The first sperm reached and attached to the egg 
several minutes after insemination (‘at’ in Fig. 1). Then, using a 
micromanipulator, we added another half-ring to form a closed 
ring. Active flagellar motion decreased fairly suddenly, 10-90 s 
after the sperm had attached. The sperm then stopped moving 
completely in 10-15 s, becoming straight (‘st’ in Fig. 1). Table 2 


-© shows that the first HR began in most cases within 10 s before or 
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after the stop of the first sperm: there was a fairly good cor- 
relation between the two events, 

In Fig. 1C, only one sperm bound to the egg throughout the 
experiment (Fig. 2A), and it was incorporated into the egg to 
form a male pronucleus (Fig. 2B). Three HRs appeared during 
11 min after the sperm had stopped moving. In 10 out of 13 eggs 
penetrated by a single sperm, 2-4 HRs appeared within 2 min 
after the sperm had stopped. The next HR tended to occur after 
a pause of several minutes, as in Fig. 1C. Another three eggs 
behaved differently: one showed a continuous series of small 
HRs and two showed only one. The recurring HRs were also 
recorded in a zona-intact egg. In the case of Fig. 1D, four sperm 
attached and stopped separately from each other, and all were 
found to be incorporated into the egg. The stops of flagellar 
motion of additional sperm did not always coincide with the 
occurrence of a HR. However, multiple sperm entries caused a 


$ 
ame ot ED 


a n 
70. aia 





E Sa? 


Oxi 


mT a TTT 


> err 


' oy 
na 


2st 3at Aat 
i as oe 


30s 


sperm. In B, a small depolarization associated with conductance increase was induced by addition of 20 ul of sperm incubation medium 
containing 20% human serum (Ba) or 1% bovine adrenal gland extract (Bb). The incubation medium itself had no effect. The egg was insensitive 
to the second application of serum (Ba). There was a 3-min interruption in the middle of Bb. Concentrations of major ions in the egg medium 


were as follows (mM): Na”, 


119; K*, 5.9; Ca**, 1.7; Mg?*, 1.2; CI”, 102; HCO}, 26 (equilibrated with CO, at pH 7.4). 








Fig.2 The egg from which the record of Fig. 1C was obtained. A, 
After recording of potentials; B, after incubation for 4 h. The egg 
was pressed with a cover slip in B to visualize pronuclei. Scale bar 
for A and B, 50 pm. sp, Sperm; el, electrode; pb, second polar 
body; f, female pronucleus; m, male pronucleus; t, sperm tail. 


continuous series of HRs without any long pause. The series of 
HRs persisted although no more sperm became attached. 

We conclude that the fertilization potential in hamster eggs 
consists of recurring hyperpolarizations. In our experiments, the 
time of recording the potentials after insemination correspon- 
ded to the period from contact between sperm and egg to, at 
most, the incorporation of the entire sperm head into the egg 
cytoplasm'":''. The HR first appeared at about the time of the 
first sperm stop, when sperm and egg are likely to fuse'®. The 
periodic appearance of HRs thereafter may be a consequence of 
a pre-existing ability of the egg, because similarly shaped HRs 
appear at almost constant intervals even without correlation 
with each sperm—egg fusion, as shown in the case of polyspermy 
(Fig. 1A, D). Repetitive hyperpolarizing responses each with 
durations of several to 20s have been found in fibroblastic L 
cells'??, macrophages'*'* and sympathetic ganglion cells’*. 
These HRs are due to an increase in the K permeability’ ™'* 
caused by an increase in intracellular Ca** ((Ca**],)'*"'°'". The 
HRs in hamster eggs had a reversal potential between —85 and 
- —80 mV (our unpublished results), suggesting an increase in K 
permeability. The HRs in the above cells occur either spon- 
taneously or by electrical, chemical or mechanical stimulations, 
whereas those in hamster eggs were induced neither by injecting 
current up to 5 nA nor by pushing the egg with a glass capillary, 
but they were induced by sperm about to be incorporated into 
the egg. It has been shown in sea urchin eggs'”''” that one of the 
early events on fertilization is the release of Ca** from intracel- 
lular stores and the consequent increase in [Ca**]; mediates 
several changes such as the discharge of the cortical granules. 
The HR in hamster eggs may reflect a cyclic change in [Ca’*], 
during incorporation of the sperm into the egg, although the 
functional significance is unknown. 

In echinoderm and echiuran eggs, the membrane potential 
shifts to positive values during the early phase of the fertilization 
potential, due to an increase in membrane permeability to Na’ 
and possibly Ca** (ref. 1). In the medaka fish, Oryzias latipes, 
fertilization triggers a depolarization of a few mV followed by a 
longer hyperpolarizing phase with an amplitude of ~30 mV, 
when the resting potential is more negative than —20 mV (ref. 
20). In hamster eggs we could not record any depolarization 
preceding the HR in recording conditions that were able to 
detect a change in potential of at least 1 mV. This was also the 
case when the membrane potential was preliminarily shifted to 


Table 2 Timing of the initiation of the first HR in relation to the first 


sperm ‘stop’ 
Time (s) Eggs Time (s) Eggs 
-5-0 l1 0-5 10 
~10-—5 5 5-10 6 
~15~--10 l 10-15 2 
-=-= 15 0 15-20 2 
20---- 4 





The time when the flagellar motion of the first sperm ceased was taken 
as zero time. 
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--64 to -68 mV by applying current. In one of four such cases, 
the membrane potential and effective resistance were —65 mV 
and 310 MQ, respectively. We have proposed an equivalent 
electrical circuit for the egg plasma membrane?! analogous to 
circuits for subsynaptic membranes of nerve cells”. If one 
assumes a possible 1-mV depolarization caused by a shunting 
conductance (g,) with a reversal potential of —20 mV, the g, in 
the above egg is calculated as 72 pS. If the potential is clamped at 
-65 mV, the g, causes a membrane current of 3.2 pA. Thus, the 
depolarizing response, if any, is negligibly small. Furthermore, 
preliminary experiments indicated that the potential-dependent 
fertilization block shown in echinoderm*", echiuran* and frog” 
eggs does not exist in the hamster egg. These differences stimu- 
late further experimentation in mammalian eggs. 

We thank Drs A. Hanada and Y. Hirao for teaching us the 
techniques of fertilization in vitro and for valuable advice, Dr S. 
Ozawa for criticism, and Miss Y. Hodota for technical assis- 
tance. 
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The lenses of vertebrate and cephalopod eyes differ onto- 
genetically and in other respects. The vertebrate lens, derived 
from a single cell type, consists mainly of long fibre celis 
continuously produced by division and elóngation of columnar 
epithelial cells near the lens equator. Almost 50% of the fibre 
cell surface consists of junctional complexes*? and the internal 
resistance, from point to point within the lens, is low compared 
with the surface membrane resistance’. Thus the vertebrate lens 
is expected to behave as a well coupled syncytial system*. The 
cephalopod lens, however, is formed by the fusion of two distinct 
cell types‘; the anterior segment has the same ontogenetic origin 
as the cornea but the posterior segment shares a common origin 
with the retina, and the plane of contact of the two cell types can 
be seen in light-microscope sections’. Most of the lens is 
composed of long fibre cells similar in appearance to those found 
in the vertebrate lens, and membrane junctional regions 
between adjacent fibres have also been tentatively identified“. 
We now describe electrophysiological investigations of cellular 
communication in the cephalopod lens, which show marked 
differences in the intercellular electrical coupling within the 
vertebrate (amphibian) and cephalopod lens. 
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Fig. 1 Voltage-clamp responses at two positions (V, and V3) 
within the cortex of the perifused lens of the frog Rana pipiens (for 
dissection and solution details, see ref. 9). The experimental 
arrangement allowed for two separate voltage-measuring circuits. 
The first electrode (V1) measured the lens transmembrane voltage 
with respect to a reference in the bath and was coupled by a 
voltage-clamp circuit to the current-injection microelectrode (I) so 
that the lens could be clamped at any given voltage (see ref. 9 for 
further details). The voltage was also measured by an independent 
differential amplifier circuit between a third internal micro- 
electrode (V.) and a separate reference electrode in the solution 
flowing round the lens. The upper trace shows 2-mV command 
pulses superimposed on a resting voltage of -75 mV. The middle 
trace gives the response of the independent electrode where the 
resting baseline was -74 mV. V2 in this case was placed one half of 
a lens diameter from V,. The clamp current (J) consists of a sharp 
spike, indicating current flow through the large membrane capaci- 
tance!’ followed by a decline to a plateau value when current is 
flowing through the pure resistive components of the lens 
membranes. The voltage and current responses were found to be 
independent of the relative positions of the three widely-spaced 
electrodes, 


Insertion of three microelectrodes into the frog lens does not 
significantly impair its membrane characteristics as stable, high 
(mean +s.e.m.=77.8+0.7 mV from 29 lenses) resting poten- 
tials were obtained during these experiments. The voltage 
recorded at electrode V, was always within 1-2 mV of that 
recorded at V,. When V, was clamped at the resting voltage 
(Fig. 1), V, also remained clamped and when a 2-mV pulse 
(either hyperpolarizing or depolarizing) was superimposed on 
the resting voltage (V,), a very similar change in baseline was 
also recorded at V,. The coupling ratio (V,/ V3) obtained in four 
such experiments was 0.98+ 0.1. 

However, the voltage-clamp responses obtained from three 
similar internal electrode experiments on the perifused lens of 
the cephalopod Sepiola atlantica, depended on the relative 
positions of the current and voltage electrodes (Fig. 2). When 
the current and command voltage electrodes were both placed in 
the anterior segment and the independent voltage electrode in 
the posterior, a 2-mV command pulse was not accompanied by a 
2-mV response at the posterior electrode (Fig. 2a); the coupling 
ratio defined by V,/V, was in fact only 0.06. These responses 
were mirrored when the command and current electrodes were 
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Fig. 2 Voltage-clamp responses at the anterior and posterior 
segments of the perifused cephalopod lens (for details of dissection 
methods and solution composition, see ref. 6). The command 
voltage microelectrode and current injection electrode were 
always placed in the same segment of the lens and the shape of the 
voltage and current signals obtained in response to a command 
pulse of 2mV were very similar to those obtained from the 
vertebrate lens (Fig. 1). However, the magnitude and time course 
of the response measured by the independent voltage circuit 
depended on whether the command and independent electrode 
were located in the same lens segment. When they were in different 
segments (as in a and b), the independent signal was greatly 
reduced in amplitude and its shape followed that of the clamp 
current rather than the command voltage. When the two voltage 
electrodes were in the same segment (as in c), the amplitudes and 
shapes of the responses were very similar. Note the difference in 
vertical scale magnitudes of the clamp currents in a and b, which is 
due to the fact that the resistance of the anterior segment is greater 
than that of the posterior (Table 1). 


both in the posterior segment, with the independent electrode in 
the anterior (Fig. 2b); the coupling ratio (V,/V, in this case) was 
again 0.06 and the mean value obtained from eight such 
experiments was 0.072 +0.015. When the three electrodes were 
placed in the same segment (either anterior or posterior), the 
command pulse was followed precisely by the independent 
electrode (Fig. 2c). Hence cells within one segment are closely 
coupled, but there is little communication between segments. 

The resting voltages recorded in the two segments were very 
similar (Table 1), but the resistances were quite different. 
However, the surface area of the anterior segment in the Sepiola 
lens is about half that of the posterior (our unpublished obser- 
vations), thus when the data are expressed as specific resistance 
(kQ cm’) the two values are almost equal. This suggests that 
although the membranes of the fibre cells in the two segments 
have a different origin and although they are not coupled, their 
membrane permeability properties may be quite similar. The 
specific resistances of the Sepiola segments are both consider- 
ably smaller than the specific resistance of the frog lens, which 
Delamere and Duncan‘, ascribed to the very high potassium 
permeability of the Sepiola lens membranes. 


Table 1 Accumulated potential and resistance data for the amphibian (Rana pipiens) and cephalopod (Sepiola atlantica) lenses 


Potential 
(mV) 
Rana lens —77.8 +0.7 (29) 
Sepiola lens anterior —62.5 + 1.4 (15) 
posterior —62.2 + 2.0 (9) 


Resistance Surface area Specific resistance 
(KO) (x107? cm”) (kO cm?) 
10.9 +0.48 33.941.17 3.69+0.144 
6.34+0.49 6.9+0.3 0.44+0.026 
3.49 +0.87 15.3+0.59 0.53+0.07 


Data are mean + s.e.m. and values in parentheses represent the number of lenses in each case. 
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The fact that the two segments of the cephalopod lens are not 
closely coupled (Fig. 2a, b) poses interesting problems for the 
regulation of growth and raises a further issue concerning the 
crystallin protein composition of the two halves. As they are of 
different ontogenetic origin, and because they remain function- 
ally separate throughout development, it is very likely that they 
are composed of different protein species. Although the proteins 
of cephalopod lenses have been investigated in some detail’ and 
the nuclear and cortical components seem to be different,” no 
studies have been made of the two halves separately. 

The cephalopod lens thus provides a unique opportunity for 
comparative evolutionary and developmental studies. Not only 
has it developed one mechanism in parallel with the vertebrate 
lens for producing a highly refractile, transparent focusing 
system (that is, by close-packed array of fibre cells of surface 
ectodermal origin), but it has also evolved a second and 
apparently independent mechanism for producing crystallins 
and fibre cells from a second cell type (vesicular epithelium). 
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Rhodopsin-like photosensitivity 
of isolated chicken pineal gland 
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The pineal gland of lower vertebrates such as fish, amphibians 
and reptiles is primarily a photoreceptor organ and its electrical 
activity changes in response to environmental lighting”, 
whereas the mammalian pineal gland is a secretory organ and no 
longer responds to direct illumination. It is uncertain whether 
the avian pineal gland retains a photoreceptive capability", and 
also whether the gland is a photosensor involved in the photo- 
periodic control of reproductive systems and circadian rhythms 
in birds”, Recently, I and other workers haye shown that the 
circadian rhythm of serotonin N-acetyltransferase activity 
persisted in organ cultures of chicken pineals, indicating the 
presence of an endogenous circadian oscillator in the gland’*"”’. 
Also, the observation that direct illumination of cultured 
chicken pineals suppressed the night-time increase of N-acetyl- 
transferase activity’®*° suggests that the gland contains a 
photoreceptor. I report here that the action spectrum of the 
photosensitivity of the isolated chicken pineal resembles the 
absorption spectrum of rhodopsin. 

Chickens (White Leghorn cockerels) were maintained in our 
animal facility with light from 7 a.m. to 7 p.m. for 14-18 days 
after hatching. The chickens were killed by decapitation at 
6 p.m. and five pineals were placed on nylon mesh in a Falcon 
plastic organ culture dish (no. 3037) containing 1.5 ml of BGJb 
medium without phenol red. They were cultured as described 
elsewhere'® from 7 p.m. to 1 a.m. under a monochromatic and 
energy-calibrated photic stimulus. As controls, a group of 
pineals was cultured in darkness (dark control) and another 
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Table 1 Effect of depolarizing and hyperpolarizing agents on N- 
acetyltransferase rhythm in organ cultures of chicken pineal gland 








N-acetyltransferase 
(pmol per 10 min per pineal) 


Addition Light Dark 
None 152412 997 + 50 
55 mM KCl 434458 990+ 131 
Nonactin (20 uM) 115+13 107+15 
Valinomycin (4 pM) 129+ 10 135411 
Before culture 98 +6 





Pineals were organ-cultured from 7 p.m. to 1 a.m. in darkness or 
aon $ > > > . 
under 70 pW cm”? of white light in the presence of the agents indicated. 
There were five samples in each group and the results are the means + 
s.e.m. 


group under 70 pW cm™? of white light from a xenon arc lamp 
(light control). 

When pineals were cultured from 7 p.m. to 1 a.m. in darkness, 
N-acetyltransferase activity increased from 75-120 to 750- 
1,300 pmol per 10 min per pineal. When they were cultured 
under continuous illumination, the enzyme activity increased 
only to 150-250 pmol per 10 min per pineal. Culture under 
various intensities of 400, 500, 600 and 700 nm wavelengths 
(Fig. la) showed 500 nm to be the most effective wavelength for 
inhibiting N-acetyltransferase activity. At this wavelength there 
was a significant decrease of the enzyme activity with an 
intensity of 0.02 uW cm”? (P <0.05), and maximum inhibition 
with 0.3 uW cm™?, which was equivalent to that caused by 
70 pW cm? of white light. With the wavelength of 400 nm 
maximum inhibition occurred at 1 pW cm ~*, while 600 nm was 
far less effective, showing no significant inhibition with 
0.3 uW cm” and a submaximum inhibition with 10 pW cm”. 
The wavelength of 700 nm showed no effect on enzyme activity 
with 7pWem™ or Jess. When the reciprocals of the light 
intensities producing 50% inhibition of the night-time increase 
of N-acetyltransferase activity were plotted as sensitivities on 
the ordinate in a logarithmic scale (Fig. 1b), the sensitivity curve 
resembled the absorption spectrum of rhodopsin*’. On examin- 
ing the effects of wavelengths from 400 to 800nm at 
0.3 uW cm~™?, maximum inhibition occurred at 500 nm and a 
submaximum inhibition at other wavelengths (Fig. 2). The most 
effective wavelengths were 500 and 520 nm, and there was a 
sharp cutoff of the inhibitory effect at longer wavelengths, with a 
gradual decrease at shorter wavelengths. 

A high enough concentration of KCI (55 mM) to depolarize 
the cell membrane partially restored the light-induced suppres- 
sion, but did not enhance the dark-time increase of N-acetyl- 
transferase activity (Table 1). On the other hand, the dark-time 
increase of N-acetyltransferase activity was completely 
inhibited by potassium ionophores (nonactin or valinomycin), 
which hyperpolarize the cell membrane. I have previously 
shown that cocaine, which prevents depolarization of neural 
cells, and catecholamines, which induce hyperpolarization in the 
rat pinealocyte, block the night-time elevation of N-acetyl- 
transferase activity”. 

The threshold light intensity of the chicken gineal is in the 
range of the threshold intensities of several photosensitive 
systems*?. As dispersed cells responded to a photic stimulation 
in the same manner as organ culture”, it seems reasonable to 
speculate that a rhodopsin-like photosensitive substance is 
incorporated in the cell membrane of pinealocytes. Electron 
microscopic studies of avian pineals revealed cells with whorls of 
lamellae and a modified structure, which some investigators 
consider photosensory®’ but others believe to be abortive or 
vestigial photoreceptor cells*. Such a structure might participate 
in the regulation of N-acetyltransferase activity. 

It is firmly established that the membrane potential of retinal 
photoreceptor cells of vertebrates and of frog pineals are 
depolarized in darkness and hyperpolarized by photic stimula- 
tion*>, It is therefore conceivable that direct illumination of the 
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Fig. 1 Effect of various intensities of 
monochromatic light on the night-time 
increase of N-acetyltransferase activity in 
organ cultures of chicken pineal. A monoch- 

_ fomatic stimulator (model TD-3, Sanso 
_ Seisaku) with a xenon arc lamp (XW-500, 
- 300 W) was used. White light from the xenon 
“lamp was divided into three channels and the 
light energy was calibrated by using an optical 

i: wedge and neutral density filter. Monoch- 
romatic light was obtained by interference 
filters (half width <11 nm) and the beam was 
transmitted into a CO, incubator through a 
quartz window. The stimulating light was 
reflected downwards with a mirror and pro- 
jected on to a culture dish. The intensity of 
light was measured at the level of the dish by 
use of a radiometer (model 470D, Sanso 
Seisaku) and expressed as pW per cm’. a, 
Pineals were cultured from 7 p.m. to 1 a.m. 
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under the intensities of monochromatic light indicated. N -acetyltransferase activity is shown as per cent of dark control, which was run in each 
experiment. Points and bars show means and s.e.m. of values of five samples. b, Reciprocals of the intensities that produced 50% inhibition are 


plotted as sensitivities on the ordinate in a logarithmic scale. 


chicken pineal produces a slow, long-lasting hyperpolarization 
of the pinealocyte membrane and prevents the nocturnal 
increase. of N-acetyltransferase activity. Such speculation is 
supported by the present finding that depolarizing agents 
restored the light-suppression of N-acetyltransferase activity 
and hyperpolarizing agents prevented the night-time increase of 
the enzyme activity. 

Kato et al. reported that red, but not green, radioluminous 
paint applied to the skin above the pineal gland of Japanese 
quail promoted testicular development'*. Woodard et al. also 
showed that in Japanese quail red light accelerated sexual 





maturity more effectively than green light. In contrast, 
Menaker showed that green light (0.11x) was effective in 
entraining the circadian rhythm of perching activity in blinded 














Sparron is’. In my study, green light was most effective in 
inhibiting the .N-acetyltransferase rhythm. The discrepancy 


se observations is unclear. However, in the present 
udy ere directly illuminated, whereas in other studies 
animals were placed under a specified wavelength of light. It is 
possible that shorter wavelengths were absorbed by skin, skull, 
blood and other tissues before reaching the pineals. Alter- 
natively, the hypothalamic, but not pineal, photoreceptor may 
sense: longer wavelengths of light, thus affecting photore- 


productive function in living birds. 
Menaker and his associates have demonstrated that in house 
sparrows the pineal gland functions as a biological clock that 
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Fig 2 Effect of various wavelengths on the N-acetyltransferase 
activity in organ culture. Pineals were cultured from 7 p.m. to 
1 a.m. under an intensity of 0.3 pW cm? of the monochromatic 
light indicated. The results are shown as per cent of dark control. 
Points and bars indicate means and s.e.m. of five samples. 


controls the circadian rhythms of locomotor activity and body 
temperature**. The gland presumably regulates such functions 
by secretion of melatonin, a pineal hormone”*”, The activity of 
serotonin N-acetyltransferase, the key enzyme in the synthesis 
of melatonin*'-*’, shows a circadian rhythm and responds to 
direct illumination in the isolated chicken pineal glands, as 
reported here. Recently, Takahashi et al.** have shown that the 
synthesis and release of melatonin from cultured chickén pineal 
glands also exhibit a circadian change and respond to environ- 
mental lighting, suggesting that the light perception of the avian 
pineal gland, by affecting the synthesis of melatonin, has a- 
physiological role in the regulation of functions and behaviour in 
birds. - | 
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There is now considerable evidence that the basis for ciliary and 
flagellar movement is an active sliding between peripheral 
doublet microtubules which, when resisted by structures within 
the axoneme, leads to axonemal bend formation’. In contrast, 
relatively little is known about the control mechanisms which 
coordinate the interdoublet sliding and axonemal bending to 
produce the effective motion observed in various cilia and 
flagella*. One component of the axoneme which may be 
involved in this control is the central pair of microtubules’. To 
learn more about the action of the central pair, we have studied 
the tiny uniflagellate marine alga, Micromonas pusilla. The 
central tubules of the M. pusilla flagellum extend for several 
micrometres beyond the termination of the peripheral doub- 
lets®, thus permitting direct observation of the central pair 
during flagellar movement. Our findings, reported here, indicate 
that in living M. pusilla the central pair of microtubules under- 
goes continuous rotation in one direction. This rotation provides 
the motive force for the cell. 

Our observations on the ultrastructure of the flagellum of M. 
pusilla (previously named Chromulina pusilla”) agree well with 
those of Manton”. The flagellum is ~5 um long and has the 
appearance of a short thick stub terminated by a long thin fibre 
(Fig. la). The thicker proximal portion is about 0.2 pm in 
diameter and contains the normal ‘9+ 2’ array of microtubules, 
but is less than 1 pm long (Fig. le). The thinner distal portion is 
~70 nm in diameter and contains only the central pair of 
microtubules (Fig. 1b), which are ~5 ym in length and extend 
for ~4 um beyond the termination of the peripheral doublets. 
For most of this distal portion, the flagellar membrane closely 
surrounds the central pair. Figure 1b and c show the region of 
transition between the ‘9+ 2’ flagellum and the thin ‘0+ 2’ 
portion containing only the central tubules. At their proximal 
end, the central tubules terminate just above the basal body 
(Fig. 1f), as in other cilia and flagella'?"'. 

The flagella of living M. pusilla can be observed by dark-field 
lignt microscopy. In free-swimming cells, the distal ‘0+ 2’ 
portion takes on a helical configuration and seems to rotate, 
pushing the cells through the medium like a propeller. This 
portion of the flagellum also appears to rotate in cells which are 
stuck to the glass slide by their cell bodies (Fig. 2). The short 
‘9 +2’ region is usually obscured by glare from the cell body, but 
in fortuitous views it is seen to wave back and forth, as would be 
expected for a very short flagellum undergoing a normal beat 
cycle. The ‘0+ 2’ portion of a non-moving flagellum retains its 
he:ical configuration. By focusing through such a flagellum, we 
determined that the helix is left-handed. 

One cannot be sure from the above observations alone that 
the movement of the ‘0+ 2’ portion of the flagellum is due to 
actual rotation as opposed to propagation of helical waves along 
a non-rotating flagellum. However, these two possibilities can 
be distinguished by anchoring the cell to the glass slide by its 
flagellum and observing the resulting motion of the cell body. 
When M. pusilla are placed on silicone-coated slides, many cells 
stick to the slide by one end of the cell body and spin rapidly 
around the point of attachment, as previously described by 
Manton and Parke’. However, some cells stick to the slide by the 
flagellum; when this occurs, the cell body rotates (Figs 3, 4). In 
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Fig. 3, the rotational axis is almost perpendicular to the slide, so 
that the rotation looks like that of a wheel viewed from the side. 
In Fig. 4, the rotational axis is nearly parallel to the glass slide 
and rotation is inferred by the changes seen in the shape and the 
markings of the cell. The position and curvature of the flagellum 
of this cell remain constant throughout the 360° rotation of the 
cell body, indicating that the flagellum is stuck to the slide and 
immobilized over most of its length. In all such cells so far 
observed, the cell bodies were rotating clockwise as viewed from 
the flagellum. This would correspond to an anticlockwise rota- 
tion of the ‘0+2’ portion, looking from tip to base. These 
observations indicate that the distal portion of the M. pusilla 
flagellum, and by inference, the pair of central tubules therein, 





Fig. 1 Structure of M. pusilla flagellum. a, Electron micrograph of a 
negatively stained M. pusilla. The distal portion of the flagellum beyond the 
arrow is about 70 nm in diameter and is too thin to contain the usual ‘9 + 2’ 
axoneme. The dotted lines and brackets labelled b-f indicate the approxi- 
mate levels of the corresponding cross-sections. M. pusilla was grown under 
continuous light on Ergschrieber’s medium’. A drop of the cell culture was 
placed on a Formvar-coated grid and stained with 2% uranyl acetate. 
x 15,275. b, Cross-section through distal portion of the flagellum where only 
the central tubules remain. Note that the membrane closely surrounds the 
two tubules, which seem to be closer to each other than in the usual ‘9+ 2° 
structure. c, Cross-section through the flagellum just distal to the point 
where the peripheral tubules have terminated. d, Cross-section where some 
of the peripheral tubules have terminated. e, Cross-section through the 
proximal portion of the flagellum, showing the typical ‘9+ 2’ axoneme. f, 
Cross-section at the base of the flagellum, showing the axosome just proxi- 
mal to the origin of the central tubules. b-f, x83,800. M. pusilla was 
‘instantaneously fixed’? in glutaraldehyde-OsO,, embedded in agar, then 
dehydrated and embedded in Spurr’s plastic?'. Sections were stained with 
uranyl acetate and Reynold’s lead citrate’. 
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Fig. Sequence from 16-mm cine film of M. pusilla. The cell is stuck to the slide and the flagellum seems to rotate. Most of the flagellam seen is the ‘0+ 2° region, the 
‘9+ 2" region being too short to be visible much beyond the glare of the cell body. Dark-field optics’; consecutive frames progress from left to right. 64 frames per s. 
*2,000. 


rotates. The evidence does not rule out the possibility that the 
whole flagellum, including the ‘9+2° region, rotates, but this 
seems highly unlikely. 

The anticlockwise rotation together with the left-handed twist 
of the flagellum are consistent with the observed progression of 
the cell through the medium, with the flagellum pushing the cell. 
Interestingly, the direction of central-pair rotation in M. pusilla 
is the same as that reported for the central pair in 
Paramecium’, 

The membrane which surrounds the central microtubules 
probably rotates with the central pair; this is especially evident 
in a rotating cell which is anchored to the slide by its flagellum, 
but even in free-swimming cells connections between the central 
pair and the membrane might cause the membrane to move with 
the underlying tubules. Such a movement would result in ashear 
zone in the flagellar membrane at some point along the flagel- 
lum, probably at the base of the ‘0+2’ portion. We have 
observed no discontinuity in the cell or flagellar membrane of M. 
pusilla, so the surface shear must be readily absorbed by the fluid 
membrane. A similar situation occurs in the plasma membrane 
of some devescovinid flagellates, where one portion of the cell 


surface continuously rotates relative to the rest of the cell 
surface’. 

We do not know what causes the central pair to rotate. One 
possibility is that the rotation is a passive response to three- 
dimensional bending of the ‘9+2' portion of the flagellum. 
Alternatively, rotation may be the result of interactions between 
the radial spokes and the central sheath in the ‘9 +2’ region, or 
might be caused by a rotary motor in the axosome where the 
central tubules originate. Further studies will be necessary to 
determine the basis for the rotation. 

Central-pair rotation has now been demonstrated for M. 
pusilla flagella, and implicated in Paramecium cilia”, Opalina 
cilia’ and Synura flagella’, Central-pair rotation may there- 
fore occur in the cilia and flagella of many organisms. In M. 
pusilla, rotation of the central pair propels the cell through its 
medium. The function of central-pair rotation in the normal 
‘9+2’ axoneme is unknown, but several observations suggest 
that the central microtubules are involved in the control of 
ciliary and flagellar movement. Flagella lacking the central 
tubules are paralysed, although the ability of the dynein arms to 
cause sliding is apparently normal'®, The central tubule—central 





Fig.3 Film sequence showing a cell stuck by its flagellum (visible in the original cine film) to a silicone-coated slide and the cell body rotating. The slide was coated 

with silicone by wiping it with silicone-treated lens paper (Sight Savers, Dow-Corning). The sequence was printed to enhance the visibility of the dark spot (white 

arrowheads) on the cell body. The cell-body rotation can be followed using the dark spot as a marker. The cell is rotating anticlockwise, Consecutive frames run from 
left to right beginning in the upper left-hand corner. Dark-field optics, 64 frames per s, «2,880. - 
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sheath complex is asymmetrical in several organisms, and this 
asymmetry may be related to the formation of asymmetrical 
axonemal bends*'*. The orientation within the axoneme of the 
central pair of microtubules is correlated to beat direction in a 
variety of cilia and flagella'*'”'*; moreover, the orientation of 
the central pair has been reported to change along the length of 
the axoneme!*!’, with change in beat direction’, and during the 
beat cycle’’*'*. Thus, it has been proposed that the central 
microtubules undergo a systematic movement correlated with 
the beat cycle and that this movement is involved in regulating 
the motion of the axoneme, possibly by determining which 
doublets undergo active sliding at any particular phase in the 
beat cycle’. Regulation of dynein arm activity around the 
axoneme would be particularly important in cilia and flagella 
having a three-dimensional waveform. 

The cultures of M. pusilla were provided by the Culture 
Centre of Algae and Protozoa (Cambridge, UK) and the Culture 
Collection of Algae (University of Texas, Austin). We thank 
Jana Olson Kiefer for providing the growth medium, Nick 
Minervini for assistance with photography and electron micros- 
copy, Gary Gorbsky for his suggestion of using ‘Sight Savers’ for 
coating slides and Drs Ching Kung, Howard Berg and Charles J. 
Brokaw for helpful criticism and encouragement. Figure 4 was 
made possible by the invaluable assistance of Dr Brokaw at the 
California Institute of Technology, Kerckhoff Marine Labora- 
tory. This work was supported in part by NIH grants GM 21586 
to G.B.W., GM 07445 to C.K.O. and GM 18711 to C.J.B. 
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Fig. 4. Top row: dark-field light micrographs of M. pusilla. The cell is attached to a silicone-coated slide by its fagellum and the asymmetric cell body is rotating. 

Recorded on continuously moving film with stroboscopic illumination at 60 Hz. 3,200. Second row: photos of a styrofoam and wire model. The wire, representing 

the ‘0+ 2° portion, is held in place and the angle of insertion of the wire and the cell body orientation are changed and photographed. The numbers below each image 

indicate the angle of insertion relative to the cell surface, and the angle through which the cell body has rotated relative to the surface to which the flagellum is 
attached, respectively. 
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Macrophages in culture produce prostaglandins in response to a 
variety of phagocytic and non-phagocytic stimuli’*. As pros- 
taglandins are not stored in cells, and mammalian cells contain 
very little free arachidonic acid, synthesis and release of pros- 
taglandins depends on the release of the precursor, arachidonic 
acid, from cell lipids. Many agents that stimulate cell pros- 
taglandin production act by releasing arachidonic acid”, 
presumably by activating phospholipase A, (refs 10, 11) or 
phospholipase C (refs 12, 13), depending on the cell system 
used. We have shown previously that rabbit alveolar macro- 
phages secrete arachidonic acid as well as prostaglandins in 
response to phagocytic stimuli***. This secretion depends not 
on particle attachment, but rather on interiorization of the 
particles*. Furthermore, the time course of prostaglandin and 
arachidonic acid secretion does not parallel that of particle 
engulfment per se, but of the release of lysosomal enzymes’, 
indicating that the release of arachidonate and prostaglandin is 
associated with the latter. We now describe experiments which 
suggest that these are two independent pools of phospholipases 
in macrophages, one in the lysosomes and one elsewhere. 
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To assess the prostaglandin release, we prelabelled the cell 
lipids of cultured rabbit alveolar macrophages (more than 90% 
macrophages) with '*C-arachidonic acid (Amersham) as pre- 
viously described’. Analysis of the cell lipids showed a pattern of 
incorporation similar to that of our previous studies?: approxi- 
mately 40-50% of the radioactive arachidonic acid was 
incorporated into cell lipids after 1 h of incubation. Most of the 
radioactivity (75%) was found in phospholipids, particularly in 
phosphatidylcholine (48+1%, n=10) and phos- 
phatidylethanolamine (19+ 1%). A small amount also resided 
in phosphatidylserine and phosphatidylinositol (8+ 1%) and 
neutral lipids (5 + 1%). Less than 2% of the radioactivity in cells 
remained in the free fatty acid fraction. 

Stimulation of macrophages with various phagocytic and 
non-phagocytic stimuli resulted in prostaglandin release. 
However, only a small amount of arachidonic acid could be 
detected in the medium in the absence of serum. This is probably 
due to immediate reincorporation of the unreacted arachidonic 
acid into phospholipids. To avoid this problem, we used fatty 
acid-free bovine serum albumin to ‘trap’ the released fatty 
acid*’*. Thus, the activity of phospholipase could be quan- 
titatively assessed. 

We have previously demonstrated a close association between 
the release of lysosomal enzyme and that of arachidonic acid and 
prostaglandin by macrophages, following zymosan phago- 
cytosis**. This suggests a cause-effect relationship between 
these two mechanisms. Prostaglandin synthesis, however, does 
not regulate lysomal enzyme release, as inhibition of the former 
did not affect the latter?'*. As alveolar macrophage lysosomal 
granules do contain phospholipase A, (ref. 16), itis possible that 
phagosome-lysosome fusion, on releasing acid hydrolases, 
activates lysosomal phospholipase, thus explaining the close 


Fig. 1 Release of '“C-prostaglandin, '*C-arachidonic acid and 
acid phosphatase by rabbit alveolar macrophages in response to 
different stimuli. Rabbit alveolar macrophages were collected by 
lung lavage and plated in Dulbecco’s modified Eagle’s medium 
(DMEM) containing 15% fetal calf serum as previously described? 
(5 x 10° cells per ml per plate). After overnight incubation, the cells 
were changed to serum-free DMEM. '*C-arachidonic acid 
(specific activity 55 mCi mmol”', Amersham) was added to the 
cultures as the sodium salt at a concentration of 1x 10° c.p.m. 
m`’. The cultures were incubated for 1h to label the cell lipids. 
The cells were washed twice with DMEM and changed to DMEM 
containing 2mgml”' fatty acid-free bovine serum albumin. 
Different stimuli with or without indomethacin were added to the 
cells and were incubated for 2h. At the end of incubation, the 
medium was collected, an aliquot (1/10) was saved for acid phos- 
phatase determination by fluorometric methods as described 
earlier. The remainder was acidified to p H 3.5, extracted with ethyl 
acetate and applied to silica gel G plates”. The solvent system used 
for separation of prostaglandins and arachidonic acid was the 
organic phase from ethyl acetate /water/iso-octane/acetic acid, 
110: 100: 50:20 (ref. 25). Zones corresponding to various pros- 
taglandin standards and 12-HETE (prepared according to Goetz! 
et al.” were scraped and counted in a liquid scintillation counter. 
Total prostaglandin release (sum of 6-keto PGF ta + PGF, + 
PGE: + PGD, ¢.p.m. was calculated (a), the zone corresponding 
to arachidonic acid standard was also scraped and counted (b) and 
the acid phosphatase activity in the medium was assayed (c). All 
values are expressed as percentage of unstimulated control. The 
intracellular acid phosphatase content of the macrophages treated 
by various stimuli was determined, and found to be the same as that 
of unstimulated cells (after correction was made for released 
amount). d, Ratio of release of arachindonase and prostaglandin. 
The chemotactic fragment of human C5 (C5 fragment) was isolated 
from human serum and assayed by a modification of Boyden 
chamber assay as described previously2”. The chemotactic activity 
was expressed in units of ED<,. One EDs, of chemotaxis is defined 
as the amount of C5 fragment required for half-maximal chemo- 
tactic response in Boyden chamber assay. Z, zymosan (1 mg ml~'); 
I, indomethacin (5 yg ml); C5;,, C5 fragment (75 EDs mI’); 
PMA, 107% M. The numbers within the circles give the numbers of 
experiments. All values are mean +s.e.m. 
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association between release of arachidonic acid and lysosomal 
enzyme. To investigate further whether activation of lysosomal 
enzyme per se is sufficient to elicit prostaglandin synthesis, we 
examined the effect of C5 fragment, a chemotactic agent known 
to elicit lysosomal enzyme release", on arachidonic acid release 
and prostaglandin synthesis. The effect of C5 fragment was then 
compared with that of zymosan phagocytosis. As shown in Fig. 
1b, both zymosan and C5 fragment resulted in significant 
increased release of arachidonic acid, up to 4-5 times the 
control. However, these two agents produced different effects 
on the coupling efficiency of phospholipase (arachidonic acid 
release) and cyclooxygenase (prostaglandin synthesis). Figure 
la shows that prostaglandin synthesis was increased to 2.5 times 
the control value following zymosan stimulation, but only to 1.1 
times control value after C5 fragment treatment. Thus, phago- 
cytosis of zymosan resulted in tight coupling between arachi- 
donic acid release and prostaglandin synthesis (arachi- 
donate/prostaglandin ratio = 3, Fig. 1d), whereas C5 fragment, 
with an arachidonate/prostaglandin ratio of 7.7 (Fig. 1d), 
produced a disproportionately small prostaglandin synthesis for 
a large arachidonic acid release. Lysosomal enzyme release 
remained comparable with both stimulants (approximately 
three times the control value, Fig. 1c). 

Because it is generally accepted that phospholipase, not 
cyclooxygenase, is the rate-limiting enzyme for prostaglandin 
synthesis, this dissociation between arachidonic acid release and 
prostaglandin synthesis by C5 fragment can only be explained as 
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Table 1 Release of arachidonic acid and prostaglandins by alveolar 
macrophages in response to various stimuli 
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Prostaglandins Arachidonic acid 
% Of % Of 
¢.p.m. control ¢.p.m. control 

Unstimulated 750+ 100 898+ 100 
control 93 109 
(n = 9) 

Zymosan 2,276 301+ 9,998 + 994+ 
(1 mg m`’) 283 30 1,326 148 
(n = 9) 

PMA(10°°M)  2,079+ 254+ 7,542 + 736+ 
(n =9) 294 28 891 55 
C5 fragment 1,008 + 1374 6,613 SIF 
(75 EDs) 180 21 909 62 

(n = 7) 

Zymosan + 2,942 + 321E 24,466+ 2,681 
PMA 366 45 3,071 371 
(n = 7) 

Zymosan + 1,989+ 278+ 10,374 + 967+ 
C5 fragment 265 34 2,059 85 
(n = 4) 

C5 fragment PAP Se = 307+ 38,489+ 2,946 + 
+PMA 618 25 3,152 384 
(n = 3) 
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Prostaglandin (PG) values are the sum of 6-keto PGF), + PGF,, + 
PGE, +PGD,(c.p.m.). For methods, see Fig. 1 legend. n, Number of 
experiments, each experiment in duplicate. 


follows: (1) there is a switch of arachidonic acid metabolism to 
the lipoxygenase pathway, (2) C5 fragment inhibits cyclo- 
oxygenase, or (3) coupling of phospholipase and cyclooxygenase 
is prevented, as might occur when a physical distance is inter- 
posed between the two enzyme systems within the cell. We can 
easily rule out (1) as the production of 12-hydroxy-5,8,10,14- 
eicosatetraenoic acid (12-HETE) and 11-HETE (both co- 
migrate in solvent system used in this study) by macrophages 
after C5 fragment stimulation is also very low (120+9% of 
control compared with 247+31% of control after zymosan 
stimulation, n = 5, mean +s.e.m.). We cannot entirely rule out 
the second possibility, as C5 fragment slightly inhibited pros- 
taglandin synthesis when added to zymosan-treated macro- 
phages (Table 1). However, this inhibition is minimal, and 
cannot account for the discrepancy between arachidonic acid 
release and prostaglandin synthesis following C5 fragment stim- 
ulation. We consider the third explanation a more probable one. 
Cyclooxygenase activity usually resides in the microsomes, 
probably in the endoplasmic reticulum'*"”. Thus, activation of 
lysosomal phospholipase by C5 fragment resulted in release of 
arachidonic acid which remained inaccessible to cyclo- 
oxygenase. The phenomena implicated in phagocytosis are 
different. Zymosan engulfment leads to formation of 
phagosomes and many intracellular vacuoles”, both of which 
contain plasma membrane and endoplasmic reticulum, on which 
cyclooxygenase presumably resides. Fusion of lysosomes with 
phagosomes and these vacuoles may be expected to result in 
approximation of activated phospholipase and cyclooxygenase. 
A consequence of this is more efficient coupling between these 
two enzyme systems. 

Phorbol-myristate acetate (PMA), a membrane perturbant, 
stimulates the production of prostaglandins in MDCK cells?’ 
and fibroblasts”. In rabbit alveolar macrophages, PMA, at the 
concentration of 10°°M (non-toxic to cells), resulted in high 
arachidonate and PG release (5- and 2.5-fold control value, 
respectively) and a very low lysosomal enzyme release (1.3 times 
control) (Fig. la-d), suggesting the existence of a phospholipase 
pocl independent of lysosomes. Again, the large amount of 
prostaglandin synthesis is not due to decrease in lipoxygenase 
pathway, as the production of 11-HETE and 12-HETE is also 
very high (230+16% of control, n=5, mean+s.e.m.). 
Morphological examination of these cells showed numerous 


intracellular vacuoles produced by this chemical at a concen- 
tration range of 10-7-10°°M (Fig. 2a). Both prostaglandin 
release and vacuole formation became very reduced when the 
concentration of PMA was reduced to 10°°M (unpublished 
data). This observation suggests a close association between 
vacuole formation and prostaglandin production (Fig. 2a). We 
propose that: (1) the activated phospholipase resides outside the 
lysosomes, probably on the plasma membrane; (2) activation 
takes place during vacuole formation; and (3) the released 
arachidonic acid is immediately acted on by cyclooxygenase and 
lipoxygenase at the same site. Such a mechanism correlates with 
the observed efficient coupling between release of arachidonic 
acid and release of prostaglandin and HETEs. The small amount 
of lysosomal enzyme release could be due to fusion of lysosomes 
with the many cytoplasmic vacuoles. The association of vacuole 
formation and prostaglandin synthesis in mouse peritoneal 
macrophages stimulated by 12-O-tetradecanoylphorbol-13- 
acetate has been reported” as has the tight coupling of phos- 
pholipase and cyclooxygenase following stimulation by phorbol 
diester and other tumour promoters in cultured canine kidney 
cells???*, C5 fragment-treated cells are shown in Fig. 2b for 
comparison. 

The existence of two pools of phospholipase is further 
supported by the additive effects of zymosan and PMA and of 
PMA and C5 fragment (Table 1). A combination of PMA 
(presumably activating membrane phospholipase) with either 
C5 fragment (presumably activating lysosomal phospholipase) 
or zymosan (presumably activating lysosomal phospholipase 
mainly) resulted in supramaximal increase of arachidonic acid 
release (26.8 times or 29.4 times the control). In contrast, 





Fig.2 PMA-treated macrophages (a) show numerous intracyto- 

plasmic vacuoles. In contrast, C5 fragment-treated cells (6) show 

many cellular processes but less vacuole formation. The cells were 

fixed in 3% glutaraldehyde and embedded in epoxy resin. Sections 
(1 pm) were stained with toluidine blue. 
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Fig. 3 Time course of arachidonic release by macrophages 
following various stimuli. At time zero, cells were stimulated with 
PMA (107° M). Solid line represents time course of arachidonic 
acid release following addition of PMA at time zero. Note flatten- 
ing of the curve after 2 h of incubation. The shape of the curve was 


not altered despite a new dose of PMA (107° M) at 2h (---—-). 
However, addition of zymosan (Z, 1 mg ml~') at this time caused a 
sharp increase of arachidonic acid release (—————). All 


values are mean +s.e.m., n = 3. 


addition of zymosan with C5 fragment did not cause much more 
increase in arachidonic acid production than with zymosan 
alone. Note also that prostaglandin synthesis following 
combined zymosan and PMA treatment was only mildly ele- 
vated compared with either stimulus alone (Table 1). A possible 
explanation is saturation of cyclooxygenase, as both PMA and 
zymosan were used at near maximal dose in this experiment. 

Our hypothesis may also be reconciled with the data illus- 
trated in Fig. 3. Repeated stimulation of macrophages with 
PMA resulted in flattening of the arachidonate releasing curve, 
suggesting exhaustion of the non-lysosomal phospholipase pool. 
Addition of zymosan at this time elicited a second sharp increase 
of arachidonic acid release, indicating the activation of a 
different pool of phospholipases, namely the lysosomal phos- 
pholipases. 
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The recurrence of influenza virus infection in man is attributed 
primarily to changes occurring in the antigenic structure of the 
viral surface glycoproteins, especially of the haemagglutinin 
(HA) molecule’*. Comparative antigenic analysis“ of epidemic 
influenza virus strains has allowed the description of ‘strain- 
specific’ and ‘cross-reactive’ antigenic determinants**. 
However, the interpretation of these findings remained ambi- 
guous, because the specificity of the applied antisera was 
insufficiently defined and because the antigenic differences 
among the HA molecules of various epidemic virus strains 
resulted presumably from a large number of amino acid substi- 
tutions™*'. Thus, in characterizing the antigenic structure of the 
HA molecule, our approach has been (1) to generate a panel of 
monoclonal anti-HA hybridoma antibodies, (2) to use some of 
these antibodies to select mutants of the influenza A/PR/8/34 
(PR8) virus expressing antigenically altered HA molecules, and 
(3) to construct an operational antigenic map of the HA mole- 
cule by comparative antigenic analysis of the mutant viruses with 
the monoclonal antibodies. As we report here, analysis of the 34 
mutant viruses selected has enabled us to define four antigenic 
sites on the HA molecule. Our observation that these sites have 
undergone antigenic drift to a different extent in nature implies 
that the mechanisms responsible for antigenic drift act selec- 
tively on distinct structures of the HA molecule. 

Fifty-eight anti-HA hybridoma antibodies were produced by 
fusion of lymphocytes from spleen and/or mediastinal lymph 
nodes of 12 BALB/c mice after intraperitoneal or intranasal 
inoculation with influenza virus'*. PR8 virus mutants with anti- 
genic alterations (each resulting probably from a single point 
mutation’*) in the HA molecule were then obtained by incubat- 
ing cloned PR8 virus seed with selected hybridoma antibodies 
and by growing the non-neutralized virus fraction in embry- 
onated hen eggs or in the allantois on shell culture system '*"*. 
Antigenic analysis performed by radioimmunoassay (RIA)'* on 
each set of mutant viruses (exemplified in Table 1 with mutants 
(CV) selected with antibody Sa-1) clearly showed that the 
non-neutralized viruses are antigenic mutants exhibiting an 
alteration in the HA molecule which reduced the capacity of the 
selecting antibody (in present example Sa-1) to bind to the 
mutant viruses in the RIA. Several antigenically distinct mutant 
viruses were usually selected by any given hybridoma antibody. 
For example, antibodies Sa-8 and Sa-9 show that mutants CV2 
and CV1 are antigenically unique, whereas antibody Sa-14 
shows that CVS differs from CV6. As no monoclonal antibody 
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Table 1 Antigenic analysis of the mutant viruses selected in the presence of antibody Sa-1 
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Amount of antibody (log 2) binding in RIA to PR8 and its mutants 


PRS-MLS, CV2 CV6 
Hybridoma antibody (parental) CV 1 (CV9} Cvs (CV7, CV8, CV10) 
Sa-1(C) = 6.64 <] <1 <i <Í 
Sa-8 = 6.64 6.464 0.24 | 6.26+0.45 6.58+0.18 
Sa-14 = 6.64 <} 2.48 +0.98 <j 6.35+0.02 
Sa-9 = 6 64 2,09 + 0,94 6.58+0.31 5,710.25 §.78 +065 
36 antibodies == 6 64 6.414024 6.36+0.20 6.4040,13 6.54+0.12 





PRS mutants were selected by titration of PR8-Mt.S. virus seed in the presence of anti-HA hybridoma ascitic fluid in the allantoic cavity of 10-day-old embryonated 
hen eggs'* or in the allantois on shell culture system’*. Virus grown at the titration end point was collected and recloned twice in the absence of antibody in embryonated 
hen eggs. The cloned viruses were grown up to large quantity, purified and quantitated by HA titration. Viral immunoadsorbents were prepared as follows: 250 pl of HAS 
(phosphate-buffered saline, 0.04% sodium azide) containing 8 x 10° haemagglutinating units (HAU) of purified virus was mixed with 250 pl of HAS containing 2% NP40, 
incubated for 30 min at 37°C and then diluted 1:10 with HAS. These viral NP40 stock solutions could be stored at 4 °C without detectably losing their antibody-binding 
capacity. The viral immunoadsorbents were prepared by incubating wells of polyvinyl microtitre plates overnight at room temperature with 25-1 aliquots of 1: 100 
dilutions of the viral NP40 stock solutions (corresponding to 4 HAU of undisrupted virus per well). The plates were incubated for 1 h with HAS containing 1% bovine 
serum albumin before use in RIA. Supernatants from hybridoma cultures were titrated in the RIA in serial 1: 2 dilution steps against the parental viral immunoadsorbent. A 
standard binding curve was generated in this way for each antibody. One dilution of each antibody (upper part of approximately linear range of the standard curve) was then 
tested in the RIA against parental and the mutant viral immunoadsorbents. The c.p.m. observed in the parental interaction were defined as 100% (log 2 = 6.64), The 
antibody-mutant interactions were then expressed as a fraction (log 2) of the standard binding curve of the antibody—parental virus interaction. In each assay a given 
antibody was tested in parallel on the parental virus (quadruplicate samples) and on the individual mutants (duplicates) of a mutant set. Each assay was performed at least 
three times. The data in Table 1 are expressed as the mean + standard deviation of three or four assays. The average standard deviation of antibody~mutant binding values 
(in the binding range cf 4.64-6.64) is 0.37, This value was computed from 35 individual antibody-mutant interactions that were repeated independently of each other over 


~f yr. 


was able to discriminate between either CV2 and CV9 or 
between CV6, CV7, CV8 and CV1O0, it is possible that the 
mutant viruses within each of these groups exhibit the same 
mutation. Lastly, the finding that 36 of the 58 anti-HA anti- 
bodies reacted equally well with parental virus and any of the C 
variants indicates that the antigenic changes induced by indivi- 
dual mutations represent minor modifications in a largely 
conserved antigenic background. 

The observation that individual mutations concomitantly 
modify certain epitopes'’ (structure on the antigen directly 
complementary to the combining site of a given antibody) 
provides an operational basis for the construction of an epitope 
map'*"°. Thus, in the example given above, a relationship 
between the epitopes delineated by antibodies Sa-1, Sa-8, Sa-9 
and Sa-14 is clearly shown by the observation that these epi- 
topes were changed by one or several of the mutations exhibited 
by the CV mutant viruses. This approach for mapping the 
antigenic structure of the HA molecule is limited, however, by 
the number and types of distinct antigenic mutants available for 
comparative analyses. Thus, the epitopes delineated by the 36 
hybridoma antibodies which reacted equally well with the 
parental virus and the CV mutants could not be mapped on the 
basis of the CV-mutant virus analysis. We have proceeded, 
therefore, to select from the same cloned PR8 virus seed addi- 
tional mutants in the presence of 10 other monoclonal anti-HA 
antibodies. Each set of mutants was then subjected to an anti- 
genic analysis as exemplified in Table 1 with the CV mutants. A 
total of 75 PR8 mutants were analysed, of which 34 exhibited a 
unique antigenic modification. The other 41 mutants could not 
be further differentiated from a corresponding unique mutant by 
the present antibody panel and thus probably represent multiple 
isolates of those unique mutants. 

The composite results of the comparative antigenic analyses 
of the mutants are shown schematically in Fig. 1 where each row 
represents the reactivity of an anti-HA antibody in RIA with the 
parental virus (column 1) and the 34 antigenically unique 
mutants (columns 2-35). Three antibody-binding values are 
distinguished, black, cross-hatched and white squares 
representing >50, 25-30 and <25% of the binding to parental 
virus, respectively. All the hybridoma antibodies, except anti- 
bodies Cx-1 to Cx-8, exhibit reduced binding to one or several of 
the virus mutants. Antibodies and mutant viruses could thus be 
assembled into four complementary antibody-virus mutant 
groups designated Sa, Sb, Ca and Cb (the choice for the desig- 
nations will become clear in the next section). For instance, the 
mutant viruses CV, KV and PV were assembled into the mutant 
group Sa while complementary antibodies delineating epitopes 
that were predominantly modified by antigenic changes exhi- 
bited by this mutant group were assembled into a family of 
antibodies accordingly designated Sa-1 to Sa-15. 
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The resulting epitope map indicates that each mutant group 
characterizes an antigenic structure of the HA molecule which 
can undergo largely independent antigenic alterations. For 
example, mutations in the Sa mutant group affect the binding 
capacity of the Sa but not of the Ca antibody family and vice 
versa. Thus, adopting Urbanski and Margoliash’s”® definition of 
a discrete antigenic site as one to which the binding of specific 
antibodies is not affected by residue changes at the neighbouring 
sites, we tentatively designated these structures of the HA 
molecule as sites Sa, Sb, Ca and Cb. We stress that the reciprocal 
relationship between antibody families and virus mutant groups 
is Only compatible with the notion that the mapping of anti- 
bodies is based on differences in antibody specificity and not on 
differences in avidity of antibodies directed against the same 
antigenic site. Also, the very low frequency of mutants selected 
in the presence of two antibodies directed against different sites 
further supported the notion of the independent mutability of 
these sites (unpublished observations). 

Although most antibodies could be mapped to a single anti- 
genic site, a few exhibited reduced binding to mutants assigned 
to different sites. In most cases, the observed overlap was 
between two sites (especially Sa and Sb) and, as discussed below, 
probably indicates the close physical proximity of these sites. In 
a few cases, however, linkages among three or four sites were 
observed. Notably, these linkages were only evident at the level 





Table 2 The frequency of mutants in individual sites 
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Frequency of mutants 


No. of In individual Average 
Hybridoma virus samples HA epitopes per HA site 
antibody analysed (log 10, mean+s.e.m.) 

Sa-] (©) 4 ~§.59+0.09 

Sa-4 (P) 1 -6.49 ~6.14+0.41 
Sa-6 (K) 2 —6.08 + 0.60 

Sa-15 3 ~6.41+0.33 

Sb-6—{E) 2 ~—5,32 +0.19 -5.48 +0.22 
Sb-7 i 4 -5.63+0.18 

Ca- {N} 5 ~5.21+0.34 

Ca-4 (D) 5 ~4.86+0,21 ~§.31+0.50 
Ca-6 (3) 1 -5.85 

Cb-13. (L) 4 6.264 0.19 —§,98 + 0.40 
Cb-5 {R} 2 ~3.70 + 0.67 





Cloned PR8 virus was titrated in the allantois on shell culture system in the 
absence and presence of an ‘over-neutralizing’ dose of the indicated anti-HA 
antibodies’. Viruses that grew at the titration end point in the presence of 
anti-HA antibody were shown to be mutants by subsequent antigenic analysis. The 
mutant frequency (ratio of virus titre in the presence of anti-HA antibody to virus 
titre in its absence) was determined in several independently cloned PR8 virus 
samples. Letters in parentheses indicate the viral mutants selected (see Fig. 1). 
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of slight reductions in antibody-binding capacity, which could be 
due to an unusual sensitivity of these antibodies to alterations of 
their epitopes as a result of amino acid substitutions in distant 
antigenic sites. 

Caution must be taken in correlating the present antigenic 
map with the physical structures of the HA molecule, as the 
epitope map was constructed on the basis of linkages that are 
operationally but not physically defined. Nonetheless, based on 
the extent of linkages one could envisage, for example, the 
antigenic structure of the HA molecule as a large contiguous 
antigenic area in which the Sa and Sb sites represent neighbour- 
ing structures, whereas the Sa and Cb sites correspond to distant 
structures. Competitive antibody-binding studies* support this 
general relationship between the operational and topological 
antigenic map. Further insight into the structural correlates of 
the present antigenic map could be provided by dissection of the 
HA molecule into antigenically active protein fragments ~ ** or 
determination of the position of the changed amino acid residue 
in individual mutant HA molecules??? 
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Lastly, the antibodies of the Cx family did not discriminate 
between mutants and parental virus. Final mapping of the 
corresponding antigenic area will require the selection of 
mutants with these antibodies. The Cx antibodies may even- 
tually be found to recognize epitopes contained within one of the 
four defined antigenic sites or alternatively, one or more may 
define a new antigenic site. 

Wilson et al.”* have recently resolved the structure of the HA 
molecule of the influenza virus A/Hong Kong/68 by X-ray 
crystallography. Amino acid substitutions that had occurred in 
nature among epidemic virus strains of the Hong Kong subtype 
and in mutant viruses selected in vitro with monoclonal anti- 
bodies, clustered into four major areas of the HA molecule” 
These areas seemed to represent the structural correlates of four 
antigenic sites’ which is completely consistent with our findings. 

Figure 2 shows the reactivities of our various monoclonal 
antibodies with epidemic influenza virus strains originally iso- 
lated during the period 1931-57 (PR8 was isolated in 1934). 
The five antibody families cross-react to different degrees with 
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these heterologous virus strains, suggesting a varying extent of 
antigenic drift in nature. The Sb antibody family is almost 
completely nonreactive with virus strains isolated after PR8. 
Thus, the antigenic site delineated by the Sb antibodies under- 
went drastic antigenic drift in nature while drift occurred to a 
slightly lesser extent in the Sa site, in which four cross-reacting 
antibodies react with heterologous viruses isolated shortly 
before (SW and WSN, in 1931 and 1933) or shortly after (MEL 
and BH, in 1935} the isolation of PR8. In contrast, drift occurred 
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Fig.2 Binding of hybridoma antibodies in RIA to epidemic influenza virus 
isolates. The data are similar to those of Fig. 1 except that the white squares 
represent binding of <2.64, the cross-hatched squares 2,64-4.64, and the 
black squares >4.64. Wider binding ranges than those in Fig. 1 were chosen 
so as to differentiate between low (2.64-4.64) and non-detectable (<2.64) 
crogs-reaction. The virus strains used as imrmunoadsorbents are arranged 
according to the year of their isolation: A/SW/3i1(HIN1): 
A/WSN/33(HIN1); A/PR/8/34(HIN1); A/Melbourne/3S5(H1IN1); 
A/BH/35(HIN1). A/Hickox/40Q( HIN): A/Bellamy/42(HIN1); 
A/Weiss/45(HIND: A/CAM/46(HIN1T); A/FM/1/47(08 INE}; 
A/FW/1/S0CHINI), A/Malaya/302/54(HIN1); A/Denver/1/57(HIN1). 


YO A ALAA AA RAMEE MAN AAAI HHUA ARAN RARE IE HAIMA AHIR HALRB aaaea RHA RE iea 


in nature to a much lesser extent in the antigenic sites delineated 
by the Ca, Cb and Cx antibodies. (Based on these observations 
we have designated the PR8 ‘strain-specific’ antigenic sites Sa 
and Sb and the ‘cross-reactive’ sites Ca and Cb. Note, however, 
that the Sa and Cb sites contain both ‘specific’ and ‘cross- 
reactive’ epitopes, although at different proportions.) 

If antigenic drift in nature results from the selection of spon- 
taneously arising mutant viruses that exhibit a favoured growth 
potential amid a pre-existing immunity in humans’, the 
mechanisms responsible for antigenic drift clearly act differently 
on the various antigenic sites defined here. This phenomenon ts 
probably not due to an inherently greater mutability of the 
antigenic structures corresponding to the Sa and Sb sites as the 
average frequency of antigenic mutants present in cloned egg- 
grown PR8 virus is similar in ‘specific’ and ‘cross-reactive’ 
antigenic sites (Table 2). Therefore, the antiviral immune 
mechanisms seem to exert a stronger selection pressure for 
mutations in the Sa and Sb sites than the Ca and Cb sites. This 
could result from a predominant immune response of humans to 
the Sa and Sb sites and/or greater protective antiviral activities 
mediated by these antibodies. 

Preliminary experiments showed that antibodies directed 
against the Sa and Sb sites exhibit in vitro a >10-fold higher 
virus-neutralizing potency than antibodies directed against the 
Cb site, which could explain the more extensive drift in the Sa 
and Sb sites than in the Cb site. However, very little drift 
occurred in the Ca site despite the relatively high virus-neu- 
tralizing potency of anti-Ca antibodies in vitro. Perhaps humans 
are unable to produce antibodies against the Ca site in sufficient 
quantities, or anti-Ca antibodies are ineffective in vivo. 

We have thus used hybridoma antibodies and virus mutants 
selected in vitro to characterize the antigenic topology of the 
PR8 HA molecule. Webster and Laver’? have used a similar 
approach to demonstrate the existence of at least three non- 
overlapping antigenic sites on the HA molecule of influenza 
virus A/Mem/71. This approach has so far been used only to 
investigate the antigenic structure of the influenza virus HA 
molecule but it is clearly applicable to other viral proteins and to 
surface proteins of eukaryotic and prokaryotic organisms”. 
Thus, it should be possible to determine the antigenic structure 
of a wide variety of biologically relevant antigens, which in turn 
may be useful for understanding the relationship between 
specificity and function of immune effector mechanisms. 
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Somatic cell hybridization is a valuable tool for investigating the 
control of gene expression in eukaryotic cells'*. Studies of 
hybrid cells, heterokaryons, reconstructed cells and cybrids 
(cytoplasmic hybrids) have suggested that cytoplasmic factors 
may be involved in this regulatory process. Unfortunately, 
studies of this kind usually require that hybrid or modified cells 
be maintained for some time in a selective environment during 
which chromosomal losses or other changes may modify the 
genetic functions of the cells and thus vitiate conclusions about 
the mechanism of gene regulation. We report here the pre- 
paration of cybrids between enucleated mouse fibroblasts (Cl-1- 
D) and differentiated rat hepatoma cells (Fao) and the use of a 
combination of histological techniques to identify these 
modified cells early after fusion without the use of selective 
media. We found that albumin production in most cybrids was 
suppressed (extinguished) at 12-20h after fusion but was 
restored by 48 h. These results suggest that there is a cytoplas- 
mic factor in the fibroblast which exerts negative control over 
expression of the albumin gene, but which in the absence of the 
fibroblast nucleus, is not renewed and therefore short-lived. 
The loss of gene functions characteristic of differentiation is 
commonly observed after cell fusion and is termed extinc- 
tion’**°, For example, most hybrids between fibroblasts and 
hepatoma cells do not express differentiated liver functions such 
as albumin synthesis, tyrosine aminotransferase and aldolase. 






The phenomenon, well studied in hybrids, has also been ob- 


served in heterokaryons (refs 7-10 and M. Ninio and M. Weiss, 
in preparation), and it has been suggested that differentiated 
gene functions are controlled by diffusible substances whose 
effects are negative or suppressive’. Evidence that the 
substances concerned may be cytoplasmic has been provided by 
experiments’! in which cybrids obtained by fusing Friend 
erythroleukaemia cells with cytoplasms of neuroblastoma cells 
or fibroblasts failed to produce haemoglobin in circumstances in 
which erythroleukaemic cells would have done so. However, 
most attempts to transfer extinction or other properties under 
genetic control by cybridization have failed (refs 12-14 and 
C. R. Kahn, T. V. Gopalakrishnan and M. C. Weiss, in pre- 
paration). Such negative experiments, however, do not rule out 
the possibility of cytoplasmic regulators of gene expression, 
because the cybrids usually cannot be examined until several 
days to weeks after fusion when grown in selective conditions. 
Here we used a combination of histological techniques to search 
for cytoplasmic regulatory factors early after cybrid formation. 
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The cytoplasm of the mouse fibroblast Cl-1-D was labelled by 
allowing the cells to phagocytose polystyrene beads (0.5- 
1.0 um), after which enucleation was performed using the 
method of Gopalakrishnan and Thompson’. Cl-1-D cells are 
somewhat resistant to cytochalasin-induced enucleation, but 
with this method between 50 and 70% of the cells can be 
enucleated with high yield. After a short period of recovery, the 
cytoplasts, still attached to the plastic disks used for enucleation, 
were fused with the differentiated rat hepatoma, Fao, using 
polyethylene glycol (PEG). At selected time intervals, the cells 
were fixed and stained by an indirect immunofluorescent tech- 
nique for albumin’ followed by nuclear staining with the 
fluorochrome dye Hoescht 33258 (ref. 16). The cells were 
then examined using phase contrast and epifluorescent illumi- 
nation, 

This combination of histological techniques allowed the 
identification of both parent cell types, heterokaryons, hybrids 
and cybrids. The fibroblast cytoplasm was labelled with beads 
and the hepatoma was not; the rat (hepatoma) nuclei stained 
homogeneously with Hoescht 33258, whereas mouse (fibro- 
blast) nuclei possessed densely staining heterochromatin or 
chromocentres which fluoresced as bright spots (Fig. 1, top and 
middle rows respectively). Heterokaryons possessed cytoplas- 
mic beads and both rat and mouse nuclei; hybrids, cytoplasmic 
beads and a large ‘mixed-type’ of nucleus; and cybrids, cyto- 
plasmic beads and only a rat nucleus (or nuclei) (Fig. 1, bottom 
row). Each of these cell types was evaluated for albumin 
production by immunofluorescent staining (Fig. Ic, f, i). 

At 12-20h after fusion, cybrids between the enucleated 
fibroblast Cl-1-D and the rat hepatoma Fao showed a marked 
extinction of albumin production based on immunofluorescent 
staining (Fig. li). In four separate experiments, 59-72% of all 
mononuclear (1N) cybrids examined were negative for albumin, 
compared with <10% negative in normal cultures of Fao (Table 
1; Fig. 2). This is comparable with the frequency of extinction of 
albumin production observed in the same experiments in 
heterokaryons between intact Cl-1-D and Fao at this time point 
(data not shown). The extinction was not due to a toxic effect of 
the PEG or to the fusion itself because intact Fao cells on the 
same disk or Fao homokaryons (Fao cells fused with other Fao) 
were between 89 and 91% positive for albumin by this tech- 
nique. Furthermore, the extinction was not due to quenching of _ 
fluorescence by the polystyrene beads, because Fao cells which _ 
had been allowed to phagocytose beads directly showed 
comparable levels of albumin by immunofluorescence (data not 
shown). 

Extinction was a rapid but transient phenomenon (Fig. 2, 
Table 1); within 6 h after fusion, 18-35% of all cybrids already 
demonstrated extinction, and extinction reached its maximum 
by 12~-20h (Table 1). After 24h, a decline in the level of 
extinction was apparent, and by 45-48 h cybrids were 90% 
positive for albumin, a level comparable with that in the non- 
fused Fao. 

Although we cannot accurately quantitate the ratio of cyto- 
plasm contributed by the enucleated fibroblasts and the intact 
hepatoma, some attempt was made to evaluate the concen- 
tration dependence of the phenomenon by comparing the 
frequency of extinction in cybrids containing one nucleus with 
those containing more than one nucleus (but only rat hepatoma 
nuclei). In each experiment, and at every time point, the 
frequency of extinction was greater in the one-nucleus cybrids 
(1N), than in cybrids containing more than one nucleus (>1N) 
(and thus more than one rat hepatoma cell) (Table 1, Fig. 2b). In 
general, extinction seemed to be more frequent in those cybrids 
containing the largest numbers of beads, although this proved 
impossible to quantitate because cytoplasts varied considerably 
in the extent of labelling and those more heavily labelled with 
beads were preferentially lost during the enucleation procedure. 
However, these experiments strongly suggest that the cytoplasm 
of the mouse fibroblast contains a diffusible regulatory molecule 
which is short-lived and can influence the expression of albumin 
production in a time- and concentration-dependent fashion. 
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Despite intensive study, the molecular basis for the regulation 
of gene expression during the process of cellular differentiation 
remains poorly understood. It has been assumed that there may 
be both positive and negative regulators of gene expression in 
eukaryotic cells analogous to those observed in bacteria’’. The 
existence of cytoplasmic molecules which may serve as regula- 
tors of gene expression has been clearly demonstrated by 
nuclear transplantation in protozoa and lower vertebrate spe- 
cies'®*:'". 

More recently, evidence has also been provided for the exis- 
tence of similar positive and negative cytoplasmic regulatory 
factors in mammalian cells. Analysis of differentiated functions 
in somatic cell hybrids’ and heterokaryons (refs 7-10 and 
M. Ninio and M. Weiss, in preparation) has suggested that the 
expression of genes in mammalian cells may be regulated by 
diffusible substances whose final effect may be either negative 
(extinction) or positive (activation). Evidence that these factors 
exist in the cytoplasm has been suggested by two types of 
experiment. Lipisch et al.*” observed activation of the gene for 
tyrosine aminotransferase in reconstructed cells prepared from 
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mouse fibroblast nuclei and rat hepatoma cytoplasts, and 
Gopalakrishnan et al.''*' have observed both extinction and 
activation of differentiated functions in cybrids prepared from 
mouse erythroleukaemia cells and cytoplasts derived from a 
variety of cells. With these exceptions, however, most attempts 
to transfer cytoplasmic regulatory factors have yielded negative 
results'*~'*, For example, we found that 6 weeks after fusion, cell 
hybrids between hepatoma and fibroblasts almost invariably 
showed extinction of differentiated liver functions (such as 
albumin and a-fetoprotein production, aldolase activity), 
whereas cybrids prepared using only the fibroblast cytoplasm 
did not, although chloramphenicol resistance (a fibroblast 
mitochondrial marker) was transferred, indicating that fusion 
had indeed taken place (C. R. Kahn, T. V. Gopalakrishnan and 
M. C. Weiss, in preparation). 

Our data suggest that the fibroblast cytoplasm does indeed 
contain a molecule(s) capable of producing extinction of albu- 
min production with very high efficiency. The reason this poten- 
tial regulator of gene expression was not previously observed is 
that, in the absence of a nucleus coding for new synthesis, the 
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Fig. 1 Morphological and immunological characterization of the parental cells and cybrids. Cl-1-D (middle row) is a clonal line of fibroblastic mouse cells, 
sometimes referred to as LM(TK~)**. Fao (top row) is a fourth-generation clonal line of well differentiated rat hepatoma cells derived from the hepatoma line 
H4ITEC3 which is resistant to 8-azaguanine and ouabain’’. Both cell lines were cultivated in modified Ham's F12 medium” supplemented with 5% fetal calf serum in 
a humidified atmosphere, 7% CO,. To prepare cybrids (bottom row), Cl-1-D cells were first allowed to phagocytose polystyrene beads (Dow) by adding a sterile 
suspension to culture medium and incubating the cells overnight. Beads of 0.8 um were of optimum size for easy detection without gross distortion of morphology d, 
although 0.5 and 1.0 um beads were also usable. The cells were then detached with trypsin and EDTA”, resuspended in phosphate-buffered saline (PBS), and 1 ml of 
cell suspension (2-3 x 10° cells ml~') was allowed to attach to 45-mm plastic disks precoated with concanavalin A (0.15 mg) and enucleated as described by 
Gopalakrishnan and Thompson '* using medium containing 10 pg ml“! of cytochalasin B. A 50-70% enucleation could be achieved by centrifugation for 40 min at 
16,000g at 37 °C with a ~40-50% yield. After a recovery period of 30-45 min in normal! growth medium, the medium was aspirated and | ml of a suspension of 
2.5-3.5 x 10° Fao cells was carefully layered onto the plastic disk. After 2-2.5 h at 37 °C in the incubator, the Fao cells were well attached and fusion was carried out by 
treating for | min with a solution of 50% PEG (1000 Merck, Ultrapure) in serum-free medium. The cells were washed four times with serum-free media, then 
returned to the incubator in 60-mm Petri dishes containing 5ml of growth medium. At appropriate intervals, the coverslips were removed and prepared for 
histological examination as described by Ninio et al. (in preparation). The cells were fixed in 3% formaldehyde for 1 min, which was diluted 1:1 with methanol, then 
replaced completely by pure methanol for 30 min. The cells were then incubated with a rabbit anti-rat albumin serum (dilution 1: 100) for 30 min at 37 °C, washed 
with PBS for 5 min, then stained with a fluorescein-labelled sheep anti-rabbit IgG (Institut Pasteur, dilution 1 : 200) for 30 min at 37 °C. After an additional wash with 


PBS, the cells were stained with the fluorochrome Hoescht 33258 (0.5 pg mi ~t)" 


and rinsed again with PBS. Glass coverslips were mounted over the cells with 


buffered glycerol and sealed with Histolaque. The slides could then be stored at 4 °C or examined directly in phase contrast and epifiuorescent illumination using a 

Zeiss UV microscope equipped with a HBO 200 W mercury lamp. Photographs were taken with either a x40 or 100 oil immersion objective, using Ilford HP-5 or 

Ektachrome film. This figure shows the appearance in phase contrast and fluorescence microscopy of the two parent cell types and the cybrids: a, d, g, phase contrast; 

b, e. h, Hoescht 33258; c, f, i, albumin. Hoescht 33258 stains the nuclei of the rat hepatoma homogeneously (b), whereas the mouse fibroblast nuclei have a dotted 

appearance due to more intense staining of the chromocentres (e). The bottom row shows a typical cybrid next to a binucleated Fao cell or homokaryon. Both cells 

have only rat type nuclei (h ), but the cybrid also shows cytoplasmic beads as a result of fusion with a Cl-1-D cytoplast. Note that albumin (/) is extinguished in the 
cybrid but not in the adjacent Fao cell 
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Fig.2 Time course of extinction of albumin production ın cybrids between Cl-1-D fibroblasts and the rat hepatoma Fao a, The experiments in Table 1 have been 

summarized by totalling all cybrids examined at each time posnt for the four experrments and calculating the per cent albumin-positive cells by immunofluorescence 

Numbers in parentheses indicate the number of cybrids examined b, The dataina were subdivided to show the mononuclear cybrids (IN, solid line) versus the cybrids 

with more than one rat nucleus (>1N, broken lne) Note that at every time point extinction is more frequent in the 1N cybrids We believe that smmunofluorescent 
staining for albumin will be positive until the cellular content of albumin ts reduced by >75% 


factor has a relatively short half life Thus, albumin production 
was inhibited or markedly repressed ın the majority of cybrids 
by 12-20 h after fusion, but by 48 h extinction was no longer 
observed, presumably because the factor had been metabolized 
or diluted by cell division to a level no longer sufficient for 
activity This ıs supported by data obtained ın a parallel series of 
experiments in which heterokaryons between Cl-1-D and Fao 
cells showed extinction with a similar rate of onset, but which 
persisted for the 10 days of the study (M NinioandM C Weiss, 
in preparation) Although quantitation 1s difficult, both studies 
showed a dose-dependent effect, cybrids and heterokaryons 
with more than one hepatoma nucleus showed less extinction 
than those with only a single hepatoma nucleus 

Neither the chemical nature of the factor(s) nor the location of 
regulation is apparent Previous studies with hybrids and mutant 
cells have suggested that regulation of gene expression occurs at 
a pretranslational level and ıs specific for the differentiated 
functions of the cell’° Studies ın prokaryotes have indicated 
that both proteins and small molecules, such as cyclic AMP, may 
act as regulatory factors'’ The time course of extinction ob- 
served in these experiments ıs more consistent with the half life 


of a protein than a cyclic nucleotide However, 1t would not be 
surprising if the time course of effect varied extensively depend- 
ing on the half life of the regulator in its new environment, as 
well as its mode of action Activation of the tyrosine amino- 
transferase gene ın the reconstructed cells formed from fibro- 
blast nucle: and hepatoma cytoplasm lasted 6-8 weeks”, and 
permanent activation of the gene for phenylalanine hydroxylase 
seems to occur in cybrids formed from erythroleukaemua cells 
and hepatoma cytoplasts*’ However, using an experimental 
design similar to that reported here, except that cybrids were 
formed between enucleated hepatoma cells and fibroblasts, we 
have been unable to obtain evidence for any positive regulators 
of albumin gene expression 
Clearly, some cytoplasmic regulators of gene expression exist 

The transient effect observed in the absence of the nucleus 
supports the concept that, ın general, the epigenotype 1s stable! 
Thus, somatic-cell hybrids re-express parental differentiated 
functions following the loss of chromosomes from the extin- 
gushing parent??"*> It 1s also evident, however, that, in the 
eukaryotic cell, there are multiple potential mechanisms of gene 
regulation Direct studies of cell extracts using chemical 


Table í Immunofiuorescent quantitation of albumin production in cybriJis between Cl-1-D and Fao cells 


% Of iN % Of all 

No of IN cybrids No of >1N % Of >1N No of Total cybrids 

cybrids examined albumin cybrids examined cybrids albumin cybnds examined albumin 

Expt Time (h) Albt Alb- positive Albt Alb- positive Alb* Alb- positive 
6 64 38 623 9 2 818 73 40 646 
1 18 38 55 409 10 3 769 48 58 453 
30 58 19 75 3 29 2 93 5 87 19 82 i 
18 20 43 317 18 26 409 38 69 355 
2 24 28 34 538 24 15 615 52 49 515 
9 45 46 495 15 7 68 2 60 53 53 1 
3 20 17 43 28 3 38 14 730 55 57 491 
45 84 12 875 12 1 92 3 96 13 88 1 
6 67 15 817 16 3 84 2 83 18 822 
12 31 46 403 15 13 536 46 59 43 8 
18 53 48 52 0 16 4 750 69 52 62 7 
$ 24 53 53 500 22 3 88 0 75 56 676 
30 57 43 518 22 7 759 79 50 66 4 
48 76 8 916 19 3 86 4 95 11 89 6 
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fractionation and microinjection”®, as well as further charac- 
terization of the DNA and specific genes?” from expressing and 
non~-expressing cell lies, should elucidate these problems 
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Polyoma virus can develop lytically in differentiated mouse 
cells, but is unable to express either early or late functions in 
undifferentiated early embryonic cells’ or in embryonal 
carcinoma (EC) cells of the mouse. However, the EC cells 
become susceptible during differentiation and then behave as do 
mouse sometic cells’. We have recently described the isolation 
of a new class of polyoma virus mutant (Py EC) able to develop 
normally in an EC cell line (PCC4-Aza) that is capable of 
trigerminal differentiation in vivo? but exhibits a very limited 
differentiation in vitro*. The mutants do not grow in another EC 
cell line (F9) that is ‘blocked’-—‘nullipotent’ in vive, but able to 
differentiate in vitro when grown in the presence of chemical 
inducers. Compared with their parental strain. all Py EC 
genomes analysed so far have an extra 20-50 bases in their 
Hpall-3 restriction fragment’, We now describe polyoma 
mutants thet will grow in EC F9 cells, and the sequence changes 
in two of them. The region involved in the mutations can be 
folded into a putative tRNA -like secondary structure which may 
be involved in the regulation of viral early transcription with 
respect to the state of differentiation of the host cell. 

Mutants of polyoma virus able to develop on F9 EC cells were 
obtained using two different procedures F9 cells were infected 
(1) with an heterogeneous and highly defective pclyoma stock, 
obtained by viral propagation at high multiplicity of infection 
(MOI) on permissive mouse cells, as already described for the 
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selection of Py EC on PCC4-Aza, or (2) with purified wild-type 
polyoma A2, ata MOT of 5,000 plaque-forming units (PFU) per 
cell Following their infection, F9 cells were cultured as usual 
and scored periodically by immunofluorescence for polyoma T 
(tumour) and V (late structural proteins) antigen expression In 
both procedures, and as reported for the PCC4-Aza cells, viral 
proteins were detected in 5-20% of the cells 3-4 weeks after 
infection The virus produced was recovered and plaque purified 
three times on secondary mouse embryo cells (We propose 
calling the mutants Py EC, followed by the name of the cells on 
which they were selected and the isolate number, for example, 
Py EC PCC4-97, Py EC F9-5) Transforming ability on rat 
FR3T3 cells®, efficiency of tumour induction in newborn 
hamsters and burst size on various permissive mouse cell lines 
were checked for independent Py ECF9 isolates As observed in 
the case of Py EC PCC4, no significant difference between 
Py EC F9 mutants and wild-type virus could be found 

Endonuclease restriction analysis of five independent 
PyECF9 mutants revealed no common detectable size 
modifications of the HpalI-3 fragment (compare the EC PCC4 
mutants of ref 9) nor any specific rearrangement associated with 
either of the selection procedures used 

F9 EC cells infected with 10 PFU of any of the Py EC F9 
mutants tested, exhibit, 42 h after infection, more than 60% of 
T-antigen positive cells, as measured by immunofluorescence® 
In the same conditions of infection, never more than 5% PCC4- 
Aza cells were shown to express T or V antigen (results not 
shown) 

The efficiency of F9 infection by the Py EC F9 mutant can be 
compared with that of PCC4-Aza infection by Py EC PCC4 
mutants” ın the latter case, at 37 °C, never more than 40% T- or 
V-antigen positive cells were observed (after infection at 
100 PFU per cell) whereas F9 cells infected at 5~10 PFU with 
Py EC F9 mutants allow viral expression in 60-80% of the cells 
All these biological properties suggest that restriction of poly- 
oma expression in F9 and PCC4 may involve different factors 

The cloned viral genomes inserted into the BamHI site of 
PBR322 were tested for their infectivity by transfecting secon- 
dary mouse embryo cells with viral DNA obtained after 
cleavage with BamHI and ligation The virus burst obtained was 
then used to infect both EC F9 and EC PCC4 cells at a MOI of 
10-20 PFU per cell When monitored for the appearance of T 
and V antigens by immunofluorescence, 60-80% of the EC F9 
cells but only 3-5% of the EC PCC4 cells were positive DNA 
extracted from two mutant infectious viruses revealed the 
expected restriction pattern, without apparent defective 
genomes 

About 500 nucleotides around the origin of DNA replication 
were sequenced in Py EC F9~1 and about 700 1n Py EC F9-—5, as 
described ın the legends to Figs 1 and 2 Only slight differences 
from the wild-type polyoma sequence were found Py EC F9-1 
has three insertions a thymine between positions 85 and 86, 
another thymine after position 109 and an adenine between 
positions 119 and 120 One transition of a thymine into a 
cytosine at position 63 1s also observed (The numbering system 
used here is based on the PyA2 sequence of Arrand et al*® 
where residues in the late region are counted from the middle of 
the HpallI-3/5 taken as zero ) In Py EC F9-5, there is a dupli- 
cation of a 179-base pair region covering the origin of DNA 
replication but only the right-hand duplicated sequence reveals 
the existence of two supplementary nucleotides, a thymine 
inserted between positions 108 and 109 and an adenine between 
nucleotides 120 and 121 We do not believe that the duplication 
in Py EC F9-5 has any role in the properties of the mutant 
because other polyoma mutants with a duplication of the DNA 
origin of replication’! do not give rise to productive infection on 
either ECF9 or EC PCC4 cells The rest of the nucleotide 
sequence 1s identical to the one we have determined previously 
for the A2 wild-type polyoma’, and differs only slightly from 
that published by Arrand etal !° To confirm that the host-range 
capacities were due solely to the point mutations detected, and 
that no other modification elsewhere ın the polyoma genome 
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Fig. 1 Genomic organization 
around the origin of DNA repli- 
cation in wild-type and mutant 
polyoma, the DNA sequencing 
strategy The origin of DNA reph- 
cation 1s commonly given as the 
Hpall-3/5 junction The beginning 
of translation of the early T antigens 
at —173 base pairs and the late VP2 
at +291 base pairs, as well as its 
direction are shown by the cor- 
responding arrows Underneath are 
given the parallel regions of the two 
mutants analysed in the present 
study The nucleotide sequence 
determined ıs presented by the 
underlying ` arrows For both 
mutants, the HpalI-3, Hpall-5 and 
Bgll-3 fragments were purified on 
polyacrylamide gels after digestion 
of the corresponding’ pBR322-Py 
plasmids, and labelled at their 5’ end 
with °P using the exchange reaction 
with T; polynucleotide kinase as 
described by Berkner and Folk?” 


- 


EARLY 
Hpa {1-5 


Py wt A2 
300 200 





Tag 


Py EC F9-1 


LATE 


Hpa l-3 


Ori 


-100 


Hpa I 


Hpa 1 
- 5292/0 


Hpa N 


VP2 


+100 200 300 


After secondary restriction with BamHI, Alul and BamHI, respectively, the labelled and purified fragments were submitted to the partial 


chemical degradation of Maxam and Gilbert 


and the subsequent products were fractionated on 6 or 20% polyacrylamide-urea 0 35-mm thin 


gels?” Autoradiography was done either with Kodak NS-2T film at —20 °C or with an intensifying screen (Cronex Lightning~Plus, DuPont) using 
a preflashed Kodak X-OMAT R film at —-70°C (ref 23) Point mutations observed are shown (Y) The duplication in polyoma EC F9-5 1s 


designated by the box 


was involved, we constructed a hybrid DNA molecule in which 
the mutant Bell-BamHI 750-base pair (930 base pairs in 
Py EC F9-5) fragment covering the mutated region was ligated 
to the complementing 4 5-kilobase region of wild-type poly- 
oma, and vice versa The hybrid DNA was used to transfect 
secondary mouse embryo cells and the virus burst was utilized to 
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infect EC F9 cells Only the hybrids containing the 750-base 
pair (or 930-base pair) fragment from the mutants gave produc- 
tive infection as assayed by the appearance of the T and V 
antigens (about 60-80% positive cells compared with 0 1% ın 
the opposite construction) Segal et al ° have detected a low 
amount of unspliced SV40 DNA ın F9 cells after infection with 
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and Pvull are given as landmarks The 
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Arrand et al °° 
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this virus The fact that the polyoma mutants are not located in 
the region concerned with the splicing of polyoma early RNA 
tends to exclude a possible block at this step during infection 
with wild-type polyoma 

The changes occurring in the Py EC PCC4 and Py ECF9 
mutants show that both groups have genomes altered ın the 
sequence of the Hpall-3 fragment, near the origin of DNA 
replication on the late side of the genome, in a noncoding region 
(Fig 4) Py EC PCC4 mutants reveal a genomic rearrangement 
in which a deletion (from nucleotide 46 or 77 to nucleotide 107) 
1s replaced by the duplication of a downstream region (nucleo- 
tide 138 or 157 to 220, see Fig 4 and ref 12), whereas the 
Py EC F9 mutants exhibit ın the same region a series of point 
mutations as described above Note that in the Py ECF9 
mutants, one of the thymine insertions 1s always located at the 
108/220 deletion—duplication junction site of Py EC PCC4 
mutants The region of the polyoma genome comprising 
nucleotides 62~—133 can be folded into a clover-leaf structure 
(ref 5 and Fig 3) The generation of such a structure with 
circular double-helical DNA ıs certainly subject to topological 
constraints However, , transcription activation postulated for 
prokaryotic replicons’* or the action of a DNA gyrase (DNA 
topoisomerase II)'*'*, could permit the local melting of the 
DNA double strand and the formation of a secondary structure 
with single-stranded DNA The structure can be stabilized by 
interaction with specific proteins Alternatively, a secondary 
structure on the DNA level could be limited only to stem II (Fig 
3) It 1s striking that this part of the genome 1s modified ın both 
Py EC PCC4 and Py ECF9 In Py EC F9, all the mutations are 
localized between nucleotides 63 and 121 (see Figs 3, 4) and 
touch mainly stem II of the clover-leaf structure, with the 
insertion of an adenine facing a complementary thymine Such 
an insertion of an extra A T base pair in a G+C-rich stem could 
change its interaction with proteins 

Whereas transcription im vitro with eukaryotic RNA poly- 
merase JJ requires mainly the TATA box (D Hogness and M 
Goldberg, unpublished observations), several pieces of 
experimental evidence suggest that at least 100-200 nucleotides 
upstream of this sequence are important for transcription 
regulation in vivo” '® The rearranged region ın the polyoma EC 
mutants is located 100-200 nucleotides before the hetero- 
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Fig.3 A clover-leaf structure in the late noncoding region in the 
polyoma virus genome The structure suggested by Soeda etal ° for 
wild-type polyoma virus between nucleotides 62 and 133 on the 
late strand of the genome is drawn It 1s possible to draw the 
complementary structure with the early strand The insertions and 
the transition ın this region ın the two mutants analysed are shown 

Note that most insertions for both mutants occur on stem II, always 
with a double insertion of the complementary adenine and thy- 
mine Note also that ın all the Py EC PCC4 mutants, the junction 
between the deletion and the duplication at 108/220 occurs again 

on the stem II 
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Fig 4 Summary of the genomic changes around the origin of 
DNA rephcation in Py EC PCC4 and PyECF9 mutants The 
upper part of the diagram shows the rearrangements ın the 
Py EC PCC4 mutants where a region between nucleotides 46 or 77 
to 107 1s deleted and replaced by the region between nucleotides 
138 or 157 to 220 which 1s duplicated (see also ref 12) The lower 
part concerns the Py EC F9 mutants with the point mutations (A) 
between nucleotides 63 and 121 as described ın the text 


geneous 5’ ends of the early mRNA (R Kamen, personal 
communication) In addition, this same region precedes the 5’ 
ends of late mRNA and should be important for the control of 
late transcription Thus, the sequence rearrangements that can 
occur without impairing the viability of the virus are limited 
Previous studies have shown that wild-type polyoma DNA 
penetrates the EC cells but does not express early mRNA 
Recent results’? reveal that on polyoma EC viral infection of 
PCC4 of F9, no new sites for early polyoma transcription 
initiation could be detected but the overall rate of specific 
polyoma transcription 1s greater than that of wild-type polyoma 
in these cells 

A model could be proposed in which a regulatory protein 
present in EC cells but not ın differentiated derivatives inhibits 
early transcription of the virus by binding to the nucleotide 
63-132 region The modification of the sequence either by point 
mutations or by rearrangement destroys the specific binding site 
but still conserves a stable secondary structure otherwise needed 
for viral expression, thus relieving the inhibition of transcrip- 
tion Alternatively, another model could be constructed based 
on a positive regulation Interestingly, the putative tRNA-like 
structure in which the mutations occur 1s included ın the region 
devoid of nucleosomes (gap) ın viral chromatin (P Herbomel et 
al , unpublished results) 
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New guard at the National Academy 


The annual meeting of the National Academy of Sciences in 
Washington this week 1s something of a milestone Among other 
things, the scientific programme includes a meeting to mark the 
impending retirement of Dr Philip Handler as president of the 
academy From then until 1 July, when Dr Frank Press takes over, 
he will be something of a lame duck, which does not mean that he 
will be less outspoken than ın the past (President Eisenhower, 
one of the most taciturn and even inarticulate of presidents, 
waited until his lame-duck period before making his unexpected 
but still memorable attack on the ‘‘mulitary-industrial complex’’ ) 
Inevitably, however, the academy’s army of committee members 
will from now on be guessing at the changes that Press’s 
succession 1s likely to bring Handler will have to try harder if he 
seeks to capture their attention 

He should not feel sighted Handler has done a distinguished 
job ın his two six-year stints as president of the academy Neither 
of his immediate predecessors could have done as well Dr Detlev 
W Bronk’s apparently randomly directed ebullience may have 
suited the spirit of the late fifties and early sixties, but would have 
landed him perpetually in hot water m the past decade Similarly, 
Dr Frederick W Seitz’s masterly passivity, well suited to the 
boomung budgets of the mid-sixties (but wearing thin towards the 
end) would have led him mto trouble in the turbulent seventies 
Handler’s spell at the academy has been a much rougher ride 
During this period, budgets have been falling, Congress has 
assumed much more explicitly than before the role of public 
watchdog over — some would say public prosecutor of — the 
scientific enterprise, which has also been threatened by the 
environmental nonsenses of the early 1970s and the fuss about 
genetic manipulation at the end of the decade Inevitably, 
Handler has frequently been forced to play defending counsel To 
his credit, he has done this job courageously — and ın the process 
has made some stirring speeches 

Unlike the scientific academies of Western Europe, the United 
States academy has the seeds of dissension built into its 
constitution Thus ıt resembles the academies of Eastern Europe 
in having a formal relationship with Congress, which 1s 
empowered to commission studies on whatever questions happen 
to flit across the scene If, for example, Congress wishes to know 
whether small doses of radiation are dangerous, whether the 
accumulation of chlorofluorohydrocarbons in the atmosphere 
will dangerously deplete the ozone layer or whether the 
Department of Energy 1s telling the truth about energy forecasts, 
many committees of Congress will think first of commissioning a 
study from the academy Technically, the work 1s done by the 
National Research Council, in whose management both the 
academies of engineering and medicine have a part, but in the 
public mind (and that of Congress) the academy of sciences 1s 
responsible Since by definition the subjects on which Congress 
asks for advice are contentious, the academy frequently finds 
itself at the centre of public argument Last year’s report on the 
effects of small doses of radiation (see Nature 286, 550, 1980) was 
a good illustration of the troubles that can arise Occasionally, the 
academy asks for trouble, as with its own committee’s pungent 
advice that people should not be unduly concerned with the exact 
composition of what they eat (see Nature 285, 428, 1980) One of 
Handler’s tasks, in the past twelve years, has been to give this 
stream of documents a collective stamp of authority For the 
future, ıt would be better if the academy could arrange to shuffle 
off commussions for studies which are either pointless or 
untimely Too much of what it has attempted should have been 
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refused, and should be in the future 

That is one task for Dr Frank Press Another 1s to redefine the 
ground on which the scientific enterprise 1s defended Hitherto, 
the academy’s machinery for cogitating about problems of 
general concern has been directed towards specific contemporary 
problems, where data gathered by research promise to illuminate 
matters of general interest The academy has been much less 
concerned with the machinery by which the scientific enterprise 1s 
sustained The education of students in schools and colleges? The 
National Science Foundation has been allowed to set the pace, at 
least until 1ts budget was slashed last month The problem of 
university scientists, with or without tenure, engaged in the 
increasingly hazardous gamble of the pursuit of scholarship? 
Leave that to the American Council on Higher Education, which 
has strong opinions on issues such as tenure — and hope that 
people will one day recover from the over-abundance of 
documents churned out by the Kerr commission on higher 
education The propriety of the arrangements academics make 
with their universities to share ın the profits of extramural 
commercial enterprises? Or that universities make with 
commercial companies or with agencies of the federal 
government? The universities, the argument seems to go, are too 
jealous of their independence to welcome advice 

As events have turned out, the academy in Washinton should 
move quickly to take up these and a host of related questions 
Although the competitive universities and colleges of the United 
States are rightly proud of their autonomy, they are now afflicted 
by so many common and pressing problems that the academy’s 
influence could be decisive Should the protest against the new 
strict interpretation of the rules prohibiting the export of military 
material, which threatens to restrict the education of overseas 
graduate students, be left to a handful of college presidents (see 
Nature 9 April}? Are the new rules introduced by the Office of 
Manpower and Budget for accounting for the use of federal funds 
equitable or merely iniquitous? And will they achieve their 
declared purpose of saving federal dollars? Is ıt sensible that 
sources of financial support for graduate students should be as 
much curtailed as in the past few years? What — ın the national 
interest as well as that of research — should be the balance in the 
funding of research between project grants (with their 
accompanying variable overhead percentages) and straight 
institutional support (of which there 1s at present almost none)? 
And 1f institutional support comes back into fashion, to which 
institutions should it be channelled by which agencies? Many of 
these are tedious questions, but they are much more important 
than the consequences of aerosols ın the atmosphere 

The surprise so far 1s that the academy seems to have had very 
little interest ın these issues They are of course intangible and 
often boring There1s also always the danger that if a body such as 
the National Academy of Sciences speaks out forthnghtly on 
these subjects, ıt will be accused of self-serving propaganda on 
behalf ofitsmembers Thatriskis worthrunning Indeed, the risk 
must berun For with so many other well-wishers of the scientific 
enterprise emasculated by President Reagan’s first budget, the 
academy 1s almost the only institution in Washington able to 
speak out Moreover, the issues are likely to induce a harmony of 
purpose among the members of the academy sufficiently strong to 
carry the institution through the divisive issues certain to crop up 
in the next sıx years as ın the past twelve — whether, for example, 
to protest at Sakharov’s exile and, 1f so, how? Is this an agenda for 
Dr Frank Press? 
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Will the London Zoo survive (and how)? 


The London Zoo, more formally known as the Zoological 
Society of London, 1s in serious trouble In the annual report for 
1980, published last week, the president of the society, Lord 
Zuckerman, says that the organization 1s ‘“‘up against a brick 
wall’? The evidence of the report leaves little doubt that he 1s 
correct Last year, the society made a loss of £666,000, more than 
13 per cent of ıts income of just under £5 million This however, 1s 
not the end of the tale The society has made large losses in 
previous years — £130,000 ın 1979, for example The novel but 
ominous implication of last year’s result ıs that the society’s bank 
balance has been almost emptied, and replaced by a substantial 
overdraft And that there are unmistakable signs that the chief 
source of revenue, the entrance fees paid by visitors to the two 
zoos, 1n Regent’s Park, London, and at Whipsnade, 1s no longer 
an mnexhaustible pot of gold For at least two decades, as charges 
have been increased, the numbers of visitors to the zoos have been 
falling Last year, attendance at Regent’s Park fell by 11 per cent 
Like many other enterprises in mflation-ridden Britain, the 
society (which 1s a charity and not technically a business) 1s being 
crippled by continually rising costs and the shortage of cash in the 
economy to spend on the services it provides 

The society’s recipe for survival, outlined in the report for 1980, 
ıs logical enough but almost certainly destined for failure The 
zoo, the argument goes, 1s constituted as a charity which provides 
public services of several different kinds — pleasure for visitors to 
the two zoos, educational experience for a great many school 
students and a substantial amount of scientific research, much of 
it distinguished and not all of it inspired by the veterinary needs of 
the animals on display Last year,the two zoos managed to collect 
some £60,000 on account of their overtly educational work, by 
almost any test a miserly recompense for their educational value 
not merely in London but in the United Kingdom asa whole Last 
year, the cost of research (£780,000) exceeded by £322,000 
research grant income So the society 1s asking why its value as an 
educational institution should not be more tangibly recognized by 
local and central government, and why a substantial part of the 
cost of its research must continue to be met by those who 
innocently spend an afternoon looking at exoticanimals On both 
counts, the zoo has a powerful case 

If the zoo were to go out of business — and if its financial 
position does not improve, 1t may have no choice — there would 
be a great outcry from all kinds of interested parties Local 
education authorities would be prominent among those 
protesting that a great institution should not be allowed to sink 
without trace They would be complaining that children in their 
schools would be deprived of an essential part of their education 
The spendthrift among them would no doubt argue that 1f the 
London Zoo should be closed, ıt would be necessary for public 
funds to pay the cost of carting children to the distant game parks 
of central Africa Some might even be able to raise the funds The 
Zzoo’s case 18 that ıf the local authorities are as certain as seems 
hkely to mourn the disappearance of the London Zoo (and 
perhaps also of Whipsnade), they should contribute more 
generously now to help keep both institutions in being The logic 
is impeccable The snag 1s that local authorities are just now as 
hard-pressed as the zoo itself And ın the nature of British local 
government, they are mcapable of making discretionary 
expenditure, however prudent Voluntarily to shoulder part of 
the cost of supporting the London zoos would be politically risky, 
but the same local governments (the Greater London Council and 
the Inner London Education Authority) would have no qualms in 
foisting on their ratepayers the much larger cost of salvaging the 
society’s collapse 

The obstacles to the zoo’s case for more outside support for its 
research programme are a little less ominous The point has 
already been established that for two years there should be a 
modest subvention (£134,000 last year) from central government 
funds, while the zoo’s laboratories can compete for project grants 


from public and private sources The accounts for 1980 (which 
sensibly charge the cost of research ‘‘of direct benefit to animal 
management’ against the income of the public exhibits) 
nevertheless show that the society had to spend £250,000 of its 
inadequate income on research The principle that a private 
organization should qualify for a public subvention towards the 
overhead cost of research 1s unusual but 1s not an outrage Ifa 
research programme 1s worthwhile, there 1s no reason why it 
should not qualify for public support as if ıt were carried out in 
some publicly owned laboratory The obvious snag, that private 
management may mean fickle management, 1s easly overcome by 
making sure that all grants are short-term grants In the zoo’s 
present plight, the Advisory Board on the Research Councils, 
which unimmaginatively cuts the annual research cake ın Britain, 
should be willing to do more to help 

Public support of this kind, however, can only be a stop-gap 
The zoo itself must acknowledge that its research institutes cannot 
prosper if they have to live from hand to mouth, keeping watch on 
the dwindling queues at the visitors’ admission gates It 1s now 
clear that the zoo’s laboratories have a modest if distinctive 
contribution to make to some intriguing problems in anımal 
physiology and veterinary medicine, but that they will never be 
comprehensive or dominating In theinterests of the laboratories, 
the zoo should therefore seek a more durable framework for its 
research For a year now, there has been talk of a consortium 
including the zoo, the British Museum (Natural History) — which 
should simplify its name as well as root out cladistic excesses from 
its public exhibitions — and the Royal Botanic Gardens at Kew 
All three institutions have in common their dual concern for 
public exhibition and scientific research The connections 
between the three research programmes are by themselves, 
however, probably too tenuous to be a durable bridge Nor ıs ıt 
likely, ın present circumstances, that other British zoos would be 
willing to regard the London Zoo as a central research service for 
them all, writing cheques accordingly The zoo’s research 
enterprise might be better able to make its way in the world by 
setting itself up as a common service for academic and public 
research laboratories, for example by setting up well-run breeding 
colonies of primates Either (or some other) way, the zoo must 
quickly work out a plan and set out to make it work In the 
process, it may find it prudent to put more distance 
administratively between the research laboratories and the 
Zoological Society of London as a whole There 1s no evidence 
that the fellows of the society who go to watch the pandas on 
Sunday mornmgs presume to interfere with the research, but 
these days a show of independence would do no harm 

Much the same would be necessary 1f the zoo were to succeed in 
recruiting support from local government to keep its zoological 
display in good shape Local government politicians are more 
convinced than others that money means power, 1n this case 
influence over exhibition policy Lord Zuckerman seems bent on 
persuading London’s local politicians tha they should follow the 
examples of their peers in Berlin, Rotterdam and elsewhere 
Would he and the council of the zoo be prepared to share their 
present absolute power with those willing to keep the zoo out of 
the red? This unfamiliar thought is neither unthinkable nor 
unseemly In the long run, ıt would help and not hinder 1f local 
governments were prepared to share anxieties about the zoo as 
well as support for it Experience elsewhere suggests that the 
propriety of the display need not be damaged The implication 1s 
that the zoo should evolve into a consortium of three separate 
charities — a research organization, a scientific society of some 
importance and a public exhibition In these hard times, ıt 1s too 
dangerous to let the enterprise stand or fallasa whole That way, 
ıt would be better organized for survival, better able to provide its 
well-wishers with a sense of belonging toaconstituency After all, 
many of the society’s friends think ıt wrong that animals should 
be kept ın zoos 
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Vienna institute hit by espionage charges 


Claims force 
soviet official 
to resign 


Allegations of espionage for the Soviet 
Union have forced the resignation of Dr 
Arkady Belozerov as secretary of the 
Institute of Applied Systems Analysis at 
Laxenburg, near Vienna This dramatic 
development has intensified anxiety at the 
institute about its long-term financial 
security, already threatened by the Reagan 
Admunistration 

Dr Belozerov was appointed to his post 
at the institute in 1971, and took up his job 
in December that year An article in the 
British news magazine Now! on 10 April 
said that Dr Belozerov, a plasma physicist 
by training, was also an agent of the KGB 
who had been the Soviet contact with a 
Norwegian double agent during his spell in 
Vienna A statement put out by the 
mstitute on 15 April said that Dr Belozerov 
had offered his resignation and that this 
had been accepted 

The responsibilities of the secretary of 
the institute are largely those of external 
relations with member organizations 
(mostly national academies), potential 
donors (such as foundations) and the press 
As with other senior posts at the institute, 
the secretary 1s appointed jointly by the 
director and the governing council Dr 
Belozerov’s name was the only nomination 
before the council ın 1979 The institute’s 
policy on recruitment requires that there 
should be a national balance among senior 
members of the staff 

The allegation in the Now’ article 1s that 
Belozerov took over from another Vienna- 
based Soviet agent responsibility for 
keeping contact with a Norwegian petro- 
leum engineer known as Jansen According 
to the magazine, ‘‘Jansen’’ began working 
as a double agent for the Norwegian 
security services six years ago, providing a 
succession of Soviet contacts in Oslo and 
then Vienna with innocuous and 
sometimes misleading information about 
petroleum operations in the North Sea and 
the China Sea 

Dr Belozerov ıs reported to have met 
“Jansen” on several occasions in Vienna, 
to have been incompetent ın making 
arrangements for meetings and to have 
been reluctant to pay for mformation 
provided until its authenticity had been 
checked He1s reported to have given a full 
account of his career as a member of the 
KGB and in the process to have revealed the 
identity of a Soviet agent ın Austria. His 
meeting with ‘‘Jansen’’ arranged for 
4 April outside the Volks Opera in Vienna 
is said to have been frustrated by the 
expulsion of another alleged Soviet agent 


from Norway 

In his letter of resignation to the 
mstitute, Dr Belozerov protests that the 
allegations ‘‘are without factual basis’’, 
but that there ıs no impartial forum in 
which he can demonstrate them to be false 
His letter says that he offered his resig- 
nation ‘‘in the interests of the institute”? 

The mstitute says that Dr Belozerov’s 
conduct of his post as secretary had been 
‘‘completely satisfactory’? but that ıt has 
no way of independently determining the 
truth of the allegations against him and 
therefore had no choice but to accept his 
resignation A spokesman said last week 
that in the present precarious financial 
circumstances, any member of the staff 
against whom allegations of this kind were 
made would be asked to leave 

One curious feature of the Belozerov 
affair, as reported, ıs that Soviet agents 
should have been willing to pay for inform- 
ation about oil technology in deep waters 


such as those of the North Sea when the 
institute itself had only recently published 
an up to date account of the field 

The Austrian government, an en- 
thusiastic benefactor of the institute, has 
reacted protectively The Minister of the 
Interior, Mr I Lanc, said last week that 
Belozerov had committed no offence 
under Austrian law and complained that 
‘certain countries’’ not having common 
frontiers with the Soviet Union had come 
to undervalue detente and to regard the 
Institute of Applied Systems Analysis as an 
expendable target 

The institute’s financial prospects are 
not nearly as bright as they may have 
seemed only a few months ago Although 
the member organizations of the institute 
are national academies, most of these are 
reimbursed by their governments for the 
cost of membership The Soviet Academy 
of Sciences and the United States National 
Academy of Sciences are the largest con- 


Schuster quits as EEC research director 


Brussels 

The reshuffle of top jobs at the Euro- 
pean Commission following the appoint- 
ment of commissioners and the allocation 
of their portfolios at the beginning of 1981 
has led toa flurry of resignations during the 
past two weeks, and rumours that some 
directorates-general are to be reorganized 
are gathering force 

Five directors-general are known to be 
leaving, among them Gunter Schuster, 
head of Research, Science and Education 
(DG XII) His resignation was handed ın 
amid speculation that he ıs dissatisfied with 
the way responsibility for DG XII has been 
split among three commissioners At the 
beginning of the year, infighting among the 
new 14-man Commission caused a messy 
distribution of the research portfolios 
Etienne Davignon (France) grabbed 
research and science, leaving Ivor Richards 
(United Kingdom) with education and 
training, and Karl-Heinz Naryes (West 
Germany) with industrial innovation 

Some members of the Commission claim 
that this arrangement 1s not as awkward as 
it might seem — decisions taken by the 
commissioners have in any case to be 
unanimous The real reason for Schuster’s 
departure may be that at 62 he would be 
due for retirement mid-way through the 
next four-year indirect action programme 
now being planned A new man would be 
able to see the plan to completion 

His departure leaves a vacuum hard to 
fill According to a close colleague, 
Herbert Allgeier, Schuster’s greatest 
personal achievement was to build up from 
scratch the European Community’s 
research policies from the shambles that 
followed the collapse of the Euratom pro- 
gramme at the end of the 1960s Pressure ıs 
now being brought to bear on Davignon to 


find a replacement as soon as possible, so 
that the new appointee can help draw up 
the new research policy guidelines 

Among the names being mooted 1s that 
of Fabrizio Caccia Domimion, at present 
looking after research, development and 
nuclear policy However,somebody may 
well be brought in from outside, although 
probably not another German or 
Briton Leonard Williams of the 





Schuster leaves the scene 


energy directorate-general ıs being 
replaced by Christopher Audlands In the 
best Byzantine traditions, the top jobs are 
distributed so that national pride and in- 
fluence are not diminished with each four 
year reshuffle 

Other changes are rumoured, but one 
decision, it seems, has definitely been 
taken The Environment and Consumer 
Protection Service (ECPS) 1s to be elevated 
to directorate-general status thanks partly 
to the patronage of the European 
Parlament The ghostly DG XI, which was 
left vacant after an earlier round of 
administrative musical chairs, will once 
more have an occupant Michel Carpentier 
will remain in charge as head of ECPS and 
will henceforth be officially addressed as 
director-general Jasper Becker 
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tributors at rather more than £1 million 
each a year 

In the United States, the National 
Academy’s annual contribution has since 
the mception of the institute been met by 
the National Science Foundation from its 
allocation of funds for international 
activities, cut in President Reagan’s first 
budget from $15 million to $10 million for 
the coming financial year After protests 
from the academy that the statutes of the 
institute require twelve months’ notice of 
withdrawal, the putative contribution for 
1982 has now been restored to the 
foundation’s budget, but on the strict 
understanding that this will be the last 
contribution to be sanctioned by the 
Administration 

In principle, there ıs no reason why the 
academy should not seek to raise its annual 
contribution from some other source than 
the United States government, but in 
present circumstances this will not be easy 
The 1982 budget for the institute will be 
agreed between the member institutions at 
two council meetings to be held ın June and 
November this year The United States 
academy will have to give notice of 
intended withdrawal at the end of this year 
if it 1s not by then assured of funds with 
which to pay its 1983 subscription 

It is x3romical that the institute, founded 
partly with the mtention of providing a 
place at which people from East and West 
could work on problems of international 
importance, should have run into trouble 
because of allegations of espionage 


US graduate employment 


Industry has jobs 


Washington 

Despite continued uncertainty in the US 
economy, business 1s booming for 
engineering graduates — and natural 
scientists are not far behind Figures just 
released by the College Placement Council 
of Bethlehem, Pennsylvania, reveal that 
engineers who expect to graduate this 
summer are already being offered starting 
salaries of up to $26,000, a 10 per cent 
increase over last July Graduates in 
physical and Earth sciences were being 
offered $22,000, an 18 per cent rise 
compared with last year 

This rapacious demand for technical 
graduates has been confirmed by a report 
from a New York consulting firm, 
Deutsch, Shea and Evans, which claims 
that there has been a sharp up-swing in 
employment prospects for graduate 
engineers since last November And the 
figures are in marked contrast with starting 
salaries for arts graduates, which average 
about $12,000, with many failing to find 
any jobs at all 

The shortage of engimeers is partly a 
reflection of declining enrolments in 
university engineering schools For 
example, 2,75] engineering doctoral 
degrees were awarded in 1980, compared 
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with 3,074 ın 1972, although this also 
reflects the fact that fewer engineers are 
staying on to do graduate work, the 1980 
figures include more than 60 per cent 
foreign students, many of whom were not 
expected to stay in the United States 

Recruitment difficulties have also 
produced near-crisis in the engimeering 
schools, few of which can afford to match 
salaries in industry According to Wiliam 
A Cox, president of the National Society of 
Professional Engineers, there are now 
1,800 unfilled faculty positions in 
engineering schools — a situation which 
has led the society to add its voice to those 
asking Congress for federal assistance to 
upgrade facilities and research equipment 
to make the educational environment more 
attractive 

There 1s also a feeling that the turn- 
around in demand for technical graduates 
reflects greater optimism in the economy 
than six months ago ‘“‘In general, the 
market ın technical areas ıs the best that ıt 
has been for years’’, says Victor Lindquist, 
director of the placement office at 
Northwestern University which carries out 
regular surveys of employment prospects 
He claims, for example, that metal 
companies such as mining and steel, sectors 
which are hkely to benefit directly from a 
significant increase in military spending, 
seem to be stockpiling talent in anticipation 
of a quick recovery in the economy 

The Coliege Placement Council survey 
revealed that, as in the past, engineers 
represent the hottest buy in the 
employment market More than 63 per cent 
of the job offers reported in the survey as 
having been received by mid-March were to 
future engineering graduates, although 
these only made up 7 per cent of the 
bachelor degree graduates ın 1980-81 

In proportional numbers of offers, the 
scientific disciplines were dominated by 
computer science graduates, another field 
where demand 1s considerably in excess of 
supply, a point which has been made 
recently by the National Science 
Foundation However, the average starting 
salary offered to such graduates of $19,968 
was considerably lower than the $21,912 
offered to graduates in physical sciences 

Among masters level graduates, the 
highest offers went to chemical engineering 
graduates, with an average starting salary 
of $26,240 — almost 13 per cent higher 
than the figures last July Geology and 
related geological sciences, in strong 
demand ın the petrochemical and mining 
industries, ranked second with an average 
salary of $25,380 AIl these figures are 
based on offers reported by placement 
offices at 161 US colleges and universities 

Figures released last week by the 
National Science Foundation reveal that 
there is an increasing tendency for graduate 
scientists, engineers and technicians to 
enter service rather than manufacturing 
industries These industries accounted for 
60 per cent of the total growth of employ- 
ment for graduates ın the three categories 
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between 1978 and 1980, even though only 
accounting for 40 per cent of the total 
employment 

Total science and engineering 
employment in private industry was 
virtually unchanged between 1970 and 
1980, but this trend may be reversed, 
however, 1f the current patterns of 
employment for this year’s graduates 1s 
maintained David Dickson 


Soviet space programme 


No shuttle yet? 


The high cost of space research 1s 
troubling Soviet planners as well as their 
counterparts ın the space agencies of 
Europe and the United States At a 
ceremony on 10 April commemorating the 
twentieth anniversary of Yuru Gagarin’s 
first manned space flight, the president of 
the Soviet Academy of Sciences, Dr 
Anatol P Aleksandrov, spoke ın alow key 
for such an occasion 

Aleksandrov’s speech was little more 
than a justification of expenditure so far, 
and a defence of the proposition that the 
more that 1s spent on space, the greater the 
eventual benefit This is not the first mdi- 
cation that Soviet space research may be 
running into financial difficulties Earher 
this year, the Soviet side had to make it 
clear to their French partners that if the two 
countries were to carry out a jomt mission 
to Halley’s comet, spending on their Venus 
mission of 1986 would have to be halved 

To demonstrate the priority being given 
to cost-effectiveness, Aleksandrov 
explained that three and a half years ago 
the cosmonauts aboard Salyut-4 were 
working on behalf of only 40 scientific and 
industrial bodies, whereas in the latest 
mission, Vladimir Kovalenko and Viktor 
Savinykh on Salyut-6 were providing data 
for some 400 organizations 

Naturally Aleksandrov did not discuss 
any mulitary aspects of the Soviet space 
programme, although he did add to the 
abuse of the US space shuttle as a military 
vehicle The press in the Soviet Union suggest 
that the US shuttle is primarily for 
launching laser weapons into space 

Soviet intentions on reusable launching 
systems remain unclear, however 
Aleksandrov did not discuss any such 
plans, but Soviet cosmonaut Vitalu 
Sevastyanov stated in the Slovak daly 
Pravda that the Soviets were considering 
the construction of a shuttle He claimed, 
though, that the present conventional 
methods used ın Soviet space launches were 
more convenient than a shuttle for their 
programme based on large orbital stations 
designed for ‘‘peaceful purposes’’ and 
‘‘suitable for a longer stay in orbit of scores 
of specialists” 

There ıs speculation in the West, 
however, that at least-one experimental 
Soviet shuttle has been launched — 
number 929 ın the ‘‘Kosmos’’ unmanned 
satellite series Vera Rich 
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Anglo-German project 


Aurora held up 


Red tape has already delayed the British 
half of an Anglo-German programme of 
auroral investigations for several months 
Last week, one of the obstacles — agree- 
ment on the wording of a lease for land ata 
site in the north of Scotland — was sur- 
mounted But a further six months delay 1s 
now likely, pending the installation of an 
electricity supply to the site 

The joint programme, known as 
SABRE, ıs for radar backscatter observa- 
tions of the aurora from two sites — near 
Wick in Scotland and at Uppsala in 
Sweden The two collaborating groups are 
led by Professor Tudor Jones at the 
University of Leicester and Professor I 
Axford at the Max Planck Institut fur 
Aeronomie, Lindau The British Science 
Research Council and the Max Planck 
Institut are supporting the experiments to 
the tune of about £200,000 each 

The programme is designed to com- 
plement a similar twin auroral radar, called 
STARE, operated from two sites in 
northern Scandinavia by the Lindau 
group Observations from the Swedish site 
began last January, but delays in preparing 
the Scottish site have meant that spatially 
and temporally resolved observations have 
not yet been possible 

The Scottish site 1s one of four sites 
originally owned by the Ministry of 
Defence but now controlled by the 
Property Services Agency which deals with 
matters relating to pubhc land Most of the 
hold-up seems attributable to delays in 
reaching agreement on improving 
accommodation and connecting an 
electricity supply The agency, which plans 
to sell the other three sites, has been 
concerned that the electricity supplies of 
each should be independent At present, 
the supply to the site which the University 
of Leicester wants to lease 1s routed via a 
transformer situated elsewhere Four 
options for installing a new supply, 
presented by the North of Scotland 
Hydroelectric Board, have been turned 
down as too costly 

Some blame the delays on the snail’s 
pace at which the Property Services Agency 
works After 18 months of turning the 
bureaucratic handle, an acceptable draft 
lease finally arrived at the University of 
Leicester only last week But the problem 
of installing a new electricity supply 
remains A mains cable supplying the site 
was apparently damaged a few years ago 
when a new road was built Repairs involve 
laying new cables The North of Scotland 
Hydroelectric Board estimates that the job 
could take six months and cost about 
£5,000 The agency has now handed over 
responsibility to the university 

If work cannot be speeded up, a 
temporary generator will have to be 
installed 1f expermmentstare to begin before 
winter Judy Redfearn 
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US nuclear power 


Cost disputed 


Washington 

Efforts to meet the safety problems 
created by nuclear power have already 
made nuclear energy considerably more 
expensive than electricity from modern 
coal-fired plants, even with the 
sophisticated anti-pollution equipment 
needed ın coal-fired stations And the gap 
is likely to increase at least until the end of 
the decade according to a report published 
in New York last week by an independent 
energy economist, Charles Komanoff 

The nuclear industry has reacted scepti- 
cally to Komanoff’s prediction, claiming 
that he underestumates the productivity of 
nuclear power, and overestimates the pro- 
ductivity of coal generation The Atomic 
Industry Forum, chief spokesman for the 
nuclear industry, issued a statement saying 
that the conclusions clash with those 
of other economists, and that ‘‘to predict 
cost trends for coal and nuclear in a period 
of fuel-price volatility and still-uncontrolled 
inflation seems highly dubious ”’ 

However, Komanoff, who last year gave 
evidence on nuclear power costs to the UK 
House of Commons Select Committee on 
Energy, ıs standing by his figures He 
points out that similar scepticism greeted a 
prediction he made five years ago that the 
nuclear industry would be operating at 
only 55 per cent of capacity through to the 
end of the 1970s, a figure which has turned 
out close to the truth 

He also claims that the argument about 
coal being cheaper than nuclear power 
appears to be supported by figures 
published by the Atomic Industry Forum 
itself In a report issued two months ago, 
the industry group estimated that 
electricity from the three nuclear plants 
which started operation ın 1978 cost 2 5 
cents per kilowatt hour to produce, 
compared with 2 0 cents for coal and 5 7 
cents for oil 

Komanoff maintains that the more 
nuclear power has expanded, the more 
generic problems ıt has revealed, and the 
greater the effort required to prevent the 
number of nuclear incidents from increas- 
ing at the same rate He says this 1s sub- 
stantiated by the steady increase in the 
number of warnings of potential generic 
problems by the Nuclear Regulatory 
Commission during the past decade 

Komanoff bases his future projections 
on the cost of obtaining electricity from 
coal-fired plants by assuming that ın- 
creasingly stringent controls will require 
the use of scrubbers to remove sulphur 
dioxide —- devices that can consume up to 
25 per cent of the capital costs of a new 
plant — and that the cost of coal will in- 
crease at arate about 2 per cent more than 
the inflation rate On this basis a coal plant 
will increase in capital cost from $583 to 
$794 per kilowatt hour of generating 
capacity in ‘‘constant’’ dollars In 


contrast, extrapolating on past trends in 
the rising costs of nuclear power plants due 
to the need to include increasingly stringent 
safety precautions, Komanoff predicts that 
the cost will nse from $887 to $1,374 per 
kilowatt hour of capacity 

The Atomic Industry Forum 1s looking 
closely at Komanoff’s figures Its own 
analysis, based on power plants coming 
into operation between 1970 and 1978, 1s 
that ‘‘nuclear electricity ın 1979 continued 
to show a modest advantage ın total gener- 
ating cost compared with neighbouring 
coal units”, and that nuclear power also 
compared favourably with coal ın capacity 
factor At the same time, the industry 
group admits that regulatory delays and 
public intervention 1n licensing procedures 
“run up nuclear costs significantly’’, it 
claims that there are approximately one 
dozen nuclear plants currently snarled up 
in bureaucratic delays which will cost US 
consumers as much as $3,000 milion in 
higher utility bills 

Whichever analysis of the relative costs 
of nuclear and coal ıs correct, however, 
both sides agree that immediate prospects 
for the US nuclear industry are bleak Only 
13 new nuclear-power plants have been 
ordered in the United States since 1975, 
and plans for 50 plants have been cancelled 
— many because of decreasing predictions 
of future energy needs 

On top of this, no new plants have been 
ordered in the past two years The nuclear 
industry 1s hoping that President Reagan 
will make good his election promises of 
increased support, and 1s already providing 
him with suggestions as to how this might 
be achteved, from revamping some of the 
safety regulations which Komanoff claims 
to be at the root of the cost escalation, to 
proposals for federal financial aid for 
nuclear-plant construction 

Overhauling the regulatory apparatus, 
however, will not be easy Only one of the 
five seats on the Nuclear Regulatory 
Commission 1s vacant, and two of the 
existing commussioners have been harsh 
critics of some of the industry’s demands 
In addition, Mr Reagan’s rumoured choice 
for the chairmanship of the commission, 
former head of naval operations Admiral 
James L Holloway, is reported to have 
turned down the offer, and with no clear 
indication of the direction in which itt 1s 
meant to be moving, the commission 1s 
running at half speed David Dickson 


Anti-viral drugs 


Herpes on trial 


Volunteers, 50 male and 50 female, with 
genital herpes simplex infections are being 
sought by the Infectious Diseases Unit at 
the University of Texas Health Science 
Center at Dallas to take part in clinical 
tnals of the promising antiviral drug 
acyclovir (acycloguanosine) Theres as yet 
no effective treatment for genital herpes, 
which 1s sexually transmitted and now 
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considered to be of epidemic proportions 
in the United States, where 300,000 new 
cases are reported each year Each new 
patient becomes a carrier for life Acyclovir 
has generated great enthusiasm at 
Burroughs Wellcome, its developers, as a 
real advance in treating the disease One 


. worry, though, is that viruses may acquire 


resistance 

Herpes simplex virus (HSV) can infect 
any part of the skin or mucous membrane 
HSV Type 1 cause the familiar ‘*cold sore”? 
blisters on the hp Genital herpes, caused 
by HSV Type 2, 1s a more severe condition 
and causes painful blisters in the genital 
area In the Dallas trial the drug will be 
applied as an ointment over skin areas 
where patients feel a tingling, burning or 
itching sensation (a ‘‘prodrome’’) 
suggesting that a blister 1s about to develop 
Acyclovir will be compared with placebo 
cream containing no active agent If the 
drug succeeds ın reducing the period of 
recurrences to one or two days, it should 
not only reduce the period of pain for the 
patient, but also reduce the capacity for 
passing on the disease to others 

Because viruses are parasites of the 
normal systems of the cell they infect, 
antiviral drugs tend also to act against the 
host cell There are few points at which the 
life processes of the virus can be properly 
differentiated from those of the host, but 
acyclovir acts specifically against 
herpesvirus through one such reaction 
(Nature 272, 583, 1978) It 1s 
phosphorylated by the herpes-specified 
enzyme thymidine kinase, so that the active 
triphosphate derivative ıs present in much 
greater quantities m infected than in 
uninfected cells In a sense, the virus 
thereby invites ıts own destruction It 
remains to be seen whether acyclovir will 
prove active against even the dormant form 
of the virus Herpes infection 1s 
characterized by the way in which all 
outward evidence of the infection can 
disappear, but the virus persists undetected 
in certain nerve cells 

Acyclovir ıs being used as an ointment in 
the Dallas study, but later tests will include 
systemic (for example intravenous) 
injections which could increase the range 
of infections against which the drug can be 
used Already acyclovir has proved active 
as an eye ointment against herpes simplex 
corneal ulcers, and less conclusively against 
viral pneumonia 

The US National Institutes of Health are 
to fund trials of intravenous acyclovir in 
newborn babies with neonatal herpes, in 
comparison with adenosine arabinoside 
(vidarabine), and in cases of herpes 
encephalitis, in comparison with the 
adenoside of adenosine monophosphate 
Neonatal herpes is a herpes simplex 
infection contracted from the infected 
mother during pasage through the birth 
canal — 1f the virus reaches the brain ıt can 
cause death Herpes encephalitis is caused 
by reactivation of the virus ın the brain 

Charles Wenz 


- 


European Earth sciences 


Unity prevails 


Strasbourg 

Europe’s Earth scientists may yet unite 
A meeting on 13-16 April at the assembly 
of the Council of Europe saw the first 
public appearance of the European Union 
of Geosciences (EUG) At present, EUG 
consists of a founding committee and has 
the official status of a working party of the 
Parliamentary Assembly of the Council of 
Europe Its am ıs to provide an organı- 
zation which encourages the exchange of 
ideas and information across the more 
traditional subject barriers that separate 
geologists from the geochemusts, geo- 
physicists and oceanographers To that 
end, membership 1s open to any geo- 
scientist, but officials of EUG are to be 
nationals of the member countries of the 
Council of Europe 

At present, EUG ıs run by a founding 
committee under Professor C J Allegre of 
the University of Paris, and its formal 
statutes are to remain provisional until 
approved at a future meeting EUG intends 
to hold a regular meeting in the spring in 
Strasbourg every other year, its inter- 
disciplinary scope 1s to be complemented 
by more specific topical conferences to be 
held between the more general meetings 
The concept and format of EUG owe a lot 
to the success of the American Geophysical 
Union and its big annual spring and fall 
meetings, which have almost become a 
must for many European researchers 
However, the scope 1s to be wider insofar as 
it is to encompass all Earth scientists, not 
only those in the geophysical community 
In this way, ıt hopes to avoid rivalries and 
misunderstandings with the European 
Geophysical Society, which caters for the 
same scientific community as the American 
Geophysical Union 

Although the European Science 
Foundation (ESF) did not play a major 
part in the organization of the Strasbourg 
meeting, 1t appears that ESF ıs prepared to 
help set up and support a small permanent 
office for EUG ın Strasbourg Is this the 
beginning of ESF taking a a more active 
interest in the Earth sciences, an area 
hitherto neglected by its working parties? 

The European Parliament building was 
made available by the Council of Eruope 
for this first EUG meeting Although 
organized at relatively short notice, it 
nevertheless managed to attract more than 
600 participants and enough presentations 
to run a full four-day programme grouped 
in 16 different sessions 

The abstracts from the first meeting 
appeared as the first issue of an ambitious 
new publication called Terra Cognita 
EUG hopes to develop this into a quarterly 
journal which should serve as a forum for 
scientific information on research projects 
and activities as well as to promote the 
discussion and exchange of ideas within the 
Earthsciencescommunity Konrad Guettler 





‘Out on a limb 


Brussels 

Dutch Socialist Member of the 
European Parlament, Anme Krouwell- 
Vlam, 1s trying to whip up support for a 
European Community directive on 
common rules for organ transplants She 
is surprised that there are no rules 
regulating relations between organ banks 
and facilitating access for would-be 
recipients of new parts Such measures 
would implant a greater awareness of the 
benefits of the European Community in 
the breasts of its citizens, she asserted 

Her suggestion has been passed to the 
Community’s organ banks and the 
European Commission So international 
banking could soon take on a new 
meaning Jasper Becker 





Interferon business 


Trials ahead 


Rotterdam 

That interferon 1s big business can only 
have escaped the notice of those totally 
occupied for the past two years in 
preventing the pollution of space by small 
plastic tiles That ıt continues to be big 
business was evident from the number of 
compamies represented last week (19-24 
April) at the interferon meeting organized 
by TNO, the Netherlands organization for 
applied scientific research 

Half of the British participants were 
from Beechams, Celltech, Fisons, ICI, 
G D Searle and Wellcome, with about the 
same proportion of commercial people 
among the West Germans The large 
United States contingent included repre- 
sentatives of Cetus, Du Pont, Enzo 
Biochem, Electro Nucleonics, Genentech, 
Hoffman LaRoche, Hydron, Meloy, 
Sepetex, Schering and Shell Not a slide 
went unphotographed nor a talk 
unrecorded by one or more commercially 
interested party 

Many of these companies already had a 
declared interest ın interferon but some 
were new to the game ICI let ıt be known 
that it has cloned an interferon gene from 
lymphoblastoid cells ın collaboration with 
Dr E de Maeyer’s group at the Institut 
Curie in Orsay ICI says that this 1s just an 
exercise in cloning, but with the setback in 
the fortunes of the company earher in the 
year (Nature 12 March), there must be 
thoughts of trying to cash ın on clones 

There 1s little doubt that the demand for 
highly purified interferon 1s growing, but 
the growth can be fitful Wellcome, for 
example, recently claimed that supply had 
outstripped demand for its alpha- 
interferon (from white blood cells) That 
situation could easily be reversed if the 
current clinicial trials of Wellcome’s nter- 
feron show promise The interim results, 
reported in Rotterdam, of several relatively 
large trials of a variety of different alpha- 
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interferons suggest that ıt has a tantalizing 
degree of activity against a broad spectrum 
of viral diseases and tumours. But activity 1s 
not enough, or consistent enough, m most 
diseases to give a final verdict without more 
trials Also, as genetically-manipulated 
bacteria start to yield sufficient amounts of 
the ten or so subtypes of alpha-interferon, the 
permutations of subtypes and diseases 
becomes huge 

Meanwhile, large-scale trials of beta- 
interferon (from fibroblasts) lag slightly 
behind The largest has yet to start 
Financed and organized by the National 
Institutes of Health (NIH), the trial will use 
50,000 million units of beta-mterferon, 
enough for several hundred patients The 
interferon ıs being supphed by Flow 
Laboratories Inc, which won the $2 
mullion contract a year ago First deliveries 
were due a few weeks ago, but NIH appear 
to be in no hurry This 1s lucky for Flow 
Laboratories, whose own production has 
not been going smoothly Fortunately, 
they have a subcontract with the West 
Germany company of Dr Rentschler 
Arzneimittel GmbH which has continued 
to amass beta-interferon made by its own, 
less advanced, techniques 

The next big contract, also for NIH, will 
be for gamma-interferon (from cells of the 
immune system) Far less 1s known, at least 
publicly, about this type of interferon, but 
Biogen and Genentech are rumoured to be 
on the verge of cloning the relevant genes 

Other commercial interests centre on 
monoclonal antibodies against the inter- 
ferons Several new monoclonals against 
either alpha or beta-interferons were 
announced in Rotterdam, but only the 
original monoclonal (see Nature 285, 446, 
1980) is as yet commercially available The 
sellers are the British company Celltech 
Limited, so far its only product It will be 
surprising 1f the Celltech catalogue does 
not double soon Peter Newmark 


Dioxin hazards 
Secrecy at Coalite 


Secrecy about the medical consequences to 
workers exposed to dioxin continues at the 
British company Coalite and Chemical 
Products Limited Documents now to hand 
show that Coalite will not agree to the further 
medical investigation of workpeople 1f the 
physicians concerned insist that the results are 
eventually pubhshed 

Coalite’s shyness 1s not unprecedented 
Last year, the company withheld information 
on an epidemiological survey of workers 
exposed to dioxin (2,3,7,8- 
tetrachlorodibenzodioxin) at its Bolsover 
(Derbyshire) plant in 1968-71 (see Nature, 6 
March 1980) The exposure followed an 
explosion in a vessel used for the manufacture 
of 2,4,5-trichlorophenol and the workers 
affected by dioxin developed the skin disease 
chloracne 

The fresh trouble which has arisen at 
Coalite results from the need for more 


detailed investigations of individual 
workers to make up for the deficiencies of 
the epidemiological survey of 1977-78 
That involved only 41 of the 90 workers 
known to have been exposed, but revealed 
(almost a decade after the event) some 
abnormalities of blood chemistry and 
immune function — but none of the 
expected chromosomal abnormalities in 
circulating lymphocytes 

The news that Coalite was unwilling to 
disclose information about this survey 
served to alert the statutory Employment 
Medical Advisory Service of the Health 
and Safety Executive to the existence of 
such data, which was disclosed on a 
confidential basis after three weeks The 
service has also persuaded Coalite that its 
medical adviser, Dr George May, should 
publish some of the results 

The employment service has in the mean- 
tume been uncomplimentary about the 
survey which, it says, is deficient in its 
failure to follow up past employees and in 
the inadequate matching of the control 
populations The survey covered 41 
workers known to have been exposed to 
dioxin, 54 who might have been exposed 
and 31 intended as a control group but 
drawn for convenience from senior office, 
laboratory and works staff, most of whom 
were being investigated for blood lipids at 
the time 

The 1977-78 survey showed blood-lipid 
disorders, with elevated concentrations of 
serum cholesterol and triglycerides, and 
depressed levels of high-density lipo- 
protein The enzyme y-glutamyl 
transpeptidase, diagnostic of liver func- 
tion, was abnormally high in the exposed 
group On the other hand, levels of two 
immunoglobulins (IgD and IgM) were 
depressed ın the exposed group, suggesting 
impairment of immune as well as liver 
function 

The significance of these findings 1s far 
from clear, with the consensus among 
physicians in the field that further 
investigations are needed They argue that 
the persistence of the phenomena un- 
covered by the earlier study should be 
confirmed — but also that further surveys 
should be more carefully controlled 

Dr George May, Coalite’s company 
doctor, confirms that those workers 
included in the original survey have since 
been offered a second medical examuina- 
tion, but that ‘‘not everybody availed 
themselves of the opportunity’ In the 
event, 29 of the original sample of 41 
workers were re-examined, but measure- 
ments of immunoglobulin were not made 

There are no plans, however, for further 
investigations of the Coalite workers, 
according to Dr George Sorne, deputy 
director of the Employment Medical 
Advisory Service, who says that his service 
has not been presented with any ‘‘realistic 
and useful’’ proposals for a long-term 
assessment of the health of the Coalite 
workers The reassessment of the state of 
health of dioxin-exposed workers at 


Dioxin a sarcoma risk 

Reassessing clinical data 1s not the only 
reason for monitoring the health of 
workers exposed to dioxin. Recent letters 
in The Lancet(P A HonchorandW E 
Halperin, i, 268, 31 January 1980, and R 
R Cook, 1, 618, 14 March 1980) highlight 
another reason 

The authors of the letters point out that 
in four industry-sponsored mortality 
studies of dioxin-exposed workers ın the 
United States, 105 deaths were recorded 
In four of these cases, death was caused 
by soft tissue sarcomas These are rare 
forms of cancer and for most the 
aetiologies are unknown 

Soft tissue sarcomas have also been 
identified ın another cohort of workers 
considered to have been exposed to 
dioxin According to two Swedish 
epidemiologists, Dr Lennart Hardell and 
Anita Sandstrom of the Centre of 
Oncology at the University of Umea, 
exposure to the dioxin contaminated 
herbicide 2,4,5-T (2,4,5-trichloro- 
phenoxyacetic acid) or chlorinated 
phenols 6 to 20 years previously could be 
responsible for the sixfold greater 
incidence of soft tissue sarcomas 
recorded in a survey of Swedish forestry 
workers (British Journal of Cancer 39, 
711, 1979) Alastair Hay 


Coalite is thus far from complete One 
clinician describes the re-examination of 
the 29 workers as a ‘‘totally useless piece of 
work” which cannot be expected to yield 
any meaningful results 

Coalite’s managing director, Mr Charles 
Needham, has been approached by several 
clinicians prepared to carry out further 
investigations Coalite’s reluctance to 
agree to publication of the results from any 
future comprehensive medical screen of its 
workers has, however, forced at least one 
clinician to abandon his proposal 

Mr Needham, described by his secretary 
as solely responsible for press relations, has 
not been available for comment One 
consequence of criticisms of the 1977-78 
survey, and of Coalite’s continued 
insistence on secrecy, 1s that the financial 
sponsor of the survey (an independent non- 
governmental source) will be unwilling to 
provide further support 

As the law stands, Coalite may have the 
last word Hitherto, the company has been 
able to exploit an ambiguity in the 1974 
Health and Safety at Work Act when 
deciding whether or not to release medical 
information on its workforce (see Nature 6 
March 1980, p 2) The routine powers of 
the Health and Safety Executive to demand 
medical records of workers likely to have 
been affected by a product lapse when 
manufacture stops Although Section 27 of 
the act allows the executive to disclose 
whatever information it requires (see 
Nature 1 May 1980, p 4), epidemiologists 
at the executive consider that a test case 1s 
required to clarify the law Alastair Hay 
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Majority verdict 
Sir — In a recent communication to Nature 
G G Simpson writes about a small group of 
cladists at the American Museum of Natural 
History that 1s not representative of the staff 
as a whole (Nature 26 March, p 286) In his 
view a majority of the staff rejects cladistic or 
Hennigian procedures There are 32 
professional zoological systematists on the 
staff here, not including emeriti or honorary 
staff appointments, and 26 of these use 
cladistic methods ın their systematic work The 
small, unrepresentative group referred to by 
Simpson therefore amounts to 81 per cent of 
the relevant staff On the recommendation of 
three scientific departments, the Council of the 
Scientific Staff, and the Awards Committee, 
the trustees of the museum in 1975 gave Willi 
Hennig 1ts Gold Medal for distinguished 
contributions to science 

JW Atz,C J Coie, N ELDREDGE, 

W K Emerson, ES GAFFNEY, 

BN Hauc, L H Herman, E KIRSTEUER, 

MC McKenna, J G Maisey, C W Myers, 

G Netson, NI PLATNICK, FH RINDGE, 

DE Rosen, J G Rozen, R T SCHUH, 

C L SMITH, I TATTERSALL, R H TEDFORD, 

R WYGODZINSKY AND, R G ZWEIFEL 
The American Museum of Natural History, 
New York, USA 


“I was there’’ 


Sir — Your account (Nature April 9, p 435) of 
a lecture I delivered ‘‘at the Rockefeller 
University in New York last week” raises in 
me the strong suspicion that your reporter did 
not hear what I said This impression 1s 
strengthened by the fact that the lecture he 
reports was actually given in the Cornell 
University Medical Center J L Gowans 
Medical Research Council, 

London W1, UK 


Dr Gowans’ suspicion is unfounded Our 
reporter indeed heard what was said and 
reported accurately that part of Dr Gowans’ 
talk concerned with the applicability of the 
Rothchild principle to the financing of medical 
research in Britan The Corneil University 
Medical Center is on the other side of York 
Avenue in Manhattan from the Rockefeller 
University, which had advertised the meeting 
at which Dr Gowans spoke The two 
institutions run many joint seminar 
programmes, but are of course 
organisationally distinct — Editor, Nature 


Evolution’s Waterloo 


Sirk — While no sensible person could disagree 
with your position on the “‘theory of 
evolution” (Nature, 12 March, p 75) I think 
your arguments are unnecessarily weakened by 
the sloppy use of words in multiple meanings, 
enabling your opponents to confuse the issue 

The phrase ‘‘theory of evolution” for 
example, 1s used ın at least two quite different 
meanings At one time ıt means ‘‘a record of 
events in the history of the Earth”, at another 
it means ‘‘an explanation of the underlying 
causes of these events” 

The term ‘‘metaphysical theory” 1s another 
example of this abuse Popper not- 
withstanding, a metaphysical theory, sensu 
stricto, 1s a theory which cannot be verified (or 
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falsified) either now, or ever or anywhere, say 
the proposition ‘‘God exists”, The record of 
historical events, say the proposition 
“Napoleon last the battle of Waterloo” 1s not 
a metaphysical theory Although the event 
cannot be rerun, it certainly can be verified in 
many different ways Therefore the ‘theory of 
evolution” ın its first meaning cannot be 
called metaphysical, technically or otherwise 
An explanation of why Napoleon lost the 
battle of Waterloo, on the other hand, may or 
may not be metaphysical, according to 
whether it 1s based on verifiable facts or not 
An explanation based on the intervention of 
an army of angels could be called 
metaphysical, one based on the superiority of 
the British arid Prussian rifles may or may not 
be true, but 1: certainly is not metaphysical 
The same reasoning holds for the ‘‘theory of 
evolution” in its second meaning 


Administration de I’ Industrie, 
Brussels, Belzium 


S V VAECK 


Sır — As an American ‘‘cladist’’ and 
evolutionist concerned with the health of both 
disciplines and the public reaction to them, I 
feel that some discussion of the issues raised in 
Nature is warranted 

The issue of creation versus evolution entails 
two points, neither of which was mentioned in 
sufficient detail for the public readers of 
Nature properly to understand First, the real 
controversy 1s over whether or not the 
phemonenon of evolution occurs It does not 
concern whether Darwin or anyone else was 
correct about the mechanisms behind the 
phenomenon To imply that a refutation of 
Darwinism or neo-Darwinism constitutes a 
refutation of evolution 1s like implying that a 
refutation of Newtonism is a refutation of 
gravitational attraction Both conclusions 
would be misconceived Second, the issue of 
creationism versus evolution certainly does not 
rest on whe.her Karl Popper’s particular 
philosophy of science renders both creationist 
myths and Darwinian conjectures 
“‘untestable.’’ There is a higher principle to 
resolve this issue 

Science is a discipline of open-minded 
inquiry which seeks to provide explanations 
about the world without invoking the 
supernatural Creationism as practised by 
fundamentalist Christians 1s a close-minded 
doctrine bunlt around an ultimate source of 
truth, the Bible Creationism 1s dedicated to 
the proposition that the only explanations 
about ‘‘origins’’ are the supernatural 
explanations set forth in their ultimate source 
of truth Tnus “‘scientific’’ creationism, by 
any standard of rational scientific philosophy, 
18 not science nor can ıt ever be science Karl 
Popper ıs quite aware of this and has said so in 
Conjectures and Refutations 

Another issue concerns what ts being called 
*‘cladistics ’ Scientists who fall under this 
label have diverse views about the proper 
relationship between ‘‘cladistics’’ and 
evolution As one ‘out-and-out cladist’’ I 
cannot imagine something less interesting than 
a branching diagram (cladogram) without an 
evolutionary interpretation Indeed, I cannot 
Imagine beginning a study of biogeography 
without such an interpretation I will even 
claim that an assumption of descent with 
modification 1s necessary to do such analyses 
I base my claim on two points 

First, I have never seen a natural hierarchy 


that was not due to historical descent in the 
larger sense of the phrase This includes 
natural hierarchies in both the organic and 
inorganic worlds Examples of natural 
hierarchies ın the organic world are, of course, 
phylogenies of both organisms and languages, 
and the hierarchy of ontogeny of individual 
multicellular organisms The only example of 
a natural hierarchy in the inorganic world that 
I know of 1s the hierarchy that continents 
display through descent from common 
‘ancestral’? continents We observe the 
unfolding of ontogeny, we have detailed 
histories for the evolution of languages, we 
have a very good mechanism for the drifting 
of continents Are we to think that the only 
other example of a natural hierarchy, the 
branching relationships between species, 1S 
different in kind from the other three? 

Second, the only alternative to the 
evolutionary interpretation 1s the assumption 
of a logical creator who made each species (or 
group of species, or language, or continent) to 
look as 1f ıt evolved As I wish to practise 
science rather than theological metaphysics, | 
make the assumption of evolution If I wished 
to practise theological metaphysics, I would 
certainly not conceive of a logical creator who 
was, at the same time, tricky enough to make 
things look as if they evolved when they did 
not I make the assumption of evolution 
without letting my hypotheses of evolutionary 
relationships (cladograms to my mind) be 
dictated by particular theories such as neo- 
Darwinism If I let neo-Darwinism dictate a 
prtort what relationships were possible then I 
would be no better than the fundamentalists 
who let the Bible dictate to them what 1s 
possible E O Wicey 
Museum of Natural History 

and Department of Systematics & Ecology, 
University of Kansas, USA 


No to sociobiology 


Sir — The recent controversy on genes and 
racialism (Nature 22 January, 12, 19, 26 
February) may have some relevance to caste 
system in India, since ıt has now assumed a 
great political significance and 1s creating 
social tensions Although castes are manmade 
(all Hindus are born unequal!), and the system 
is nowhere near as old as the human race, yet 
attempts are often made to establish a 
biological basis of castism in line with the 
insect societies Wilson (in Sociobiology) has 
refuted any genetical basis for caste system, 
yet willy-nilly, theoretical biology has become 
a convement and manipulative tool to disdain 
or support such social practices 

The problem will become more complex and 
acute if attempts are continued to biologize 
every social attribute, be it racialism, castism 
or nazism Biologization may be well- 
intentioned, and it may well prove that some 
of our beliefs are wrong and unscientific, yet 
by this process it may generate unnecessary, 
avoidable controversies and social conflicts 
Surely, without biologizing, one can 
distinguish between races and racialism and 
between castes and castism One may dispute 
or not give a damn 1f the human race is united 
or divided, but one can surely condemn 
racialism or casfism without looking for 
biological evidence or defending the theory of 
kin selection Let us keep sociology and 
biology apart B BANERJEE 
Tea Research Association, Assam, India 
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NEWS AND VIEWS 


Springcleaning ribosomal DNA: 
a model for multigene evolution? 


from Gabriel Dover and Enrico Coen 


THE nuclear DNA of higher organisms 1s 
subject to such a diversity of sequence 
rearrangements that one might wonder 
how developmental or evolutionary 
stability 1s mamtained The variety of 
rearrangements, no doubt arising as errors 
in the regular processes of DNA replication 
and recombination, gives rise to seemingly 
randomly distributed families of multiple- 
copy sequences A major unresolved 
question concerns the biological and 
evolutionary consequences of these 
mutational processes One particular 
family of sequences that might provide the 
first insights into the rates at which 
different mutational mechanisms progress 
and of their possible phenotypic effects 1s 
composed of tandem head-to-tail arrays of 
ribosomal RNA genes (rDNA) From the 
data reported in this issue of Nature, p 749, 
by H Roya, J R Miller, L C Woods and 
DM Glover, and elsewhere?~> ıt 1s now 
possible to observe in one family of 
repetitive sequences most, if not all, the 
phenomena usually depicted separately in 
different families 

The 185, 5 8S and 28S RNA moieties of 
eukaryote ribosomes are co-transcribed 
from a unit of contiguous genes separated 
by internal and external transcribed 
spacers (ITS and ETS 1n the figure) Units 
are separated by non-transcribed spacers 
(NTS), in arrays that are located at the 
nucleolar organizers (NO) An exhaustive 
yariorum account of the organization of 
rDNA and other multiple gene families has 
recently been compiled by Long and 
David 

Since the pioneering studies of D D 
Brown, P K Wellauer, R H Reeder and I 
Dawid into rDNA variation in species of 
Xenopus, ıt has become apparent that this 
family of repeats has been subjected to a 
new type of evolutionary force termed 
horizontal”? or concerted? evolution This 
term 1s used to describe extensive sequence 
homology of NT spacers within a species 


Gabriel Dover and Enrico Coen are in the 
Department of Genetics, University of 
Cambridge 
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A. repeating unit of genes and spacers of rDNA ın D melanogaster 


even though there 1s very little homology 
between spacers of related species The 
mechanism responsible for concerted 
evolution of copies of a sequence within 
and between individuals should take into 
account the striking interspecific 
homology of the genes with which the 
spacers are regularly interspersed — for 
example’, there 1s 93 per cent homology 
within 200 base pairs of the 28S gene of an 
insect}, an amphibian? and a ciliate 
protozoan!? — and should result in rapid 
‘horizontal’ spread of each new spacer 
variant to all rDNA units of all individuals 
of a species Alternatively, it 1s 
conceivable, although unlikely, that both 
the rDNA arrays and populations go 
through drastic reductions in number 
followed by the establishment of new 
arrays from a few founder units Therecent 
analysis of sequence variation of rDNA ma 
variety of organisms, ın particular in 
species of Drosophila, reveals several 
overlapping levels of evolutionary change 
that throw some light on the mechanism of 
concerted evolution and the complex 
progression of rDNA ın general 

In Drosophila melanogaster there are 
two clusters of rDNA situated on the X and 
Y chromosomes An interesting additional 
feature 1s that 60 per cent of the 28S genes 
of the X chromosome contain an insertion 
(INS-type 1) Another non-homologous 
type II INS 1s present ın 15 per cent of the 
28S genes of both chromosomes Although 
insertion sequences are by no means a 
universal feature of nuclear 285 genes (they 
are confined so far to the higher diptera of 
metazoan animals and to ciliate protozoa), 
they have been shown to contain sufficient 
residual interspecific homology to suggest 
that they are of ancient origin and arose 
before the divergence of the dipteran 


suborder Cyclorrhapha into the 
calyptrates (such as the house-fly) and 
acalyptrates (such as Drosophila) 
approximately 65 Myr ago!! Bearing in 
mind their age it 1s clear that 1f complete 
rDNA arrays are subjected to a concerted 
‘spring-clean’, then the INS* units are 
either selectively maintained or 
periodically re-inserted into newly 
amplified units For the latter they would 
require a degree of mobility 

The data of Glover and Rae and their 
colleagues? on the nucleotides 
surrounding INS elements in Drosophila 
elucidate this question of mobility In 
Drosophila virilis there 1s a 14-base pair 
duplication of a 28S gene sequence that 
flanks the insert This same sequence 1s 
present only once in INS- units The 
generation of a host sequence duplication 
(usually of 5-9 base pairs) upon insertion 
of an extraneous sequence 1s a common 
feature of mobile elements in Drosophila 
and yeast!?!3 In D melanogaster the type 1 
INS ıs flanked on its right by this same 
sequence and on the left there 1s a 9-base 
pair deletion in the 28S gene The two 
inserts clearly slot into identical positions 
in the two species suggesting a requirement 
for some sequence homology between host 
and insert that 1s analogous to the 
integration of à phages into Escherichia 
col: These data underline the possibility of 
mobilty of INS elements [tis unlikely that 
there are any fundamental differences 
between the units that receive INS and 
those that do not For example, Long, 
Rebbert and David!’ find no differences 
between INS+ and INS- units mn 470 
nucleotides around the transcription 
initiation sites and in the sensitivity to 
DNase I of the chromatin of genes, spacers 
and inserts Is there, then, a limiting supply 
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of INS elements to re-occupy the 60 per 
cent of X chromosome 28S genes with type 
I and the 15 per cent of X and Y 285 genes 
with type II, or are the numbers selectively 
constrained? Interestingly, extra copies of 
type I sequences have been located outside 
of the NOs in both D melanogaster* and 
D virilis that are situated for the most part 
in the centromeric heterochromatin in 
D melanogaster’ However, type I INS 
units in the heterochromatin are each 
flanked by the same 28S gene segments that 
flank type I INS in the 288 gene!, 
suggesting a transposition of INS with its 
flanking sequences from the NO to the 
heterochromatin and not vice versa 

The phenomenon of concerted rDNA 
evolution in Drosophila species has only 
recently come to light Electron 
muicroscope observations on the extent of 
heteroduplex matching of interspecific NT 
spacers of sibling species of the 
D melanogaster species subgroup intially 
underscored, at this level of resolution, the 
conservation, not the dissimilarities, m 
spacers between the species!? However, 
our analysis of the distribution of 
restriction sites and sequence homologies 
of NTS, ITS and INS elements of the 
species nevertheless shows that all these 
components are divergent between species 
and yet have evolved ın concert within each 
species to the extent that a complete 
replacement of one sequence variant by 
another has occurred in both X and Y 
NOs!¢ Similarly, the NTS sequences of 
two more distantly related species, 
D melanogaster and D hydei, have been 
found not to be the same!” 

Although evidence for the precise 
mechanism responsible for within-species 
homogeneity 1s not available, there are 
observations that strongly hint at one 
possible cause A variety of studies have 
shown that an heterogeneity in length and 
an internal repetition within NT spacers are 
common features of multiple-copy genes 
(see refs 7 and 18 for reviews} For example, 
the lengths of NT spacers both within and 
between sibling species of D melanogaster 
often differ by multiples of 250 base pairs!® 
which 1s the periodicity of the Alul 
repetition in the NTS of D melanogaster 
(see figure) It has been suggested’ ® that a 
process of unequal exchange within NT 
spacers, ın which the inequality 1s of the 
same periodicity as the internal repetition, 
would generate the observed differences. 
Given such a mechanism plus the ability of 
sequences of DNA to transpose or be 
exchanged between chromosomes, it 1s 
possible to offer some explanation for the 
complete horizontal replacement, at 
several different levels, of the rDNA within 
and between individuals ın one group of 
species 

First, within the NO of one chromosome 
It ıs possible to view the replacement of 
repeats, one variant by another, as an 
outcome of a continuous process of 
amplification and elimination of sequences 
(by unequal exchange) in a stochastic 


manner. At the lowest level there would be 
the replacement of units of the internal 
repetition within the NTS, for example, ın 
D melanogaster a replacement by a variant 
repeat (containing an Alu] site) has taken 
place in an erray of 250-base pair repeats 
(lacking the Alul site) that ıs probably 
common to the NT spacers of the sibling 
subgroup'® An analogous 250-base pair 
periodicity has been detected in the NTS of 
D hyder’ In addition, unequal exchange 
within the internal repetition would also 
give rise to the 250-base pair length 
heterogeneity described above Ata higher, 
level unequal exchange involving complete 
rDNA units would lead to the replacement 
of complete arrays of NT spacers with their 
variant internal repeats in any one NO 

The second step in the process of 
sequence encroachment would be the 
establishment of the same spacer variant ın 
all NOs ofakaryotype N Arnheim and his 
colleagues report the complete distribution 
of spacer variants to several NOs within 
any one species of primate”, analogous to 
the distribut:on of Alul variants to the X 
and Y NOs of D melanogaster'® Such a 
mobility between chromosomes could be 
either a direct transposition or dependent 
on both meiotic (homologous) and mitotic 
(non-homologous) chromosome ex- 
changes Finally, and importantly, if the 
processes of unequal exchange and 
interchromasome spreading are rapid, 
then a variant will be driven throughout a 
population of sexually reproducing 
individuals the last stage of concerted 
evolution The absence of much rDNA 
sequence polymorphism, as distinct from 
length heterogeneity, within species 
suggests that the mutation rate producing 
new variants might be low relative to the 
rates at which they displace and spread 
both within end between individuals 

Against stch a background of periodic 
replacement of rDNA units, in Drosophila, 
the exclusion of specific INSs from the NOs 
of the Y chramosomes of D melanogaster 
and D hyde?’ suggests that insertion 1s a 
separate and independent stage in 
the overall evolution of the rDNA 
clusters 

The role of selection ın the evolution of 
rDNA 1s much harder to gauge There 1s 
probably a selective constraint on the 
number of 28S genes that can accept an 
insertion given the small deletion! (Glover 


op cit )and the absence of transcription of 
INS* genes ın somatic tissues of 
D melanogaster’ although the role of 
selection 1s ambiguous in strains of 
Tetrahymena pigmentosa which differ by 
the total absence or presence of insertions 
throughout the 28S genes!! There might 
also be a selective constraint that restricts 
the length heterogeneity of NTSs to within 
the defined lengths observed between 
sibling species of Drosophila’! and within 
individually characterized X and Y NOs of 
D melanogaster* 6.2! This might ensure 
the correct phasing of nucleosomes vis-a- 
vis the transcription initiation sites of the 
repeats An interesting regularity in 
nucleosome phasing with this property has 
recently been revealed in multiple-copy 
families of histone and ribosome genes ın 
D melanogaster? and ın 5S RNA arrays of 
X laevis® 

One final consideration concerns the 
generality of the phenomenon of concerted 
evolution and repeat unit replacement in 
eukaryote genomes It is known that 
repeated sequences are undergoing 
recurrent rounds of amplification and that 
on occasion a variant member becomes the 
fortuitous unit of amplification leading to 
the establishment of an homogeneous but 
variant array (segment) (see ref 24 for 
references) Such polymorphic segments 
might represent a state of transition during 
replacement Segmental variants and 
concerted replacement have been observed 
in tandem arrays of satellite DNAs, 
histones, immunoglobulins and globins, in 
addition torDNA Recently, evidence for 
concerted replacement has been found ina 
set of repeats that are dispersed throughout 
the genomes of different rodent species?” 
This might result from a progressive ‘gene 
conversion’ of one interspersed repeat by 
another (rather than unequal exchange) 
along the lines described by Scherer and 
Davis ın yeasts 

The genomic consequences of sequence 
replacement, mobility and inter- 
chromosome spread, occurring sımul- 
taneously, for example, in the rDNA 
repeats, are clear the rapid establishment 
of a group of genomes (species) that are 
uniquely identified by many shared 
homogeneous families of sequences The 
biological consequences of the accidental 
fixation of multiple genomic dissimilarities 
between groups are endless oO 
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Continental margin processes 


Jrom David G Roberts 


OvER the last decade research on 
continental margins has been greatly 
stimulated by the need to assess the hydro- 
carbon potential of the largely unexplored 
margin areas and to develop a thorough 
geological and geophysical understanding 
of the transition across the fundamental 
crustal boundaries defined by passive and 
active margins The recent Hedberg 
Conference* was the third to review con- 
tinental margins since the original Penrose 
Conference of 1972 (see The Geology of 
Continental Margins Springer 
Verlag, 1975) 

Results obtained from seismic 
exploration allied to the International 
Phase of Ocean Drilling (IPOD) were 
reviewed by A W Bally (Shell Oil, USA) 
Specific problems of passive margins 
revealed by the different structural styles of 
the north Biscay and eastern North 
American margins include the mechanism 
and amount of stretching during rifting 
and its effect on the subsequent history and 
thermal subsidence In the case of active 
shear and convergent margins the 
structural implications of brittle—ductile 
boundaries in the lower crust have yet to be 
fully understood as has the role of crustal 
extension ın an active margin setting Bally 
urged full documentation of the 
palaeontological data base used to erect the 
global sea-level curves of Vail ef al (Mem 
Am Ass petrol Geol 26; 44, 1981) and 
suggested changes in the subsidence rate of 
margins due to global sea-level vanations 
as an alternative mechanism 

Convergent margins were reviewed by 
Von Huene (USGS, Menlo Park) IPOD 
drilling and associated seismic surveys have 
revealed evidence of uphft and tectonic 
erosion that have radical implications for 
mechanisms of thrusting and subduction 
Subduction erosion or undernlating has 
been proposed to account for tectonic 
erosion off Central America while uphft on 
the Japanese active margin may result from 
development of a normal, that 1s, more ele- 
vated geothermal gradient during periods 
of inactive subduction Recession of the 
continental edge by as much as 60 km from 
the trenches may now be accounted for by 
dewatering and temperature-controlled 
‘clay’ mineral transformations with 
associated faulting ın response to weak 
shear stress conditions 1n the accreting sedi- 
ments 

Other active margins discussed included 
the Nankai Trough off Japan (Aok1, Japan 
Petroleum) and the Makran margin where 
uplift related to convergence 1s about 


“Ihe Hedberg Conference was held fram January 1210 16, 1981 
and was convened to honour Hollis D Hedberg, Professor of 
Gealogy at Princeton and former chief geologist of Gulf On The 
mecnng was sponsored by the Amernan Assouation of 
Petroleum Geologists 
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1 5~—2km per million years (White, 
University of Cambridge) Examples from 
the Caribbean included the margins of 
Venezuela and Hispaniola where studies of 
seismic reflection profiles offshore have 
been integrated with a field study of the 
exposed parts of the active margin onshore 
(Byu-Duval, IFP, France) Along the 
Indonesian Arc (Curray, Scripps 
Institution) variations in structural style 
are reflected in the development of strike- 
slip faults and spreading back arc basins in 
turn related to the direction of conver- 
gence Eptsodicity in the geological history 
of the exposed parts of the Arc may be more 
apparent than real and ıs perhaps caused by 
changes in plate convergence Uphft and 
subsidence of part of the Aleution Arc were 
also documented by Scholl (USGS, Menlo 
Park) 

The Caledoman—Appalachian orogenic 
belt was the subject of several interesting 
interpretative comparisons with the marine 
results Leggett (Imperial College, 
London) demonstrated the particularly 
striking resemblance between the Southern 
Uplands of Scotland, the Makran and the 
Middle American Trench while McKerrow 
(University of Oxford) reviewed the history 
of the northwestern edge of the Iapetus 
Ocean Evidence of very large-scale 
tectonic transport along convergent 
margins was documented from Califorma 
and the Appalachian belt ‘Suspect’ 
terranes in California show 30~40° of 
rotation and transport of Upper 
Cretaceous rocks by as much as 3,000 km 
(Howell, USGS, Menlo Park) COCORP 
results ın Appalachia also demonstrate 
thrusting of several hundred kilometres 
along the Blue Ridge thrust and have wider 
implications in interpreting autochthonous 
terrains in the Caledonide—Appalachian 
belt 

The session on passive margin evolution 
included reports from all over the world 
Grachev (Institute Physics of the Earth, 
USSR) reviewed the Moma rift — the 
onshore continuation in Siberia of the 
spreading Gakkel Ridge of the Arctic 
Ocean Nunns (Durham, UK) discussed 
the evolution of the Norwegian Sea and the 
Jan Mayen microcontinent The structure 
of the entire Southwest African margin 
from the Walvis Ridge to Capetown was 
presented by Gerard (SOEKOR, South 
Africa) using seismic reflection and 
commercial results This margin, lke the 
Voring Plateau, East Greenland and some 
other margins, 1s characterized by a thick 
sequence of oceanward dipping reflectors 
close to the continent-ocean boundary 
Drilling suggests that these reflections may 
be basalts Association of supposedly 
oceanic magnetic anomalies with 


continental crust on this margin questions 
their use ın defining the continent—ocean 
transition The Congo—Cabina area 
further north ıs a classical area of rift 
tectonics where the entire transition from 
the pre-nft phase through rifting, mmitiated 
in the late Jurassic, to the Albian post-rift 
and the important role of halokines 1s well 
documented from seismic and drilling 
results (Cochran ef al Gulf Oil, USA) 

Off eastern North America, improved 
seismic data and the results of recent IPOD 
legs have shed new light on the evolution of 
the margins In the Straits of Flonda 
(Buffler and Schwab, UTMSJ) drilling on 
partly exposed tilted blocks has cored 
gneisses and phyllites Careful analysis of 
refraction (Ibrahim and Uchup1, WHOD 
and gravity and magnetic data (Hall, Gulf 
Oil) from the Gulf of Mexico suggest 
rifting and spreading formed a rhomboidal 
Oceanic ın early Jurassic tıme Independent 
evidence for early Jurassic opening of the 
western North Atlantic has been given by 
the results of DSDP hole H534 which cored 
basement of Callovian age east of the Blake 
Escarpment (Sheridan, Gradstein ef al, 
University of Delaware) In the nearby 
Carolina Trough, the East Coast magnetic 
anomaly 1s interpreted as an edge effect 
associated with the continent—ocean 
boundary by Hutchinson ef al (USGS- 
WHOD) who also find no evidence of a 
basement ridge along the boundary They 
propose a model of rapid stretching and 
subsidence to account for a zone of attenu- 
ated continental crust landwards of the 
boundary Present growth faulting on this 
margin ıs apparently related to tectonically 
controlled halokinesis (Dillon, USGS, 
WHOD 

Models of stretching and subsidence 
provided one of the main points of formal 
and informal discussion McKenzie (Earth 
planet Sci Lett 40, 25, 1978) orginally 
proposed a simple model of lithospheric 
stretching and applications of this model 
were discussed by several speakers 
Sobolev and Artempiev (Institute Physics 
of the Earth, USSR) discussed nfting and 
stretching ın terms of phase transitions 
within the mantle Variations ın the width 
of passive margins may be related to 
eclogitization Keen ef al (Bedford 
Institute, Canada) analysed the develop- 
ment of sedimentary basins off North 
America ın terms of the McKenzie model, 
models of uniform extension with melt 
segregation and of depth-dependent 
extension requiring rheological zonation 
within the lithosphere They compared 
calculated with observed gravity, 
stratigraphy, mantle depth and thermal 
history data and concluded that the depth- 
dependent extension model gave the best 
fit A rather different view was proposed 
by Sibuet and Le Pichon whose 
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calculations of the crustal extension in 
Biscay were consistent with the uniform 
stretching model of McKenzie and could be 
applied to other areas Chenet etal (IFP, 
Paris, France) also calculated the extension 
for the north margin of Biscay and Galicia 
Bank and calculated that a two-layer model 
best fitted the data although a mass balance 
problem remained in the lower crust 
Sclater et al (MIT) reviewed subsidence of 
the Georges Bank ın terms of the McKenzie 
model and discussed possible hydrocarbon 
potential in terms of the thermal history A 
two-layer finite element crustal model used 
to model the formation of outer highs by 
Vierbuchen and George (Exon, Houston) 
included variables such as the temperature 
at the base of the hthosphere and time- 
dependent creep Watts (Lamont- 
Doherty, New York, USA) reviewed the 
roles of eustasy, flexural strength, 
diagenesis, stretching and cooling in 
margin subsidence, concluding that at least 
off North America the paucity of well data 
and the unknown thickness of syn-rift sedi- 
ments do not easily allow test of 
McKenzie’s model 

Sedimentary processes 1n many 
continental margin environments were 
documented using a variety of techniques 
Coumes (SNPA, Pau, France) examined 
the depositional history of the Cap Ferret 
Fan, south-west Biscay using Seabeam and 
high-resolution seismic data linked to 
cores A wider view of continental margin 
sedimentary processes was given by 
Roberts (IOS, UK) from the results of long- 
range sonar (GLORIA) surveys Complete 
sonar mosaics of entire continental 
margins are giving a needed overview of the 
role of downslope and slope sediment 
movement in determining facies dıs- 
tribution The role of slope parallel and 
downslope sediment transport in the 
development of the lower continental rise 
off the eastern USA was documented using 
seismic profiles (Laine and Tucholke, 
WHOJ) A detailed study of the McKenzie 
River delta was presented by Cole (Gulf, 
Canada) who recognized five deltaic cycles 
in the delta’s development Bouma (USGS, 
Corpus Christi) discussed the influence of 
halokinesis on upper slope sedimentation 
in the Gulf of Mexico 

The matunty and characteristics of 
organic matter on continental margins was 
appropriately discussed ın the final session 
Arthur (USGS, Denver) discussed the role 
of Mesozoic—Cenozoic anoxic events 
determining the production and 
presentation of organic matter along the 
slope and rise Accumulations are episodic 
and themselves variable in organic matter 
and type A detailed geochemical study of 
Cretaceous organic matter by Katz 
(Texaco, USA) showed differences 
between the North and South Atlantic 
Oceans The North Atlantic organic matter 
is predominantly of terrestrial origin and 1s 
likely to yield gas compared with the oil 
potential of the marine organic matter in 
the South Atlantic Ocean J 
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Solar physics at Taos 


Jrom R Rosner 


THE second major presentation of results 
from the Solar Maximum Mission (SMM) 
satellite, which recently met an untimely 
failure in its pointing system after 
approximately six months of active 
operation, provided the focal point at the 
winter meeting of the American 
Astronomical Society’s Solar Physics 
Division* This gave the solar community 
an excellent overview of both the current 
status and the likely scientific impact of the 
SMM venture Several other major results 
not associated with the SMM programme 
were also discussed 

One of the first new results reported 
concerns periodic fluctuations in hard (220 
keV) X-ray emission from solar flares 
Such fluctuations have been observed by 
both the SMM Hard X-Ray Burst Spec- 
trometer (H-XRBS), reported by Kiplinger 
(Goddard Space Flight Center), and 
an X-ray spectrometer on board the 
ISEE-3 spacecraft (Kane, UC Berkeley,, 
who also reported corresponding 
quasi-periodic variations in micro- 
wave radio bursts) The typical pulse 
periodis ~ 8s, onacoherence time scale of 
the order of several minutes Several 
explanations were offered for these 
observations, one plausible model pro- 
posed by Morrison and Ionson (Goddard) 
considers the flaring ‘loop’ structure as a 
lumped resanant circuit whose solutions on 
short time scales successfully predict 
oscillatory behaviour with periods of the 
order of seconds 

Detailed flare plasma diagnostics have 
been considerably advanced by SMM 
observations High-quality observational 
evidence for both systematic flows and 
turbulent velocities were reported by the 
Ultraviolet Spectrometer and Polarimeter 
(UVSP) anc X-Ray Polychromator (XRP) 
experiment teams, for example, turbulent 
velocities (aS measured by broadening of 
lines due to high ionization states of 
calcium and iron) were shown to attain 
values up to ~ 100 km s~ during flares 
Data from tnese two instruments and from 
the HXRBS have been assembled by Frost, 
Orwig, Poland and Shine (Goddard) who 
reported evidence that consider- 
able hard X-ray flare emission orig- 
mates from the vicinity of flare loop 
footpoints These data, together with high- 
resolution Very Large Array (VLA) 
observations (Kundu, University of 
Maryland, and collaborators), strongly 
support the view that a non-thermal 
component is present in the electron 
velocity distribution and is responsible for 
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the footpoint hard X-ray emission Yet 
further evidence for non-thermal processes 
comes from the Gamma-Ray Spectrometer 
(GRS) Forrest (University of New 
Hampshire), Ramaty (Goddard) and colla- 
borators showed spectra which clearly indi- 
cated line emission at, for example, 2 2 
MeV (attributable to neutron capture by 
protons) and 0 51 MeV (corresponding to 
the well known e~~e+ annihilation line), and 
demonstrated convincingly that both 1ons 
and electrons must be accelerated im- 
pulsively (and episodically) during a flare 
on similar time scales, the detailed 
temporal variation of the 2 2-MeV lime flux 
was shown to follow the hard X-ray flux 
variation and to correspond to the 
behaviour expected from neutron slow- 
down and eventual capture In a review of 
the high-energy experimental flare results 
from SMM, P Hoyng (Utrecht) argued 
that the preponderance of evidence now 
points towards the ‘non-thermal’ flare 
models (although, as pointed out by A G 
Emshe (Stanford), spatial characteristics 
of hard X-ray emission which may be 
attributed to a non-thermal model can also 
be predicted by some ‘thermal’ models) 

The considerable flare emphasis of 
SMM may lead one to forget that one 
instrument aboard SMM was especially 
designed to observe phenomena on longer 
time scales — ACRIM, a cluster of three 
active cavity radiometers designed to 
monitor the possible variability of the solar 
bolometric luminosity This important, 
but controversial subject was reviewed by 
S Sofia (Goddard), and Hudson (UC San 
Diego), Woodard (UC San Diego) and 
Willson (JPL) reported luminosity 
fluctuations as large as ~ 02 per cent 
(probably associated with the passage of 
sunspot groups across the solar disk) 
ACRIM should help to answer some of the 
outstanding questions ın this area, for 
example, ıt can now be shown obser- 
vationally that the well known sunspot 
energy ‘deficit? 1s not spatially redis- 
tributed ın the vicinity of a spot on short 
time scales, suggesting that transient 
energy storage does indeed occur in the 
solar convection zone 

There 1s, of course, an enormous 
amount of solar physics conducted outside 
the SMM realm J Kohl (Harvard-Smith- 
sonan CfA) and collaborators are using 
resonantly scattered Lya photons as a 
diagnostic tool for coronal plasma above 
1 Ssolar radu They have had two success- 
ful rocket flights, and G Withbroe 
(Harvard-Smithsonian CfA) reported one 
of the first major results — that proton and 
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electron temperatures rapidly decouple 
above ~ 2 solar radu The relative spatial 
constancy of the electron temperature, in 
contrast to the rapidly declining proton 
temperature with increasing radius, implies 
that the coronal heating process primarily 
couples to electrons, and 1s consistent with 
no significant proton heating (other than 
via e~-—p coupling) above ~ 2 solar radn 
IMP satellite data (Borrim, Stanford, and 
Gosling, Los Alamos) included the first 
definitive identification of (at least one 
of) the coronal sources of the low- 
speed solar wind, that 1s, the ‘belt’ of 
coronal streamers overlying photospheric 
neutral lines, and anomalously low He ITI 
abundances in the high plasma density 
wind regions associated with sector 
boundaries and (when mapped back to the 
Sun) coronal streamers It 1s still debatable 


whether yet other coronal source regions of 
the low-speed solar wind exist, these IMP 
results (particularly the He abundance 
anomaly), however, provide an important 
constraint for solar wind theorists 
Although experimenters did rather steal 
the show, theorists too were present at the 
meeting Amongst the interesting 
theoretical results reported were the 
hydrodynamic calculations of the 
chromosphere, transition region and 
corona (McClymont and Canfield, UC San 
Diego, Boris and Mariska, NRL, and 
Pallavicim, Arcetrı Observatory) which 
promise to resolve the controversy on the 
structure and stability of the ‘confined’ 
solar atmosphere, and convection zone 
calculations (Hurlburt and Toomre, JILA) 
which may help understanding of con- 
vection in the fully compressible limit C 


Neutron optical activity 


from Leo Stodolsky 


THE PHENOMENON Of optical activity, in 
which a substance rotates the plane of 
polarization of hght passing through it, isa 
familar one It is a common property of 
organic chemicals and is often used, for 
example, to measure their concentrations 
Recently, a group working at the ILL 
(Institut Laue-Langevin) in Grenoble has 
reported! the first observation of the 
equivalent phenomenon for matter waves 
Furthermore, the size of effect appears, in 
at least one case, to greatly exceed simple 
theoretical expectations In an experiment 
using cold neutrons from the ILL research 
reactor (see the figure), Forte and his 
colleagues have seen the rotation of the 
spin of the neutron around its line of flight 
as 1t propagates in solid tin A neutron with 
its spin direction perpendicular to its 
motion 1s a linear combination of two 
helicity (or circular polarization) states, 
just like a linearly polarized photon, 
therefore such a neutron beam 1s exactly 
analogous to plane-polarized light 

The neutron spin rotation observed 
differs from the optical activity of 
chemicals in one fundamental respect, 
however In both effects a rotation (of the 
spin or plane of polarization) 1s coupled 
with a direction (line of flight) and demon- 
strates a ‘handedness’ or parity sense 
associated with the material In the case of 
ordinary optical activity this handedness 1s 
traceable to the physical structure of the 
molecules of the material, which are ina 
configuration of definite handedness 
(stereoisomerism) A sample of tin, 
however, contains no such handed 
structures (The possibility of a neutron 
spin rotation created by handed materials, 
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through nuclear forces?, or through 
magnetic interactions}, has been 
considered, but the predictions are quite 
small ) Thus the parity sense manifested by 
the neutron beam must be traced ultimately 
to a handedness ın the interaction forces 
between the neutron and the constituents 
of the material — that 1s, to the pheno- 
menon of parity violation in the funda- 
mental interactions Thus the small (104 
rad) but definite rotation measured 1s a 
striking manifestation of a parity sense 
imparted to bulk matter by parity-violating 
forces 

The possibility of such a ‘neutron 
activity’ was, in fact, first suggested* by 
Michel in 1964 as a way of seeing the parity- 
violating, weak interaction forces between 
the neutron and the atomic nucleus The 
interest of the effect in connection with the 
question of ‘neutral weak currents’ and the 
possibility of observing the neutron- 
electron weak interaction was recognized 
seven years ago? and brought to the 
attention of Norman Ramsey (Harvard 
University), who has been involved in a 
long series of experiments searching for a 
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neutron electric dipole moment, where 
such very small neutron spin rotations must 
be measured 

The present experiment, an Ispra/ 
Harvard/Rutherford/Sussex collabor- 
ation, may be viewed as a neutron version 
of the standard crossed-polarizer 
configuration used in optics Polarized 
neutrons pass from a polarizer through the 
tin samples, which are about 5 cm long, toa 
symmetric analyser, which yields neutron 
counts depending on the degree of spin 
rotation Care must be taken to understand 
and eliminate magnetic field effects which 
could give spurious rotations by acting on 
the neutron magnetic moment, and various 
control and null tests were performed 

In classical fashion, the effect first 
showed up notin the material being studied 
('24Sn) but ın a control sample (natural tin) 
from which a large effect was finally 
located ın '!7Sn 

Results for the three materials are 
124Sn, (0 48+ 1 49)x 10% rad em !, 
117Sn, 36 7+2 7)x 106 rad cm’, 
Sn(natural),(4 95 +0 93) x 10 é rad cm}, 
Since natural tin contains only 7 6 per cent 
1U Sn, there would appear to be a residual 
effect of (2 16 + 095) x 106 rad cm! in 
natural tin not explained by its !!7Sn content 
It should be noted that large parity- 
violating effects have shown up in iF Sn 
before, ın neutron radiative capture® 

In the context of the present picture of 
weak interactions, estimation of the size of 
the spin rotation effect would seem to be 
straightforward? The neutron—atom weak 
Interaction contains a term gap, 
proportional to the helicity of the neutron, 
which creates a different index of 
refraction for each of the two helicity states 
of the neutron in matter This ın turn 
induces a rotation of the spin component 
perpendicular to the motion The rotation 
in radians, È, for a neutron travelling a 
distance Z 1n a simple Born approximation 
calculation 1s 


P= (/2GWpZ 


where G 1s the Fermi weak interaction con- 
stant, 9 the number density of atoms and W 
a ‘weak charge’ fortheatom W1s expected 
to be on the order of the number of 
particles in the atom, about 70 for example 
in the currently accepted electroweak 
theory of weak interactions Among the 
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interesting features of the formula are that 
it ıs proportional simply to G and that, in 
contrast to ordinary optical activity, which 
must vanish at low frequency, it 1s energy 
independent The observation of the effect 
with such low-energy (mullivolt) neutrons 
appears to verify this last feature 

The size of the observed effect 1s sur- 
prising, however The above theoretical 
formula for ® , as well as more sophisti- 
cated calculations (for discussion and 
references, see ref 7), lead to an estimate of 
about 108 rad cm! This is 3,000 times 
smaller than that observed for !!7Sn 

The only explanation so far put forward 
to explain such a large discrepancy involves 
a very low-energy neutron (P-wave) 
resonance In fact, the original motivation® 
for studying !24Sn — where, ironically, no 
effect at the 10° rad cm! level was found — 
was the suggestion of a resonant enhance- 
ment for the effect In '!’Sn a weak 
resonance, which could be P wave, has 
been reported (12 eV) Even with the 
existence of such a resonance, however, it 
seems difficult to get an effect of the 
observed magnitude This has prompted at 
least the present author to wonder whether 
there may not be some surprises lurking in 
the still not very well understood sector of 
the fundamental .nteractions concerning 
the non-leptonic weak interactions, par- 
ticularly the weak interactions between 
nucleons? The imperative question here 1s 
whether the large rotation is indeed some 
kind of special nuclear physics effect par- 
ticular to 1 Sn and perhaps a few other rare 
nuclides, or whether there is something un- 
expected generally residing in the nucleon- 
nucleon force In this respect the residual 
rotation for natural tin, beyond that 
expected from its !!’7Sn content, 1s 
intriguing If true, ıt indicates a large ro- 
tation on some other isotope also, and 
makes ıt much less likely that what 1s 
happening with !!’7Snis a freak occurrence 
These questions can be clarified by 
measurements on a variety of nuclei, par- 
ticularly the lighter ones, where the reson- 
ances are widely spaced and well known 
Should the effect consistently turn out to 
be too large, ıt could point to the need to 
revise our understanding of the weak inter- 
actions on a basic level 

Finally, another interesting fact has 
emerged from this experiment Motivated 
by the large rotation on !!’Sn, Forte and 
his co-workers looked for a dependence of 
the cross-section on the helicity of the 
neutron, that is, a difference ın the rate of 
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neutrons transmitted through the material 
according to whether the spin 1s parallel or 
antiparallel to the direction of motion 
This 1s also manifestly parity violating, and 
quantum mechanically ıs governed by (the 
Imaginary part of) the same amplitude as 
the spin rotazion Here again a large effect 
is found Although the authors say the 
result ıs too preliminary to be quoted as an 
actual cross-section, 1t 1s stated as being at 
about 9x 10° of the total cross-section 
The magnitude of this may be appreciated 
by saying that ıt corresponds to a cross- 
section at the tens or hundreds of ub level, a 
number more typical of say, 
electromagnetic than weak interactions, 
and hence appears ‘big’ 

This observation 1s something of an 
embarassment to the theoretical workers in 
the subject Although we had considered 


the polarization dependence of the cross- 
section, the possibility that 1t could be 
finite, let alone ‘big’, at threshold was never 
considered since ıt would appear to involve 
inevitably a P-wave suppression factor A 
finite parity-violating cross-section at zero 
energy 1s, 1n fact, possible, however, when 
an exothermic channel such as radiative 
capture or perhaps fission 1s present This 
leads to an amusing and complex situation 
where, for example, the dominant process 
for the P-wave scattering 1s parity vio- 
lating. Furthermore, because of the spin 
structure, some interesting tests of time 
reversal invariance should be possible in 
this novel system i 

Although ıt ıs not at all clear that this 
situation 1s fully understood, ıt does seem 
clear that the door has been opened here to 
anew set of very interesting phenomena O 


Two DNA-binding proteins 


jrom David Lavies 


THE last few years have seen dramatic 
developments ın our view of DNA as a 
dynamic molecule, both in structure and 
function Most of these properties can be 
attributed to the proteins that interact with 
DNA to produce replication, tran- 
scription, translation, transposition and 
processing There are polymerases, 
synthetases, untwisting proteins, twisting 
proteins, histones, repressors, 
activators  , but until recently very little 
was known about their three-dimensional 
structure or how, precisely, they interact 
with nucleic acid This has now begun to 
change with the X-ray diffraction studies 
reported in this issue of Nature on two 
DNA-bindinz proteins, the cro repressor 
of bacteriophage A (p 754) and the E coli 
catabolite pene activating protem (CAP) 
(p 744) Although neither crystal structure 
actually invclves the protein-DNA com- 
plex, the prctein structures in both cases 
immediately suggest how the complex 
might form The remarkable conclusion 1s 
made that while cro binds to right-handed 
B-DNA, CAP binds to left-handed 
B-DNA 

Cro 1s a small protein (molecular weight 
7,351) that, together with the A repressor 
protein, acts in the control of the lytic 
pathway of the bacteriophage? The 
structure o? the monomer at 28 A 
resolution, as determined by Anderson et 
al‘, is very simple, consisting of three 
extended segments forming an antiparallel 
B sheet, together with three helices An 
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extended C-terminal tail interacts strongly 
with the corresponding tail of another 
monomer to form a dimer This dimer 
associates in the crystal with another such 
dimer to form a tetramer, although in 
solution it 1s not known whether cro 1s a 
dimer or tetramer However it 1s known 
that ıt binds to three sites on A DNA, each 
of which exhibits some two-fold 
(palindromic) symmetry suggesting that 
the interacting form of the protein will be at 
least a dimer with two-fold symmetry 

Insight into the structure of the cro- 
DNA complex has come from a com- 
bination of genetics, chemistry and model 
building Cro binds to a 17-nucleotide 
length of the DNA and prevents alkylation 
of the phosphates and methylation of the 
guanines at a site in the major groove Cro 
appears to bind principally in the major 
groove of the DNA since methylation of 
adenine in the minor groove is not 
prevented by binding 

What parts of the cro structure could be 
involved in binding to DNA? One very 
suggestive feature is the helix from Gin 27 
to Ala 36, which protrudes from the 
surface of the protein The corresponding 
helix in the other subunit of the dimer 1s 34 

away and each helix 1s inclined at 32° to 
the line joining their midpoints These are 
the dimensions of the grooves on B-DNA 
and model building indicates that the 
helices can be positioned to fit convincingly 
into the major groove of right-handed 
B-DNA Between the helices, some 
residues of the C-terminal segment form a 
pair of antiparallel -sheet strands parallel 
to the minor groove which may interact 
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with ıt 

Another regulatory protein, CAP, 
forms a complex with cyclic AMP and 
binds to specific DNA sites thereby altering 
the rate of transcription The structure of 
the complex CAP-cAMP has been deter- 
mined by McKay and Steitz at 2 9 A reso- 
lution The molecule ıs a dimer Each 
subunit contains two domains joined by a 
4-5 amino acid hinge region There ıs a 
cleft between the two domains and 1n one 
subunit this cleft ıs open while ın the other 
it appears closed, umplying flexibility of the 
hinge analogous to that observed in 
immunoglobulins The larger N-terminal 
domain interacts with the corresponding 
domain of another subunit to form a dimer 
in which there 1s local two-fold symmetry 
between the domaimms There appears to be 
no interaction between the two smaller 
C-terminal domains 

As in the cro protem, the obvious 
candidates for binding to the DNA are two 
protruding helices, one from each of the 
C-terminal domains, However, unlike cro, 
these helices are oriented ın such a way that 
they cannot fit into the grooves of right- 
handed B-DNA but could bind to the 
major groove of left-handed B-DNA. Such 
a model of the complex can account for the 
genetic and chemical data in a manner that 
could not be done with any model 
involving right-handed DNA 

Supporters of left-handed DNA recently 
received a boost with the discovery of the 
‘Z’ structure for the alternating copolymer 
(dG-dC)* However the [CAP- 
cAMP-DNA] complex proposed by 
McKay and Steitz involves left-handed 
B-DNA and not Z-DNA which has quite- 
different helical dimensions In 1979 Crick 
et al.’ examined the evidence on the 
handedness of DNA and concluded that 
there was little doubt that ıt was right- 
handed Strong support for this conclusion 
has come from the recent dodecanu- 
cleotide crystal structure of Wing et al 6 
who showed that the molecule 1s a right- 
handed B double helix A modelling study 
by Gupta et al’? has demonstrated that a 
left-handed model can be constructed for 
B-DNA, but experimental evidence 
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strongly favours the right-handed model 

McKay and Steitz therefore hypothesize 
that the handedness of the DNA at the 
binding site must change when ıt complexes 
with CAP In view of the apparent 
flexibility of the protein hinge and the loose 
attachment of the DNA-binding domain to 
the major domain of CAP, this change of 
hand ıs a surprising accomplishment 
McKay and Steitz have examined the 
possibility of rearranging the relative 
locations of the helices, for example by 
rotation about the hinge, but conclude that 
no simple rearrangement will provide a 
configuration complementary to right- 
handed B-DNA Proof of this model will 
have to come from unwinding experiments 
on closed circular DNA, or from the 
crystallization of the CAP protein 
complexed to a small DNA fragment of 
appropriate sequence. 

Given the complexity of protein 
structures, 1t ıs interesting that both the cro 
and CAP proteins have structures that im- 
mediately suggest that their principal 
means of interaction with the DNA 1s 
through a-helices sticking ın the major 
grooves The only crystallographic analysis 
of a nucleic acid—protein complex has been 
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that of protamine-tRNA® which showed 
an a-helical piece of protamine lying ın the 
minor groove of thetRNA However, there 
have been other modelling proposals 
involving f-structure?-!! and the cro 
protein may also utilize the binding of an 
anti-parallel par of strands in the mnor 
groove of the DNA Analysis of further 
DNA-binding proteins may reveal a more 
complex pattern of interactions although ıt 
should be remembered that DNA ıs a 
groovy molecule that might favour the 
binding of the ordered segments 

Although a model of DNA sequence 
recognition 1s not yet revealed by these 
studies, ıt 1s interesting that both proteins 
are at least dimers and can thus impose 
some 2-fold symmetry on the DNA binding 
site Further information can be expected 
to come from a refinement and higher- 
resolution analysis of these and other 
structures Also, although the three- 
dimensional structures of cro and CAP are 
quite acceptable, being based on 
experimental analysis with a proven 
technique, the predictions about the 
complexes are less secure and illustrate the 
need for crystal structure determinations 
directly of complexes of protein and DNA 


Laminin and epithelial 


cell attachment 


from Brigid Hogan 


THE past few years have seen an increasing 
interest 1n epithelial cells and the factors 
responsible for maintaining their 
organization into sheets and glands The 
subject 1s important because most human 
tumours arise within epithelia, and 
metastasis involves cells breaking away 
from the territonal boundaries of these 
tissues and invading the surrounding 
stroma. Also important 1s the question of 
what distinguishes this pathological 
invasion by malignant carcinoma cells 
from normal migrations seen during the 
embryonic development of organs like the 
breast, when cords of celis burrow from the 
surface into the underlying mesenchyme to 
form complex branching ducts and tubes 
Such questions have focused attention 
on the physical boundary between 
epithelium and the stroma In nearly all 
cases this 1s an extracellular basement 
membrane, or basal Jamina, made up of 
proteoglycans, Type IV procollagen, 
fibronectin, laminin and other 
glycoprotems Apart from restraming the 
wayward migration of epithelial cells by 
promoting their attachment and 
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alignment, roles suggested for the basal 
lamina include a means of laying down 
specific landmarks for cell guidance, acting 
as a filter for molecules of a particular size 
or charge, and the induction of epithehal 
cell differentiation Guven all this 
speculation, it 1s not surprising that the 
recent identification of the glycoprotein 
laminin! as a major constituent of 
basement membranes, both in the adult? 
and the embryos, has generated a whole 
spate of experiments on the effect of the 
purified protein on epithelial cells in 
culture. 

Conveniently for the biochemist, 
laminin 1s made in large amounts by a 
number of mouse tumours, including the 
EHS ‘sarcoma’ (see ref 1) and several 
derived from an embryonic tissue known as 
parietalendoderm® Lammunisolated from 
the matrix of these tumours consists of a 
very high molecular weight (approximately 
900K), disulphide-bonded complex of 
three polypeptide chains, a larger one of 
about 450K and two smaller ones of very 
similar molecular weight (about 230K). 
Antibodies to laminin also immunoprecip1- 
tate a fourth polypeptide of molecular 
weight 150K, which is made in much larger 
amounts by normal rather than tumor- 
igenic endoderm cells’, but the role of this 
jaminin-related protein 1s not yet clear 
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Thereis no doubt, however, that laminin 
is completely distmct from fibronectin, 
that other widespread component of 
basement membranes In contrast to fibro- 
nectin, laminin 1s only made by epithelial 
cells and a few others including myotubes 
and neuroblastoma’ and not by fibro- 
blasts Although it 1s secreted into the 
medium of cultured cells, ıt does not 
by ttself form an extensive fibrous net- 
work on both the upper and lower sur- 
faces of monolayer cells, but accumulates 
as a matrix between the cells and the 
dish Laminin does, however, seem to 
share some properties with fibronectin 
Both bind to proteoglycans? and to 
collagen, but whereas fibronectin binds to 
all collagens, laminin only seems to interact 
with Type IV procollagen, the species of 
collagen which 1s found in basement 
membranes Very little ıs known about 
how these properties of laminin influence 
its deposition im vivo In the skin, the basal 
lamina ıs composed of two layers, the 
lamina lucida next to the epidermis and the 
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100 years ago 


MR DARWIN ON VIVISECTION 


“Dear Sir, — In answer to your courteous 
letter of April 7 I have no objection to 
express my opinion with respect to the right 
of experimenting on Joving animals I have 
all my life been a strong advocate for 
humanity to animals, and have done what I 
could in my writings to enforce this duty 
Several years ago, when the agitation against 
physiologists commenced 1n England, it was 
asserted that inhumanity was here practised 
and useless suffering caused to animals 

it 18 right to add that the investigation of the 
matter by a Royal commission proved that 
the accusations made against our English 
physiologists were false From all that Ihave 
heard however I fear that in some parts of 
Europe little regard is paid to the sufferings 
of animals, and 1f this be the case I should be 
glad to hear of legislation against 
inhumanity in any such country On the’ 
other hand I know that physiology cannot 
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lamina densa next to the dermis Immuno- 
fluorescence studies have localized laminin 
to the / lucida* and Type IV procollagen to 
the / densa’ suggesting that here, at least, 
there 1s no intimate intermingling of the 
two components Alternatively, laminin 
may be present throughout the basal 
lamina but its antigenic sites masked ın the 
i densa. 

Although its almost ubiquitous distri- 
bution in basement membranes suggests 
that laminin plays an important role in 
epithelial tissue organization, 1s there any 
real evidence for this? Studies ın which 
epithelial cells were given a choice of 
collagen matrix on which to attach showed 
that they bind slowly but preferentially to 
Type IV procollagen!® It now appears?! 
that this binding specifically requires 
laminin Normally the cells make ıt for 
themselves slowly, but attachment can be 
speeded up by adding purified laminin, an 
effect which 1s blocked by anti-laminin 
antibody Lamunin also appears to be the 
active component of various conditioned 
media which promote epithelial attach- 
ment and growth!?, Fibronectin cannot 
substitute for laminin ın these assays, and, 
conversely, laminin does not mediate the 
binding of fibroblasts to collagen These 
results suggest, but by no means prove, that 
at least one im vivo role of laminin is to help 
epithelial cells keep their feet firmly on the 
ground 

It 1s an important feature of epithelial 
sheets and tubes that the cells are asym- 
metrical, with distinct basal and apical 
surfaces During embryonic development 


possibly progress except by means of 
experiments on living animals, and I feel the 
deepest conviction that he who retards the 
progress of physiology commits a crime 
against mankind Any one who remembers, 
as I can, the state of this science half a 
century ago must admit that it has made 
immense progress, and it 1s now progressing 
at an ever-increasing rate 

“What improvements in medical practice 
may be directly attributed to physiological 
research 1s a question which can be properly 
discussed only by those physiologists and 
medical practitioners who have studied the 
history of their subjects, but, as far as I can 
learn, the benefits are already great 
However this may be, no one, unless he 1s 
grossly ignorant of what science has done for 
mankind, can entertain any doubt of the 
incalculable benefits which will hereafter be 
derived from physiology, not only by man, 
but by the lower animals Look, for 
instance, at Pasteur’s results in modifying 
the germs of the most malignant diseases, 
from which, as ıt so happens, anımals will in 
the first place receive more relief than man 
Let ıt be remembered how many lives and 
what a fearful amount of suffering have 
been saved by the knowledge gained of 
parasitic worms through the experiments of 
Virchow and others on hving animals In the 
future every one will be astonished at the 
ingratitude shown, at least m England, to 
these benefactors of mankind As for 
myself, permit me to assure you that I 


there are numerous descriptions of 
epithelial tissues emerging from clusters of 
precursor cells which are not themselves 
polarized in this way, and ıt ıs of interest 
that in two cases the onset of laminin 
synthesis seems to correlate with the time of 
this polarization One example is the 
morula stage mouse embryo? which at the 
time of compaction undergoes transition 
into a group of cells with definite inner and 
outer surfaces The second example 1s the 
aggregation of mouse embryo kidney 
mesenchyme into tubules!? In both cases 
laminin synthesis may only be an early 
manifestation of epithelial differentiation, 
but itis also possible that 1ts assembly into a 
basement membrane actually directs cell 
polarization ın some way 

Finally, what happens to basement 
membrane laminin when epithelial cells 
metastasize? In a recent paper, Hayman 
and colleagues!* showed that after virus 
transformation, rat kidney cells lose the 
ability to lay down laminin and fibronectin 
in an extracellular matrix, even though they 
continue to synthesize the two glyco- 
proteins at the same or increased rates The 
authors speculate that a matrix cannot be 
organized by the transformed cells because 
of a change ın their surface glycosamino- 
glycans, to which, as we have seen, both 
laminin and fibronectin bind However, it 
could also be argued that the primary lesion 
1s in the polarized cytoskeletal framework 
of the cells which allows them to spread 
their feet out over a surface, and through 
transmembrane connections keeps the 
matrix firmly anchored down g 


honour, and shall always honour, every one 
who advances the noble science of 
physiology 
“Dear sir, yours faithfully, 

“CHARLES DARWIN 


Mr M G Mulhall sends us the following 
curious note, which we give without 
comment — “Although Shakespeare 1s 
supposed to have taken the idea of Hamlet 
from the Danish historian Saxo- 
Grammiaticus, there are such points of 
resemblance with the Arabic chronicle of 
Nigiaristan, respecting Montasser, tenth 
Caliph of Bagdad, that I venture to call your 
attention to the same The points of analogy 
are as follows 1 That Montasser 1s 
murdered by putting poison in hisear 2 The 
ghost scene, in which his father appears to 
him 3 The displaying of tapestry before the 
Caliph and his court, in which the tapestry 
represents a tragedy identical with the late 
Caltph’s murder ”’ 


Mr H L Janssen van Raay writes to us 
from Batavia, March 21, that in the 
enumeration of the different geographical 
societies of the world in Nature, vol xxu p 

299, the Geographical Society at Samarang 
(Java), founded ın 1879, was omitted 


From Nature 23, 21 & 28 April, 1880 
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The Earth’s radius and the G variation 
V. M. Canuto 
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It has long been assumed that tf the gravitational constant G was larger in the past, the Earth’s radius had to be smaller The 
assertion holds provided the input from microphysics (in particular the equation of state) ıs independent of G While this ts 
true for some theones of gravity with variable G it 1s not so ın the scale covariant theory, where the pressure can be affected by 
a variable G in a way that, for a constant mass of the Earth, a larger G ın the past ımphes a larger Earth’s radius 


Companson with recent palaeomagnetic data ıs presented 


MODERN observations’ of increasing accuracy seem to confirm 
that the phenomenon of gravity 1s correctly understood in terms 
of Einstein’s geometrical interpretation and _ satisfactorily 
described by the Einstein equations There, therefore, seems to 
be no cogent reason to modify E:nste1n’s theory as a description 
of gravity, as there 1s no reason to modify atomic theory Within 
their limits, gravitational theory and atomic theory are complete 
and thus far satisfactory theories 

In cosmology, however, where gravitational phenomena 
involving large fractions of the age of the Universe are analysed 
not with gravitational but with atomic clocks, the two dynamics 
must be coupled Let At, (E for Emstein) be the tıme interval 
marked by a clock governed by gravitational dynamics (two 
orbiting planets, for example) and At the time marked by an 
atomic clock Because the gravitational constant G and the total 
mass M may be thought of as the ‘springs’ of the gravitational 
clock, much in the same way as e, A and m may be considered the 
‘springs’ of the atomic clock, then Athp=f(G,M) and At = 
gle, h, m) 

To study the large tımes involved ın cosmology a relationship 
between Af, and At as a function of time or equivalently of the 
age of the Universe 1s required The lack of a unified theory of 
electromagnetic and gravitational forces, which would give us 
the answer, has been avoided so far by assuming that the ratio 
B (t) = At, /At at any tıme in the past was the same as today This 
is known as the strong equivalence principle, SEP While the 
adoption of the SEP has not yet led to flagrant disagreement 
with observations, 1t remains an unproved assumption, because 
its confirmation would require two measurements of B (t) at two 
different times, the age of the Universe serving as atime scale A 
more popular way of expressing a possible non-constancy of B (t) 
is by saying that G may vary with respect to atomic time’ In fact, 
a non-constant £ (t) 1s equivalent to one of the springs of the 
gravitational clock, say G, varying with respect to the atomic 
time 

Given the fundamental role of the SEP for the entire 
cosmological edifice, ıt ıs natural to expect that the nature of the 
function 8 (t) be determined not by an a priori assumption, but 
by either a unified theory, which we do not have, or by obser- 
vations of which we now have enough, covering a large fraction 
of the age of the Universe 

Cosmological data to put hmits on B/B were used in ref 3 
while the past luminosity of the Sun was analysed in refs 4 and 5 
This article concentrates on the dependence of the radius of the 
Earth on G =G{(t) 

The newtonian framework 1s shown to be unsuitable because 
it leads to inconsistencies (see refs 3, 4, 6, 7) Then ıt is shown 
that the Einstein framework leads, as expected, nowhere 
Finally, the scale covariant theory ıs used through which the 
effects of a non-constant B(t) can be treated and quantified 
consistently 


The Earth’s radius 


While the first analysis® of the consequences of G = G (t) dealt 
with the Sun’s luminosity (the result Lo ~~ G’ has been shown‘ to 
be Lo~ constant, see also ref 5), more attention seems to have 
been given to the Earth’s radius’’® The general consensus 
seems to be that if G was larger ın the past, the Earth’s radius 
had to be smaller (see, for example, refs 9-12) 

To arrive at this qualitative conclusion, one uses (a) the 
hydrostatic equilibrium equation, (b) an equation of state and (c) 
the assumption of a constant total rest mass, (99 = mn, n = 
N/V, M=mN) 


idp__ mt) 


Po dr r? ta) 
p&p% (1b) 
M = constant (ic) 
thus deriving 
R € MONG -AGYBA m G-UGyr-4) (2) 


which 1s the basic relation for all the qualitative conclusions that 
a larger G implies a smaller R, and therefore an expanding 
Earth 

While equations (1a), (1b) and (1c) form a set of consistent 
relations when G 1s constant, 1s the same true when G becomes a 
variable? The different exponentials of G and M 1n equation (2) 
are in sharp contrast with equation (1a) where G enters only in 
the combination GM The asymmetry ıs introduced using an 
equation of state ın the form (1b), which contains M but not G, 
the usual justification being that atomic relations are immune 
from whatever happens to G, which is valid only if gravity and 
atomic physics are kept separated However, a variation of G 
represents a change of one dynamics with respect to the other, a 
process that can only be meaningful if we relate, not separate, 
the two dynamics While the assumption that the two dynamics 
are disconnected may be logically consistent with the SEP, the 
purpose here ıs to relax the SEP allowing the two dynamics to 
depend on one another through the function £ (t) or equivalently 
G(t) Furthermore, while we may reasonably expect an isolated 
hydrogen atom to be independent of £, this need no longer be 
true for a many-body quantity like an equation of state, which 
involves ingredients like the integration over phase space, the 
Liouville equation, as well as thermodynamic relations 

To show how equation (1b) may lead to incompatibilities with 
a G = G (t), let us consider the equation of state pV = NkT, and 
use the adiabatic relation TVT = constant, where N = constant, 
that ıs M = constant We obtain p €p% (y = 1+T), that 1s equa- 
tion (1b) (equations (1b) and (1c) are, therefore, related) 
Furthermore, the basic ingredient in this derivation 1s the 
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adiabatic relation TV” = constant, which comes from integrat- 
ing the first law of thermodynamics, which ın turn 1s a statement 
of conservation of energy 

However, if G=G(t), the potential energy F= 
—G(t)m,m,/r? = —VV (r, t) becomes time dependent and we do 
not have energy conservation’? An mconsistency has surfaced 

The argument may be formalized by moving from the 
newtonian framework to the einsteinian one, not because 
general relativistic effects are relevant to the Earth, but because 
GR 1s the correct description of gravity While the previous 
argument indicates that equations (1b) and (1c) are related, 
adopting the einsteinian framework will show that all the rela- 
tions (1) are connected In fact, the derivation of equation (1a) 1s 
based on the momentum conservation law, while equations (1b) 
and (1c) are related to the energy conservation law for the total 
energy density p These laws can be combined into the conser- 
vation of the energy momentum tensor T,, (ref 14, equation 
126 1), which ın arbitrary coordinates reads 


T”, =0 (3) 

Let us now consider Einsteins equations, 
Gy =Ry,-28wR,  G,, = ~8aGT,,,, (4a) 
GY", =0 (4b) 


Equation (4b) ıs the Bianchi identity, a geometrical relation 
valid irrespectively of the content of the right-hand side of 
equation (4a)'° Clearly equations (1), or the global form, 
equation (3), are compatible with equation (4b) only if G 1s 
constant 

This argument indicates that taking G ın equation (1a) varı- 
able ıs inconsistent with the sumultaneous use of equations (1b) 
and (1c) in which G 1s absent not because ıt has no a priori right 
to be there, but because it has already been assumed to be 
constant 


The Einstein framework 


Conventional general relativity is based on the existence of a 
metric field which obeys the Einstein field equations (46) with or 
without the right-hand side (ref 16 and P Bergmann, personal 
communication), GT,,,, a quantity that Einstein’’ considered “a 
formal condensation of all those things whose comprehension 1n 
the sense of a field theory 1s still problematic” Equations (4a) 
were constructed from left to right? Equation (4b) means that 
the right-hand side of equations (4a) must have zero divergence 
While one may choose G to be constant, thus yielding T” , = 0 
which embodies the ‘standard’ equations of motion and the 
‘standard’ energy conservation equation, this choice 1s clearly 
not dictated by the theory of gravity For that reason Emstein 
considered his theory ‘incomplete’, m the sense that ıt did not 
prescribe how to construct the source term from withm Given 
equation (4b), 1t would have been equally possible to choose 


(GT), =0 (5) 


with G as a variable Equation (5) indicates that T*”, =0, 
equation (3), 1s no longer true, because there 1s now a source 
term proportional to G, Because the energy conservation 
equation has acquired new terms involving G, so will the resul- 
ting equation of state To summarize, as the energy-momentum 
tensor T,,, 1s a function of the pressure p and the total energy 
density p, we have from equation (4) the two possibilities 


G constant plus Bianchi identity> T™ , =O>p=p(p,),M= 
constant 


G variable plus Bianchi identity > (GT*’) , =0>p =p (po, G), 
M # constant 


independently of the specific form of T, (p, p) To illustrate the 
modification to the p versus relation, consider the following 
form for T,, 


Tas (P, p) =(p +p)u t, ~ p&p» (6) 
By introducing the variables p, = pG and p= pG, we formally 
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reduce equation (5) to the standard form T% , =0 Because G 
has ‘disappeared’, we recover again, as in the standard case 
Pa~ (Po)% and M= constant Returning to the variables p and 
Po, we obtain finally 


pxp3G7" (7a) 
MG = constant (7b) 


Alternatively, as T% „=0 imphes p,dV+dU,=0, on 
integrating, (pV =NkT =TU), NTGV' =constant However, 
the zero pressure limit of T4”, =O mphes nVG =NG = 
constant, so that substituting T ın pV = NKT, we recover equa- 
tion (7a) (see also ref 4) 

As for the hydrostatic equilibrium relation, the introduction 
of the new variables p, and p, has no effect on its structure, 
because G depends only on time Equation (la) 1s therefore 
consistent with a varying G 

Inserting equation (7a) into equation (1a), we derive, 


R~M (y —2)/(3y -9G —1/3y “VG (y—-1)/(3y —4) 


~ (GM )%~2/G7-4 ~ constant (8) 


a result radically different from equation (2) 

Alternatively, we can say that because only the starred quan- 
tities are physically meaningful, equations (1) should read (po = 
p for ease of notation) 


1 dp, _ omy 


rape 2? Pepi, M= constant (9) 
* 


which clearly show that G does not appear 


Scale covariant framework 


The previous analysis has indicated that while it is ın principle 
possible formally to make room for a variable G within the 
Einstein framework, the results turn out to be identical to those 
with a constant G The message 1s that the quantity G has no 
‘identity’ in such framework, thus confirming that there 1s no 
useful way of talking about a vanable G within the Einstein 
theory 

To incorporate fully the possibility that atomic and gravita- 
tional times may differ over large fractions of the age of the 
Universe a formalism, the scale covariant theory (SCT) of 
gravity, was devised A gauge function A(t), epitomizing our 
ignorance of how gravity and atomic forces couple, was intro- 
duced through the equation 


Aty =B (t) At (10) 


While the strong equivalence principle assumes £ (t) = constant, 
a broad-based analysis of observational data ranging from 
astrophysics to cosmology (up to z ~ 10°), gave no indication 
that £ (t) has to be constant? *°’'* While this does not mean 
that (t) must be vanable, it ıs a significant result once we 
consider that ıt was firmly believed that even simple data like the 
luminosity of the Sun would have clearly opposed the variability 
of $ (t) Furthermore, recent measurements of the period of the 
Moon by both atomic and gravitational clocks do not seem to 
yield the same result, the residual corresponding to 


5- (2 750 64)10 7 yr™ (11) 


Gravitational tımes are defined as those times with respect to 
which the Einstein equations retain exactly their form as do all 
the purely gravitational expressions ensuing therefrom 
However, with respect to atomic units, the gravitational equa- 
tions take the form (ref 6, equation (2 10)) 


Gy tfur (B) = -8aGT,,, 6) (12) 


The final aim of the SCT ıs to construct a viable two-times 
theory, within which the commonly assumed identity between 
atomic and gravitational tumes may be broken, At # At, For that 
to occur, the lagrangian £ describing gravity and matter must 
not be scale invariant While ıt 1s not a priori clear which of the 
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terms in £ should break the symmetry, the choice 1s not large 
Brands and Dicke (BD) chose the gravitational part Y,, leaving 
£m the matter part, unaltered This imphes that their T,, does 
not depend on 8 the conservation law (3) holds unchanged, as 
do relations (1) Relation (2) 1s therefore consistent with the BD 
framework However, the change in L, means that the Emstein 
equations are modified by the addition of terms which coincide 
with our function f,,, (6) only 1f the BD parameter œ is -3/2 The 
potentially most serious source of troubles facing a theory that 
alters the Eimste1n equations ıs that the expressions for the three 
fundamental tests acquire extra contributions which may spoil 
the ever increasing agreement with observations As this seems 
to be the case m the BD theory, the SCT was constructed with 
the opposite point of view The scale breaking terms were 
relegated entirely to £m, while the gravitational part of Z was 
constructed in a scale invariant manner The result 1s equation 
(12), where the function f,,, (8) assures that the left-hand side of 
equation (12) 1s scale invariant, that 1s 1t has power zero under 
the scale transformation ds->ds’=£(x)ds, where for any 
quantity A, we have A > A'=B7“ A, (A) being the ‘power’ 
of A 

This approach has been questioned’? on the grounds that the 
‘presently accepted microscopic lagrangian’ can be shown to be 
scale invariant (a more detailed discussion 1s given elsewhere) 
One of the critical quantities entering the analysis of ref 19 1s 
a(m), the power of a microscopic mass m From the fact that 
h/mc 1s a length, ıt follows that a(l) =n (h)—r(m)=+1 The 
claim’? that 7(m) = —1 can only be made if r(A) =0, which in 
turn implies wz(e)=0, because e*/he 1s a pure number Now 
because the electric charge enters only in the lagrangian term 
representing interactions, any assumption about r(e) 1s an 
assumption about the scaling property of the interaction 
Because of the general relation BGM = constant (see equation 
(14)), w(m)=—1 ımples g=2 Now considering the elec- 
tromagnetic tensor F*”, if the contribution to T,,, from the free 
electromagnetic field 1s taken to be scale invariant then the 
power of F”” 1s -3—g/2 which 1s —4 Because J” =enu“ has 
power —4, the interaction equation F”” , =J* 1s scale invariant 
As such, 1t may not hold ın the SCT because the final aim ıs that 
of allowing atomic clocks to scale differently from gravitational 
clocks Because the gravitational part Z, has been constructed ın 
a scale invariant form (hence scale invariant theory of gravita- 
tion) with the result that the period of a planet with respect to 
atomic clocks scales lke P ~ B~! (ref 6, equation (4 19)), clearly 
the dynamic equation governing an atom cannot be F” , = J+ 
because being scale invariant, 1t would yield P(atom) ~ B~ too, 
thus leading to no difference between atomic and planetary 
dynamics, that ıs to a constant G If we accept “the presently 
accepted form of „`? (an equation hke F’’, =J“) then 
clearly the only possibility for a varying G 1s to go back to £, and 
to devise a modified BD approach This line of reasoning, which 
does not contemplate the possibility advocated by the pro- 
ponents of the SCT, cannot be taken to imply nor to have proved 
that either (1) G ıs constant or (2) that for ıt to vary, the only 
avenue openis £, Progress ın modifying F*” , =J" using gauge 
fields and neutral current concepts, has recently been made (P J 
Adams and J Anderson, personal communication) Far from 
being mutually exclusive, the approach proposed in ref 19 and 
the point of view of the SCT are in our opinion but different 
approaches towards the same goal 

Let us now prove that BGM ıs constant It has been shown® 
that the left-hand side of equation (12) has zero co-covariant 
derivative (indicated by * instead of ,) We therefore have, using 
equation (A 19) of ref 6 and the fact that G, = 0, 


T” , + (7 +6)¢,T” —6"T; =0 (13) 


with ¢=Inf, ¢,=¢, The quantity w 1s the power of T™ 
Multiplying equation (13) by u, and using for T,,, = pot,,u,, We 
obtain on integrating (99 V =M) 


BGM =constant (14) 
where V/V =u" ,, and 7 =7s3,=—4—-g, g=a(G) We have 
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required that the nght-hand side of equation (12) be scale 
mvariant, #(GT,,,)=0 Equation (14) makes it clear that the 
power of m must be chosen consistently with the dynamical 
constraints of the theory, and not assumed a prion In fact 
because wz(m)=1-—g, a GB*=1 gauge yields w(m)=~-1, 
whereas GB = 1, the so-called non-matter creation case, yields 
a(m) =0 
The very fact that in equation (12) T, 1s taken to depend on 8 
implies, even without further qualifications, that we cannot use, 
without checking their validity, any of the standard relations 
(1a), (16) and (1c) because, strictly speaking, they are valid only 
for constant 8 The 8 dependence of microscopic relations, 
marking a sharp contrast with the BD theory, 1s the price one 
must pay for constructing a theory with a built ın two-tumes 
scheme and which at the same tıme preserves the agreement 
between observations and predictions for the fundamental tests, 
whose expressions ın atomic units can be derived by direct 
scaling of the corresponding gravitational expressions Because 
at any given time the scale function B(t) can be normalized to 
unity, a set of measurements at one time cannot reveal the 
presence of B In this sense, the SCT theory has preserved 
agreement with the three tests’ The scaling of gravitational 
expressions to obtain the corresponding atomic ones 1s all that ıs 
required when dealing with purely gravitational phenomena, 
like periods or distances of planets, which by assumption are 
given by Einstein equations and are constant with respect to 
gravitational clocks On the other hand, non-gravitational 
quantities must be derived consistently with equation (13), so 
that the influence of the function B can be fully accounted for 
This is a major endeavour because ıt calls for a reconstruction of 
mucroscopic physics, a process which, while accounting for the 
fact that £ can enter at any stage, must satisfy the following two 
constraints (1) the atomic clock ensuing from such theory must 
not depend on £, (2) the many-body behaviour of the theory 
must yield results consistent with the classical ones derived from 
equation (13) A typical example of such ‘matching’ relation 1s 
the continuity equation, p +p div} =0, which can be obtained 
both from equation (3) and from the Schrodinger equation. 
These requirements clearly indicate that the attempt at con- 
structing such theory 1s far more complex and difficult than that 
faced by Brans and Dicke Descending from the Einstein equa- 
tion to microphysics (thus running ın the opposite direction to 
the traditional one, which assumes the validity of the micro- 
scopic scheme and makes connection with gravity by going from 
a flat to curved space) has to my knowledge never been worked 
out ın detail In spite of this, we have already derived® the 
influence of B on several microscopic relations, and the cor- 
responding observational rmplications such as the energy versus 
frequency for a free photon, the adiabatic scaling law for a 
perfect gas, the equilibrium radiation versus frequency and 
temperature expression, and the luminosity versus distance 
relation (see also ref 5) No contradictions have yet appeared. 
Having clarified thts point, let us return to the original prob- 
lem of evaluating R as R(t) The full problem 1s very complex 
because we do not yet possess a full description of atomic 
interactions which determine the equation of state for an object 
like the Earth We can therefore present only a hopefully good 
approximation to the exact solution Returning to equation (13), 
and using for T,,, equation (6), we first separate out the rest mass 
contribution from the total energy density p, p =p )+u The rest 
mass part of equation (13) can be easily integrated The result 1s 
equation (14) The p—p,=u part satisfies the equation (U = 
uV) 
dU +pdV +[(1-—g)U +3pV ]dġ =0 (15) 


which ıs the first law of thermodynamics generalized to include 
the 8 terms’ Let us now write 


p =X kT|1+8T)Ž+CCT) (=) + | (16) 


where B (T) and C(T) are the so-called virial coefficients”? We 
first consider the perfect gas case, B =C =0 Using pV =NkT 
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and U=NkT/T and remembering that N~(6G)7', we 
integrate equation (15), with the results (y = 1+T) 


Gy- 
T~ (17b) 


For a more general derivation, valid for non-adiabatic trans- 
formations, see ref 5 

Note that there is no choice of gauge, a G versus £ relation, 
that reduces equations (17a) and (14) to equations (1b) and 
(1c), at least for y #1 In fact, to recover equation (1b), we must 
choose G ~ B”, which implies 8 <0, contrary to equation (11) 
This choice would also ımply M ~ B~°, not M ~ constant Tosee 
the consequences of equation (17a), we use it ın equation (1a), 
which has already been shown® to be valid ın the present 
framework 


R om MOTB- GG - 1/74) (£) OA es ale (18) 
B? B 


on using equation (14) The result is independent of y We 
therefore conclude that 


R B 
ech een EY Oo By 6 4)1072! ~j 19 
R B (2 75+0 64)10 yr (19) 


where we have used equation (11) The predicted valu2 of R, 
400 Myr ago, 1s therefore (Ry = 1) 


R=10110+0 002 (20) 
which can be compared with the recent palaeomagnetic result”? 
R=1020+0 028 (21) 


At first sight, the close agreement can be taken as justification 
for the approximations made to arrive at equation (18) 
However, a closer scrutiny revels that the result must be taken 
with great care First, as stressed in ref 12, an equation of state 
of the form of equation (17a), 1s not valid at the surface of the 
planet where p = 0 but p,#0 The criticism 1s clearly indepen- 
dent of G and 8 More important, however, 1s that the result 
R ~B implies that the radius of the Earth in einstein units 
Rg = BR 1s constant While possible, this result 1s not obvious 
because atomic quantities like e and m, which enter the relation 
Px aS Ppelpe) and therefore Rg, are not constant in einstein units 

Having discussed the limitations of equation (17a), we go 
back to equation (16) and include the interaction term B(T) in 
the form B(T)=—BT’™' We simulate in this phenomenolog!- 
cal way an attractive potential Although equation (17b) is valid 
when B =0, it ıs used because we are performing an approxi- 
mation to the first term Equation (16) then becomes (po = p for 
ease of notation) 


roan (QV e] o 


where y= 1+, Y =Y- Y, ¥,=2+(y—-Db An equazion of 
state for the Earth of the type (22) (for G = 1 and B = 1) has been 
proposed by Birch”’ with y = 7/3 and y, = 5/3 While equation 
(17a) allows an exact solution, equation (18), equation (22) does 
not For our purposes 


ç 


P ~i [12s S] 1/(3y—4) 03) 


where p 1s an average (but time dependent) density We further 
derive 

R 

Baat yoe 

R B D — 37a 
where D =3y-—4, æ =x(1—-x) t, x =(B/A)p* (G/B*)* For 
the values of y and y, given by Birch, we have r —1 = (2+ g)a/ 
(3 +2a), which for g = 1 ranges from zero (æ = 0) to 3/2 (a = 


(24) 
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co) The first value corresponds to equation (18), & = 00 ımphes 
x = 1, that ıs p =p,, not acceptable If p must vanish at p =p, 
then x =(f/p,)’ In spite of the large excursion im æ, the cor- 
responding variation 1n r — 11s only from 1 to 1 5 Taking a =1 
(x = 1/2, corresponding to p =8gcm"™*, p,=2 84 g cm™°) and 
g = 1, we have r = 1 6, so that 400 Myr ago 


R=1018+0 004 (25) 


in better agreement with equation (21) Finally equation (24) 
may alternatively be written, using equation (14), 
R_ (GM) 
R | GM 
to be compared with equation (2) As r 1s positive (at least for 
g +2>0) the SCT predicts a result qualitatively different from 
equation (2) for a constant mass M, a larger G implies a larger 
radius, not a smaller one 

The method used to arrive at equation (22) ıs not meant to be 
a microscopic derivation of the p versus (p, £) relation for the 
Earth, but only an heuristic approach to show how £ may enter 
the problem Even without 8, ıt is difficult to derve?” an 
equation of state for the Earth Because all the p = p(p) relations 
discussed in ref 22 contain no B and because £ = 1 corresponds 
to einstein units, one might be tempted to think that the relations 
in ref 22 are actually valid in gravitational units and that a 
simple scaling could then yield the corresponding atomic rela- 
tions This is, however, not the case Such a procedure would 
yield a relation where the difference of the power of p and that of 
(G/B) 1s unity, like the first term of equation (22) In turn this 
ylelds r= 1 ıt can be seen that r — 1 ıs directly proportional to 
the difference of these two exponents Furthermore, r=1 
implies Rg = constant producing difficulties already discussed 
With the present procedure, this does not happen The powers 
of p and that of (G/B) of the second term of equation (22) do 
not differ by one but by two An extra term (G/B”)7' appears 
which makes r #1 This extra factor, which breaks the symmetry 
that one would invariably get out of a simple scaling process, 
cannot be arrived at from gravitational units where B = 
constant 


(26) 





R ~(GMY, 


Lunar data 


Having derived equation (24) but having no estimates for 8/8 
from within the theory, we can either use palacomagnetic data 
for R/R and thus determine 8/8 (and possibly G/G), or we 
evaluate 8/8 from other data and then compare the resulting 
R/R with palacomagnetic data The only other data available 
are the rate of change of the Moon’s period measured in both 
atomic and gravitational units these are (P = 27/n 1s the period 
of revolution of the Moon) 


Nz (gravitational time) n (atomic tıme) 


(arc s cyr™?) (arc s cyr™”) 
~260+2 0 ref 23 —21 4426 ref 26 
~28 5&3 1 ref 23 —23 6415 refs 26, 27 
—30 0230 ref 7 —24 6+3 9 refs 26, 28 (27) 
~27 4+30 ref 24 
~30 6+3 1 ref 25 


where, because of equation (10), n=8n, A least-square fit 
analysis yields (6/8 ın 107"! yr~'), note that 1 cyr = 10? yr 


All equations Ne =—27 9740 78, B/B=2754064 (28a) 
First ng deleted ng =—29 114073, B/B=341+054 (286) 
Second ng deleted ng = —27 87 +0 91, 8/8 =2 694072 (28c) 


Because the value of 8/8 retaimıng all the eight equations turns 
out to fall between the other two, we have adopted this value, 
equation (11) Finally, ndependently of the way we determine 
8/B (palaeomagnetic or lunar data), the value of G/G 1s gauge 
dependent and 1s to be determined using the relations G/G = 
—gB/B, w(m)=1-g 
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Moment of inertia 


Using equation (24), and M = constant we obtain I/I = —2rB/B, 
or equivalently I/I = 2rG/G, with r >0 This result agrees with 
equation (A 16) of ref 29, because the G in equation (A 1) must 
be written as G, = G (B7/G Y = G1, due to equation (17a) 
If so, equation (A 16) becomes I/I =aG/G, with a= 
(3y —4)/10 >0 

This result ıs, however, of limited use because ıt 1s ın atomic 
units and ıt represents only the cosmological and not the total 
contribution to I/I, whereas the estimates reported in the 
literature are total variations—due to all possible causes, 
cosmological and otherwise—and they are all with respect to 
gravitational units To prove this last point, we must remember 
that the basic ingredient (see refs 30, 31) 1s the conservation of 
the total angular momentum for the Earth-Moon system Jg + 
Le=constant If the Earth 1s considered a point mass, this 
implies the conservation of the orbital angular momentum Lg, a 
law valid only with respect to gravitational units” In atomic 
units L scales hke L~ B?/G (~G for constant mass) (ref 6, 
equation 4 7) 

We now consider I;/I; from all sources and expressed in 
gravitational units While growth lines in fossils promised to be a 
valuable source of information*’, recent difficulties in inter- 
pretation have indicated that quantitative results are not yet 
possible** We shall therefore rely on ancient astronomical data 
(see Chapter 10, ref 31), and take equation (10 2 2b) from 
ref 31 and generalize it to include a non-constant Is We 
obtain 


ee 2 | (29) 


where y = (1+5)Lo/Jo, b accounting for the solar contribution 
H represents the contribution of the time variation of dynamical 
elements describing the size, shape and orientation of the Earth- 
Moon system If J=IQcosd¢, and L=M,.M,,/(M,+M,,) x 
R?*n(i—e?)'” cosi, then H =H (e, ¢, di/dt) (see ref 33) 

Ancient astronomical observations can be used?! to construct 
a relation of the form X, nge +Y, Qe =f, where X, and Y, are 
numerical coefficients and f 1s a function of the observed less the 
computed position of the recorded event As stated by 
Lambeck*? “the computed positions and locations” are arrived 
at “assuming purely gravitational motion”, further substantiat- 
ing our claim that the ingredients are the standard newtonian 
equations which hold only with respect to dynamical units with 
Gg and Mg constant Lambeck summarizes the results as 
follows 

ng=—28+2, O,=—1,100+100 (30) 

This value for ng 1s not substantially different from the one 
determined ın equation (28) Using Lo/Jo=4 89 and b =0 21, 
we obtain from equation (29) 


I 
== —(0 086+ 0 031) 10° yr"! +H (31) 
E 


To complete the computation we must now evaluate and then 
subtract from equation (31) the purely cosmological contnbu- 
tion This ıs done by remembering that I, ~M,R% ~ B*R?, and 
using equation (24) 


Tz) _,BR)_ ag pb- Pe 
(7) =2 aR 7 2 ~ 1) = (0 033 +0 008) 10° yr 
(32) 


The difference 


I I 
lz (=) = —(0 053 +0 032) 10° yr +H (33) 
Te Ig cosm 
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may now be attnbuted to geophysical phenomena such as the 
formation of the Earth’s core*® For the evaluation of H see 
ref 33 


Conclusions 


The question whether a viable theory of gravitation exists that 
permits equations (1a), (1b) and (ic) as they are, while G 1s 
taken to vary, has been investigated with the following results 

Standard Einstein theory can be formally generalized to 
include a non-constant G While equation (1a) remains valid, 
both equations (1b) and (1c) change in such a way that the final 
result ıs R = constant, demonstrating that G ıs actually a non- 
entity within the strict framework of Einstein 

In the BD theory, as by construction the matter lagrangian 1s 
not changed, equations (1) and (2) both hold However, ıt 1s 
believed that the BD theory faces difficulties, at least ın its 
present form 

Finally, while equation (1a) holds unchanged ın the SCT 
equations (15) and (1c) cannot be simultaneously satisfied The 
most interesting result, however, which transcends the parti- 
cular example equation (22), 1s that microphysics may be 
affected by a variable G This may seem unusual at first as 
microphysics contains no G thus creating the impression that it 
ought to be immune from whatever happens to G However, 
relations like the Boltzman equation, the radiative transfer 
equation, and the Navier~Stokes equations are derivable from 
and are consistent with the conservation law T*” , = 0 for the 
energy momentum tensor, a law which holds only if G 1s 
constant, as equation (13) shows The absence of G 1s actually a 
consequence of having chosen ıt to be constant 

More general derivations of classical non-gravitational rela- 
tions (such as, Liouville equation’, Boltzman distribution’, 
radiative transfer equation? and classical thermodynamics? í) ın 
which 8 does explicitly appear, are possible, 1f constructed 
consistently with the general conservation laws that follow from 
the Einstein equation For example, an equation of state of the 
form (17a) with y = 4/3 holds? ê for radiation (p, 1s replaced by 
the photon number density n,) Because 3p, =p, andn,T ~ py, 
p, ~(B’G™)T* It then follows that the Sun’s luminosity Lo 
scales hke Lo~8~'/k, where k 1s the opacity For constant k 
and constant rest mass, Lo~ G, contrary to the early statements 
that Lo~ G” (for details, see refs 4, 5) 

Our comparisons of the theoretical predictions with obser- 
vations must be treated cautiously The value of 8/8 denved 
from lunar data and used to estimate equations (20) and (25) 1s 
still subject to uncertainties due to the difficulties ın estimating 
the errors, there are also doubts concerning palacomagnetic 
data, or more precisely the assumptions made to arrive at 
equation (21) (ref 10, see, however, ref 34) Finally the evalu- 
ation of the function H, equation (33), 1s still fraught with large 
errors (see ref 33) 

We prefer, therefore, to focus the dependence of R on G If 
we write, in atomic units, 


R /R R 
— = | — +(— 34 
R (k ) cosm A other sources ) 


the present work predicts a reversal (compared with the stan- 
dard treatment, equation (2)), of the sign of the first term in 
equation (34) when written in terms of G/G, equation (26) 

This 1s m turn due to the new effect represented by the 
presence of G ın the p = p(p) relation the G ın the nght-hand 
side of equation (La) 1s overcompensated by the G~? factor in 
equation (17a), thus causing a larger G to correspond toa larger 
radius However, the evaluation of the second term ın equation 
(34) 1s outside the scope of this article, and we cannot conclude 
from our work alone that R 1s actually decreasing 
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Structure of catabolite gene activator protein 
at 2.9 A resolution 
suggests binding to left-handed B-DNA 


David B. McKay & Thomas A. Steitz 


Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, Connecticut 06511, USA 


The 2 9 A resolution crystal structure of Escherichia coh catabolite gene activator protein (CAP) complexed with cychc 
AMP reveals two distinct structural domains separated by a cleft The smaller carboxy-terminal domain ts presumed to bind 
DNA while the amino-terminal domain ıs seen to bind cyclic AMP. Model building studies suggest that CAP binds to 
left-handed B-type DNA, contacting its major groove via two a-helices It ts possible that the CAP conversion of nght- to 
left-handed DNA ın a closed supercoil, ıs what activates transcription by RNA polymerase 


REPRESSOR and activator proteins that regulate gene expres- 
sion at the level of transcription recognize specific nucleotide 
sequences in double-stranded DNA Although it has been 
suggested that specific recognition involves æ- helices fitting into 
the major groove of B-DNA’® or anti-parallel B- strands ın the 
minor groove’, no experimental evidence exists concerning the 
actual mode of sequence-specific interaction between protein 
and double-stranded DNA Also, the molecular mechanism by 
which gene activators promote the activity of RNA polymerase, 
thereby switching on genes, remains unknown We present here 
the structure determination of a protein that binds in a 
sequence-specific manner to double-stranded DNA and pro- 
pose a mechanism by which the catabolite gene activator protein 
is able to switch on the catabolite-sensitive genes 

The catabolite gene activator protein (CAP), also called the 
cycle AMP receptor protein, functions in Escherichia coli in 
the regulation of several catabolite-sensitive gene operons? ° 
Regulation by CAP 1s exerted at the transcriptional level with 
cyclic AMP acting as an allosteric effector In the presence of a 
sufficient concentration of intracellular cyclic AMP, cycle AMP 
forms a complex with CAP which binds to specific DNA sites 
near the promoters of several operons and alters the rate of their 
transcription by RNA polymerase In the lactose (lac)’ and 
arabinose® operons, the cyclic AMP-CAP complex 1s a positive 
regulator—it potentiates transcription In the galactose operon, 
the presence of two overlapping promoters for RNA poly- 
merase makes the situation more complex, cyclic AMP—CAP 1s 
required for initiation of transcription from one promoter, but 
inhibits transcription from the other Thus, in this case it 
apparently acts as both a positive and negative regulator of 
operon expression?” 

The active form of CAP 1s a dimer of identical subunits of 
molecular weight 22,500 and 201 amino acid residues!%?! 
Proteolytic cleavage studies are consistent with the CAP subunit 


having two separate structural domains’* Results from a variety 
of techniques!" suggest that CAP undergoes a significant 
conformational change on binding cyclic AMP 

To develop a structural basis for understanding (1) the cyclic 
AMP-induced allosteric transition ın CAP, (2) the site-specific 
recognition of DNA by CAP, and (3) the mechanism of tran- 
scription activation by CAP, we have initiated crystallographic 
studies of CAP and its complexes with ligands In this article we 
report the structure of the cycle AMP-CAP complex at 2 9 Å 
resolution 


Structure determination 


CAP protein was pumfied and crystallized in the presence of 
0 5mM cyclic AMP as previously described'*® The crystals are 
orthorhombic, space group P2,2,2,, a=465A, b=971A, 
c= 105 4A, with one dimeric CAP molecule per asymmetric 
unit 

Intensities of crystallographic reflections were measured by 
diffractometer, using the Wyckoff scan algorithm!? Friedel 
pairs of reflections were measured on native crystals and five 
heavy-atom derivatives, for derivative data sets only ~ 75% of 
the total reflections, consisting of those which were most intense 
in the native data, were measured Heavy-atom positions were 
located and refined by conventional methods”° and the correct 
enantiomorph of the heavy-atom positions was determined 
using anomalous difference Founers?’? A summary of heavy- 
atom derivative preparation and refinement statistics 1s presen- 
ted in Table 1 Combined multiple 1somorphous replacement 
and anomalous scattering phases were computed to 2,9 Å 
resolution and had an average figure of merit of 0 74 

Part of the electron density map 1s displayed in Fig 1 Most of 
the polypeptide backbone 1s well ordered and can be traced 
unambiguously ın both subunits, however, regions of local 
disorder are encountered at the amino termini, the carboxy 
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Table 1 The heavy-atom derivative preparation and refinement statistics 


No of 
heavy- Minimum 


atom resolution Resolution limits (A) 





sites (A) Raym 4000 2320 1160 7 73 5 80 4 64 3 87 3 31 2 90 
Ne Ne Ne S Nirman pt” Niamey E G 

Native 29 0 048 
MeHg(1) 5 29 0 063 f rms 292 380 361 368 272 262 257 308 

R. 034 036 037 035 041 053 053 046 
MeHg(II) 3 29 0 044 a ms 125 2 58 265 2 92 2 86 216 2 18 2 09 

R. 054 040 044 036 040 062 064 060 
K,ReCI, (I) 2 35 0 031 fen $ 175 122 129 170 115 0 82 0 84 

R. 037 059 066 063 071 07 098 
K,ReCl, (I) 3 35 0 032 bee 131 121 121 138 122 102 0 97 

R. 076 057 069 4064 072 090 083 
DMM 5 50 0 041 fms 133 178 182 2238 22 

R. 057 059 045 050 048 

Overall 
(m) 095 093 090 09% 083 075 070 065 074 
No of 
reflections 17 150 386 634 999 1383 2011 2578 8158 


Derivative soaking conditions MeHg(I) 1 mM methylmercuri-8- mercaptoethanol, 50 mM potassium phosphate, 0 5 mM cyclic AMP, pH 8 0, 1 
day MeHg(II) 0 1 mM methylmercur-B- mercaptoethanol, 50 mM potasstum phosphate, 0 5 mM cyclic AMP, pH 8 0, 1 day K,ReCl,(I) 1 mM 
K,ReCl,, 50 mM potassium phosphate, 0 5 mM cyclic AMP, 0 1 mM dithiothreitol, pH 8 0, 1-2 days K Rech) 2 mM K,ReCl,, 50 mM 
2[N-morpholino]ethane sulphonic acid, 50 mM KCI, 0 5 mM cyclic AMP, 0 1 mM dithiothreitol, pH 6 4, 2 days DMM a drop of dimethylmercury 
was placed ın capillary with mounted crystal and allowed to equilibrate for 3 days (m)=mean figure of merit 


Fi _ r Ens [Emer A R = Ern- Fr] -fal 
n ae n © SIF py—Fp! 
where I = diffraction intensity, fy = calculated heavy-atom structure factor amphtude, Fp= structure factor amplitude of native crystals, and 








sym gÍ rms 


Fpy = structure factor amplitude of derivative crystals Summations are overall reflections, n 


termini and a coiled structure in the smaller domain marked A 
and A’ 

Approximate a-carbon positions were obtained by placing 
markers on map sections and measuring their coordinates 
Polarity of the polypeptide chain was established from the tilt of 
the larger side chains on the a-helices Although many side 
chains are clearly visible ın this map, no attempt has yet been 
made to place the several fragments of amino acid sequence 
obtained by Schlesinger Cyclic AMP was identified because ıt 
was not continuously connected with the polypeptide backbone, 
included the most dense feature in the map (presumably the 
phosphate) and was too large to be an amino acid side chain 


Subunit morphology 


The CAP subunit is folded into two distinct structural domains 
(Fig 2) The larger amino-terminal domain has approximate 
overall dimensions of 25x30x35 Å It contains ~135 amino 
acid residues and consists primarily of a pair of helices (A and B, 
Fig 2) which lead into an antiparallel B-strand folded into an 
eight-strand 6-roll, also, a 40 A-long a-helix C connects the 
two domains and partially closes off one end of the interior 
pocket formed by the B-roll This helix extends from the small 
domain to the distal extremity of the large domain rather than 
forming a short, proximal bridge between the two domains The 
topology of the eight-strand B- roll, sometimes referred to as the 
‘Swiss roll’, has recently been observed, with minor variations, in 
three protein structures the ‘shell’ domain of tomato bushy 
stunt virus protein?*, Southern bean mosaic virus protein”? 
and influenza haemagglutinm “© 

The carboxy-terminal domain 1s smaller, with approximate 
dimensions 20 x 20 x 30 A It has about 65 amino acid residues 
and contains three distinct a- helices, D, E and F, the D helix 1s 
~24 A long, the F helix ~22 A long, whereas the E helix 1s 


rather short Much of the small domain consists of wrregular 
structure, some of which 1s partially disordered Although the 
electron density marked AA’ ın Fig 1 and corresponding to 
the region circled ın Fig 2 1s well above the background level of 
the solvent region, ıt ıs not sufficiently well defined to place 
a-carbon positions with complete assurance Thus, the poly- 
peptide path shown ın Fig 2 at the carboxy terminus of the D 
and F helices illustrates only the general folding of the subunit in 
these regions and the connections within the circled region may 
have to be altered when amino acid sequence data are fitted to 
the electron density map As the number of amino acid residues 
ın our model is very nearly that expected from amino analy- 
sis‘*7! no significant portion of the molecule can be missing 
from the model 

Although there 1s a distinct cleft between the two domains of 
the CAP subunit, noncovalent contacts occur between them that 
presumably stabilize the relative orientation of the domains 
Both subunits contain one simular region of noncovalent contact 
between their large and small domains the end loop connecting 
strands 4 and 5 of the £- rollin the large domain ısın contact with 
a loop of coil in the small domain In addition, ın one of the 
subunits, there 1s a second point at which the carboxyl end of the 
D helix may be within noncovalent contact distance of strand 5 
of the 8-roll of the large domain 


Dimer morphology 


As the structures of the two subunits of the CAP dimer differ, 
there is no unique dyad axis relating them (Figs 3-5) Qualita- 
tively, the cleft of one subunit appears ‘closed’ to the point of 
extensive van der Waal’s contact between the large and small 
domains while the cleft of the second subunit 1s ‘open’, that 1s, 
the two domains have different relative orientations in the two 
subunits Quantitatively, if the two large domains are super- 








Fig. 1 Part of the electron density map, 81 A honzontal by 71 A 
vertical by 10 A depth Only positive contours are shown, the 
contour interval 1s approximately one-sixth the maximum peak 
height The dashed line circumscribes one CAP molecule The two 
oblong lobes near the bottom of the map are the small domains of 
the molecule, the two helices running approximately vertically 
near the centre of the map are the C helices A, A’, coiled structure 
in the smaller domam, B, B’, positions of tight intermolecular 
contact between small domains and a large domain of a neighbour- 
ing molecule 


imposed by least-squares minimization of differences ın cor- 
responding a-carbon positions, a subsequent rotation of the 
small domain of one subunit by 28° 1s required to bring ıt into 
coincidence with the small domain of the second subunit The 
‘hinge’ region of the molecule appears to consist of approxi- 
mately four to five amino acids in the region connecting the C 
helix to the small domain This kind of conformational 
difference between chemically identical subunits has been 
widely observed, such as in yeast hexokinase”*, tomato bushy 
stunt virus coat protem”, immunoglobulins*® and alcohol 
dehydrogenase”® 

Interactions between the two subunits are through direct 
contact along virtually the entire length of the two C helices, and 
contact of the 8- roll of one subunit with the central region of the 
C helix of the other No direct contact between the two small 
domains ıs apparent 

Although the entire dimer does not possess an overall 2-fold 
axis, the two pairs of domains are each related by separate 
rotation axes These two rotation axes have been obtained by 
computing the rotation required for least-squares minimization 
of the difference in corresponding a-carbon positions of each 
domain The results are summarizedin Fig 3 The large domains 
appear to be related by 2-fold symmetry (computed rotation 
179 2+1 1°), the small domains may have a small distortion 
from dyad symmetry (computed rotation 186 7+3 7°), the 
angle between the rotation axis relating the large domains and 
that relating the small domains 1s 13° The extensive contact 
between large domains suggests that these two domains mam- 
tain the same relative orientation in the presence and absence of 
various ligands The observed asymmetry ıs, therefore, probably 
generated by an alteration im the orientation of a small domain 
relative to the large domains 


Cyclic AMP binding 

The electron density map contains density for two cyclic AMP 
molecules of equal and full occupancy per CAP dimer, as 
anticipated from data on cychc AMP binding to CAP m solu- 
tion?’ The cyclic AMP 1s completely buried within the mterior 
of the B-roll of the large domain The peak of highest electron 
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density in the cyclic AMP molecule and the entire map 1s 
presumed to be the phosphate Further indication of the orien- 
tation of the nucleotide ıs provided by crystals soaked ın a 
solution of 8-bromoadenosine-3’, 5’-cyclic monophosphate (8- 
Br-cyclic AMP) The cyclic AMP seems to be oriented with the 
phosphate bound ın the loop connecting strand 6 to strand 7 ın 
the 8-roll, with the nucleotide base ın proximity of the two C 
helices Whether the cyclic AMP makes direct contact with one 
or both of the C helices, and whether the two cyclic AMP 
molecules per dimer are bound identically cannot be determined 
conclusively at this stage The finding*’ that cyclic AMP shows 
negative cooperativity in its binding to CAP ın solution may 
explain the formation of the asymmetric dimer observed ın the 


crystal 


CAP domain structure and function 


The crystal structure of CAP shows that the subunits consist of 
two distinct structural domains which may be generally true for 
allosterically controlled gene regulatory proteins Limited pro- 
teolysis sudies of E colt lac repressor**-*°, bacteriophage A 
repressor?! and CAP”? Y suggest that these proteins have a small 
DNA-binding domain and a larger domain that binds allosteric 
effectors and/or holds the subunits together In all three cases it 
now seems that there 1s little, 1f any, direct interaction between 
the two DNA-binding domains 

Proteolytic cleavage of the lac repressor in appropriate 
conditions yields two separate protein fragments”??? a tetra- 
meric core that binds inducers, and a smaller monomeric domain 
having 51-59 amino acids, depending on the protease used The 
small domain retains nonspecific? and operator-specific*” 
DNA-binding activity but does not bind inducers Simularly, 
proteolytic cleavage of the A repressor yields a dimeric core 
devoid of DNA-binding activity and monomeric domains which 
bind both nonspecific and A operator DNA?! 

It has been demonstrated that lmuted proteolysis of CAP 
yields an amino-terminal fragment of subunit MW 12,500, 
which still forms dimers and binds cyclic AMP but has lost tts 
cyclic AMP-dependent DNA-binding activity’* Isolation of a 
second intact carboxy-terminal fragment and determination of 
its cyclic AMP- and DNA-binding activities have not been 





Fig. 2 Schematic drawing of the CAP promoter in the closed 

conformation The numbered arrows represent $-sheet, the 

lettered cylinders a-helices The binding site for cyclic AMP ın the 

B-rollislabelled The dashed line circumscribes the region which 1s 
not well ordered in the electron density map 
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Fig.3 Schematic diagram of the molecular symmetry of the CAP 
dimer The rectangles represent the large N-terminal domains, the 
triangles the small C-terminal domains 


reported Nevertheless, by analogy with the lac and A repressors 
one might presume that the small domain of CAP binds to DNA 
while the larger domain binds the cyclic AMP and forms dimers 


Interaction of CAP with DNA 


It has not proved possible to observe DNA binding to these 
crystals Crystals soaked ın solutions containing short (6-10 base 
pairs) oligodeoxyribonucleotides become substanttally dıs- 
ordered Because the small domains form tight intermolecular 
contacts with a large domain of a neighbouring molecule 
(regions B and B’, Fig 1), the most plausible DNA-binding 
surface of the small domains ıs inaccessible to oligonucleotides 
Thus, direct study of DNA binding in this crystal form 1s 
probably impossible To determine experimentally the structure 
of CAP bound to DNA, ıt will be necessary to co-crystallize 
CAP with an appropriate oligo-DNA 


Fig. 4 Stereo drawing of the a- 
carbon backbone of the CAP dimer 
interacting with 22 base pairs of left- 
handed B-type DNA One CAP 
subunit 1s drawn with dashed lines, 
the other subunit with solid lines 
The coordinates for the DNA were 
derived from parameters given in 
ref 37 and are presented in a space- 
filling representation using standard 
van der Waals radu Note the extra- 
ordinary degree of general structural 
complementarity which extends over 
18-20 base pairs (65-70 A) of DNA 
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We have turned to model building to identify the DNA- 
binding site on CAP Although we have not yet incorporated 
side chains into our CAP model, three general characteristics 
should be exhibited by the DNA binding site (1) We expect a 
large degree of general structural complementarity between 
DNA and the potential binding site (2) The correct CAP-DNA 
model must provide a structural basis for explaining the chem- 
ical protection*’ ** and ‘footprinting’ (A Schmutz, personal 
communication) data obtained on the CAP site of the lac 
operon (3) Because the sequence of the CAP binding site at the 
lac promoter has a high degree of 2-fold symmetry, CAP 
probably binds to DNA with the approximate 2-fold axis that 
relates the two small domains coincident with the approximate 
2-fold axis in the CAP site Our conclusion 1s that the only model 
of interaction between a CAP dimer and DNA that adequately 
meets these three criteria requires that CAP binds to a left- 
handed, B-type DNA 

We have examined several possible modes of binding, and 
find only two ways ın which a DNA molecule could interact with 
both small domains of a single CAP dimer with the approximate 
2-fold axes of DNA and CAP coincident Both ways involve the 
22 A-long F helices that are a dommant structural feature of the 
small domains, and are related by the approximate 2-fold axis 
between the small domains, are nearly parallel to each other and 
have their helix axes separated by about 34 A Furthermore, 
these helices are inclined at ~65~-70° to the hne connecting their 
centres 

The most complementary mode of interaction between the 
DNA and CAP 1s suggested by the 34 A spacing and tilt of the 
2-fold-related F a-helices These two a-helices can fit snugly 
into two successive major grooves of left-handed B-DNA”* (Fig 
4) In addition, the extended polypeptide chain 1s correctly 
positioned to interact with the sugar~phosphate backbone on 
either side of the two a- helices (Figs 4, 5c) Placing the a- helices 
in the major groove accounts nicely for the L8 and L29 muta- 
tions*®, methylation protection at the N?” of two pairs of 
guanines and the UV light-induced cross-linking of two sym- 
metry-related thymines****, because all these residues then 
interact with these helices (Fig 5c) Furthermore, the phosphate 
moieties implicated by chemical modification to be interacting 
with CAP are almost all near the polypeptide backbone (Fig 
5c) In this way the protein can interact with at least 18-22 base 
pairs of DNA ın a manner consistent with the footprinting data 
(refs 8, 34, 37 and A Schmitz, personal communication) which 
show CAP protection spanning 25 base pairs 

Left-handed B-DNA has recently been shown to be a stereo- 
chemically acceptable conformation? Note that CAP cannot 
interact with left-handed Z-DNA*®**?, because the pitch 1s too 
large (45 A) and there are no major grooves for the helices 
to fill Furthermore, a purine—pyrimidine alternating sequence, 
requisite for formation of the Z-DNA helix, 1s not present in any 
known CAP recognition sites Nevertheless, the known crystal 
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Fig.5 a, Sequence of the CAP-binding region of the lac operon 

Boxes enclose regions of 2-fold symmetry in the sequence b, 

Space-filing model of mght-handed B-DNA, with proximal 

regions of the protein a-carbon backbone superimposed Contact 

sites predicted from chemical modification studies?’ 34 are shaded 
c, The same for left-handed B-DNA 


structure of left-handed Z-DNA and the stereochemical possi- 
bility of left-handed B-DNA suggest that the energy difference 
between left- and mght-handed DNA may not be large and that 
stabilization of a left-handed DNA by a protein might be 
possible 

In contrast, a complementary interaction between CAP and 
right-handed DNA 1s not possible (Fig 6) In this case the F 
a-helices are skewed relative to the major groove and make 
contact only with a portion of the sugar-phosphate backbone 
No protein can project into either groove to make specific 
contacts This model does not account for the methylation 
protection, mutations or cross-linking observed with bases ın the 
major groove 

Structural rearrangements of CAP which would allow ıt to 
bind with its F helices in the major groove of right-handed 
B-DNA are highly implausible Rotation of the F helices by 
60-70°, while constraining their centre-to-centre distance at 
34 A, would be required Rotation of the small domains about 
the hinge points changes the centre-to-centre spacing of the F 
helices and hence 1s excluded Rotation of the individual helices 
by 60-70° about their centre points would maintain the 34 A 
spacing, but would require a major refolding of the small 
domains As the crystals are grown in the conditions in which 
CAP binds specifically to DNA in solution, we expect that the 
observed crystal structure 1s in the active DNA-binding con- 
formation By analogy with virtually all other known protein 
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examples, there 1s no reason to expect that the structure of 
CAP in the crystals differs significantly from its structure in 
solution 

The only other model of DNA bound to CAP that we 
seriously considered was right-handed B-DNA placed in the 
shallow depression formed primarily by the two parallel F 
helices (model not shown) In this model the long axis of the 
DNA runs parallel to the F helices and makes minor contacts 
with the proximal ends of the D helices Such a model seems less 
plausible because (1) the length of protein contact along the 
DNA hehx would be only 35 A or 10 base pairs, (2) contact of 
CAP along the DNA phosphate backbone would be along 
alternate sides of the helix, rather than along one face, and (3) 
there would be no structural complementarity between protein 
and either the major or minor groove of DNA 

Thus, we conclude that only left-handed DNA, bound to CAP 
as shown in Fig 4, accommodates all the relevant data At least 
two experimentally verifiable predictions are made by this 
model First, the inclusion of amino acid side chains ın the 
protein model should provide a DNA-binding site which 1s 
complementary to left-handed B-DNA in hydrogen bond 
donors and acceptors and charge interactions, as well as in 
overall shape as shown here Second, specific binding of active 
CAP to appropriate CAP sites should reduce the winding 
number ın closed circular DNA by about four, although 
nonspecific binding of either active or inactive CAP would 
probably not Both experiments are ın progress 

A possible mechanism by which cycle AMP might exert its 
allosteric effect on specific CAP binding to DNA 1s suggested by 
the model of CAP-DNA (Fig 4) and the two different oren- 
tations of the small domains observed in the two subunits If the 
removal of cyclic AMP changes the orientation of the small 
domain of one subunit relative to 1ts large domain, then the 
DNA-binding site would be destroyed It would not be 
unreasonable for the two subunits to have the same structure 
(e1ther both ‘open’ or both ‘closed’) ın the absence of cyclic AMP 
and the dimer a 2-fold symmetry axis A hgand-induced change 
in relative domain orientation has been demonstrated ın hexo- 
kinase** and alcohol dehydrogenase”® 


Formation of left-hand B-DNA could activate 
transcription initiation by RNA polymerase 


We suggest that CAP activates transcnption by destabilizing, or 
melting, a right-handed DNA helix within the promoter region 
The significantly different positions of the known CAP-binding 
sites relative to the promoter in the lac****, gal” and ara® 
operons rule out the possibility of a unique protein-protein 
interaction between CAP and RNA polymerase Also, the 
observation that inhibition of DNA gyrase activity ın vivo 
inhibits the expression of catabolite-sensitive genes*®, and the 
more recent in vitro observation that in the lac operon, CAP 
stimulation of polymerase activity 1s most effective when the 


Fig.6 Stereo drawing of a model of 
CAP and right-handed B-DNA“* in 
approximately the same orientation 
asin Fig 4 In this figure the DNA 
has to be moved further from the 
protein to avoid overlap of the F 
helices and the sugar-phosphate 
backbone The contact surface 
between these macromolecules 1s 
strikingly less than in Fig 4 
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promoter and CAP site are in negatively supercoiled rather than 
relaxed linear DNA (W R McClure, personal communication), 
demonstrate that CAP 1s most effective when it 1s energetically 
favourable to unwind, and remove negative supercoils from a 
closed circular DNA helix‘! 

Thus, although we do not know specific details of the tran- 
sition, we propose that CAP traps specific regions of DNA in a 
left-handed helical conformation, and that the right-to-left 
helix transition denatures nearby regions of the helix ın the 
promoter*’, possibly the region specifically unwound by RNA 
polymerase 1tself** 

Anderson, Ohlendorf, Takeda and Matthews have recently 
determined the course of the polypeptide backbone of A cro 
protein and find that this repressor protein has two a-helices 
separated by 34 A that can fit well into the major groove of 
right-handed B-DNA 
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These data suggest the following general model for proteins 
that regulate gene transcription (1) Two DNA-binding domains 
related by (approximate) 2-fold symmetry bind to one side of the 
DNA helix at the site of (approximate) 2-fold symmetry 
(2) Base-specific recognition can be accomplished by a-helices 
of the protein binding ın the major groove of B-type DNA 
(3) Repressors, by binding to right-handed B-DNA, stabilize the 
right-handed helix and act as ‘anti-melting’ protems, CAP 
protein, by binding to a left-handed helix, destabilizes the helix 
and facilitates binding and initiation by RNA polymerase 
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flanking the two types of 
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The two types of Drosophila melanogaster rDNA insertion occur at different sites in the 28S gene, separated by 51 
nucleotide pairs. A short segment of rDNA 1s deleted at the site of the 5 kilobase type I insertion, whereas there ıs no such 
deletion of rDNA sequences which flank the type II insertion Type I insertion elements in tandem arrays are flanked by very 


short segments of the 28S rRNA gene 





A LARGE proportion of the ribosomal genes of Drosophila 
melanogaster contain an intervening sequence in the 28S rRNA 
gene?“ There are two types of intervening sequence which have 
been termed the type I and type II insertions The type I 
insertions are found in about 60% of the rDNA units of the X 
chromosome” and the type II insertions in about 15% of the 
rDNA units of both the X and Y chromosomes®*’° Physical 
mapping studies showed that these two non-homologous types 
of insertion are apparently located within the rDNA at identical 
sites, suggesting that there might be a structural feature of this 
region which could promote either the acquisition or loss of 
these elements A high proportion of type I sequences 1s also 


present in the chromocentral heterochromatin’™’’, linked 
together in tandem arrays’* As far as 1s known, the type II 
insertions are only found in ribosomal! gene repeats 
Intervening sequence elements have subsequently been 
reported in the distal part of the gene for the large rRNA of 
several other organisms’*~'* The nucleotide sequences at the 
junctions between the gene and the intervening sequence have 
been determined for the 28S gene from Tetrahymena’’, the 
chloroplast rDNA from Chlamydomomas” and the mitochon- 
drial rDNA of yeast?’ In none of these cases 1s ıt possible to 
recognize a consensus sequence which might serve as a recog- 
nition site for enzymes which process the primary rRNA 
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Fig 1 Sequencing strategies The physical maps presented show cloned 


58S 
28 2805% 235 185 ” 
pDm238 CE a W772 fragments of chromosomal DNA which contain representative arrange- 


CNST) S ments of the rDNA insertion sequences Subcloned fragments of these 
H M -DNAs which contain the junction of the insertion sequences with their 

p2388m ZA —— i flanking sequences are shown beneath each map The construction and 

oH isolation of the original genomic clones cDm103°! 34, cDm219*?, cDm264?° 


and cDm207° have been described elsewhere The D melanogaster DNA in 
pDm238 originates from the same set of randomly cloned segments as 
na Rn i ae ai cDm219, cDm264 and cDm207, except that ın this case a 12-kilobase EcoRI 
cDM 103 fragment from the original clone has been subcloned into the plasmid 
CINS ID r 48s pBR322 All the subclones described were constructed in the appropriate 
i os. sites of pBR322 as previously described’? The exceptions are p238BH1 and 
p03 we ae ZA oc4 p103BH1, ın which the vector 1s pAT153%?, a non-mobilzable derivative of 
J pBR322 The restriction site symbolized as Bam HI/BglII represents the 
product of ligating Bam HI and BglII teram in the vector and the Droso- 
phila DNA, respectively Only those restriction endonuclease cleavage sites 
used for either subcloning or sequencing are shown The arrows beneath the 
1 | 4 2i 3 i 4 i 5 maps of the subclones indicate the extent and direction of the sequences read 
cDm 219 from various restriction sites All sequencing was performed using the 
woo" gee y techniques of Maxam and Gilbert®* In each of the maps of the original 
seer" vee ` , clones, the ribosomal genes are indicated by filled blocks, the type I 

zA- aie S a i a za insertions by horizontal hatching and the type II insertion by dotted shadin 
i Pas Zue a 2 oa These regions are not aie m the audae The plasmid vectors met 


indicated by cross-hatching 


$ 8s 
chm 264 C+ — lt 1-422 transcript, such as has been postulated for genes transcribed by 
22 





GNS E) Ea RG RNA polymerase II**. Contrary to these cases, it 1s not certain 
o | ao whether those genes from D melanogaster which contain the 
pesso — ta AH Eass RH23 type I insertion sequence are transcribed into functional rRNA, 


as full-length transcripts corresponding to the gene and inter- 
vening sequence are extremely rare?” and furthermore, there 


E ak are rDNA units within the genome which do not contain inter- 

cDm 207 a usc oes Recraeey 
CNS ii/TD = We describe here the nucleotide sequences of the junctions 
between rDNA and the insertions and show that the two types of 
p207BS2 mabe 2 paars insertion occur at sites which are 51 nucleotides apart The type I 


msertion occurs at an analogous site to the insertion m Droso- 

phila vinhs rDNA****, but in all our clones we find that by 

4 Hind + Bs -p EcoRI -E-Heelll pH! comparison with the D vnls sequence, 22 nucleotides of 
fo Akb i oe eae rDNA are deleted to the left-hand side of the insertion There 1s 
ape er er ° no such deletion in the rDNA sequences flanking the type II 


~ 
Way 


ome 


% 


TTGGGGAATCCGACTGTCTAATTAAAACAAAGCATTGTGATTGGC 
4-150 4-140 +~130 ¥=120 


~ a 


$ 


CCTAGCGGGTGTTGACACAATGTGATTTCTGCCCAGTGCTCTGAATGTCAAAGTGAAGAAATT CAAGTAAGCGCGGGTCAACGGCGGGAGTAACTATGAC 






F110 4~100 t-90 t-80 499 tago t-50 teno t-30 t-20 

Tp TYPE Iı TYPE I 
81 p* g2 
TCTCTTAAG ETCOCTATTAL ATCTAGCGAAACCACA 
+39 ty 4410 +429 ae 9 tay 9 o 0 +60 +47 9 tigo 


GCCAAGGGAACGGGCTTGGAATAATTAGCGGGGAAAGAAGACCCTTTTGAGCTTGACTCTAATCTGGCAGTGT AAGGAGACATAAGAGGTGTAGAATAAG 
¥+9 9 44100 +4110 ¥4120 44330: 44140 +4350 44169 +4170 44189 


xy 


TGGGAGATATTAGACCTCGGTTTGGTATCGTCAATGAAATACCACTACTCTTATTGTTTCCTTACTTACTTGATTAAATGGAACGTGTATCATTTCCTAG 


44190 44200 +4210 +4220 44230 +42 40 t4250 44260 +4270 t4280 
` CCATTATACGGATATATTTATTATATCTTATGGTATTGGGTTTTGATGCAAG 
+4290 44300 44310 ° +4320 44330 44340 


Fig 2 Sequence of a 497-nucleotide segment of the 28S8 gene This sequence was primarily obtatned from p238BH1, a subclone of an uninterrupted unit of rDNA 
(see Fig 1) Plasmid DNA was labelled for sequencing either at the Hin dIII site by ‘filing in’ the cohesive terminus using reverse transcriptase or at the Haelll site 
using terminal transferase-mediated addition of an a-labelled mbonucleotide** The sequence of the equivalent regions in cDm103 and cDm264 have also been 
determmed using comparable labelling techniques (see Figs 3 and 6 legends) Other than a short deletion of rDNA sequences, 8”, in cDm103 (see text) there are no 
differences in the segments of rDNA which have been sequenced in these plasmids The two ‘halves’ of the 2858 gene on either side of the insertion are termed £ 1 and 
B2 We have arbitrarily begun our numbering from the position of the type I msertion which 1s marked with an arrow In 28S8 genes containing the type I sequence, 
the 8” segment ıs substituted by the insertion The 8* sequence ıs analogous to a segment of rDNA which 1s duplicated m D vinhs rDNA units containme 
insertions**, and which 1s also present m the clone cDm219 The f8” segments also present ın cDm219 whereas B‘ and adjoining B 1 sequences are not The diviston of 
the 28S8 gene into these units 1s to facilitate comparisons between various plasmids and does not necessarily denote any functional significance of these regions The 
arrow marked Tp mdicates the postion of the intervening sequence in a homologous region of the 28S gene of Tetrahymena pigmentosa ?* 
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a Left end 


D melanogaster (0m703) 
gp! 


GCGCATGAATGGATTAACGACGGACGrerrrrcorr 


D virilis (DvL3-8} 
gB’! gpt? g* 


GCGCATGAATGGATTAACGAG ATTCCTACHGTCCCTATCTAG I CTCAGTTICGITICA 


b Right end 


D melanogaster (Dm103) 
B* B2 


LPEGAAAAAAGCATACA rffGTCCCTATCTAC CTATCTA ATCTAGCGAAAC 


D virilis (DvL3-8) 
B* B2 
AAGCCCACTGACTITCANT GTCCCTATCTAQTATCTAGCGAAAC 


Fig. 3 Comparison of the junctions of the type I msertion m D melano- 
gaster YONA with those of the insertion in D ums rDNA The D viris 
sequence shown ıs taken from Rae et al ** The sequences at the junctions of 
the type I insertion of cDm103 were obtained from the subclones pC4, pC25 
and p103BH1 labelled by a ‘filling-in reaction’ with reverse transcriptase 
The extent of the sequence determined for the Dm103 insertion m these 
experiments 1s indicated in Fig 4 Segments of the 2886 gene are indicated 
above the boxed-in sequence and the insertion sequence 1s 1talicized 


insertion The chromocentral type I insertion elements occur- 
rng in tandem arrays are separated by short DNA segments 
identical to parts of the 28S gene which flank the type I insertion 
m rDNA. We also analyse the structure of a segment of rDNA 
which has a 28S gene containing both types of insertion 


"220 47210 47200 4-190 


Dm219 
0m103 


p120 4-110 4-100 4-90 


Dm219 
Dm103 


RIGHT END g* 
4729 eri 8 4-0 


Dm219 
Dm103 [ 
Dm207 [ 


445 8 ¿t6 è 447 8 4+8 g 


Dm2 19 
Dm103 
Dm207 G 


¿+150 44160 ¿+170 


Dm219 
Dm103 
Dm207 A AA A A 


¿+240 44250 
Dm? 19 


44340 44350 


Dm219 GACCACCATTGGACAA 


¿+180 


TATTAACAATAAATTT TTGGAAATTTTCCACTCCGCACGTGTTGTGAG 
A G A Aà 


44260 44270 4280 


Location of insertions in the 
28S rRNA gene 


The 28S rRNA of D melanogaster consists of four poly- 
ribonucleotide chains—-the 2S RNA, 5 8S RNA, 28Sa RNA 
and 2858 RNA—which are held together by hydrogen bonding 
The relative positions of the DNA coding for these molecules 
are shown on the physical map of pDm238, a cloned rDNA unit 
which does not contain an insertion sequence (Fig 1) The 
positions of type I and type II insertion sequences within the 
2888 gene can be seen on the maps of the cloned segments 
cDm103'? and cDm 264", respectively The insertions divide 
the gene into two regions which have been termed 28S8 1 and 
28882 (Fig 1) We have subcloned a restriction fragment from 
the uninterrupted unit pDm238 which contains the sites for the 
msertions, and restriction fragments from cDm103 and cDm264 
which contain the junctions between the 28S gene and the two 
insertion types Figure 1 also shows restriction maps of these 
subcloned fragments and the DNA sequencing strategy which 
we followed to obtain a precise localization of the msertion 
elements within the gene 

The sequence of the 28S gene ın the vicinity of the insertions 
1s given in Fig 2 The sites of the insertion elements are evident 
by comparing this sequence with that of the comparable regions 
from cDm103 and cDm264 (see below) The two types of 
insertion occur at different sites within the 28S8 gene, separated 
by 51 base pairs The type II sequence 1s located at a site just five 
residues away from the position of the intervening sequence in 
the 28S gene in some strains of Tetrahymena'® The type I 
sequence ıs found at an analogous position to the insertion in the 
rDNA of D vnls™ The sequence of this same region in 
D inlis 1s highly homologous and shows only a few single-base 
differences with the D melanogaster rDNA 


4-180 4-170 4-160 4-150 4-140 4-130 
CCTCAGCAAAGGGGGAGTACTTGCCCGGGTAGCAAGTACTCGAATTGCTACCGGGGTGGTCGCTATGTACATAGCTATAGTTTCTAGTCCGGGACGCCTG 
[ 


4770 450 4-58 -#0 4730 


TCTGGCGTATCCAGACACATGCACCATATGCTCACTTGTGGGTGTATAGGGTGCCGTGGTTGTAATCCCTTCAGTGTGGAACACGCCACGTAAAACAAGT 


gt! LEFT END 


78 eth 8 4426 4328 4450 


TCGAGGGATCC3AAAAAAGCATACATITGTCCCTATCTAQGCGGATGAATGGATTAACGACGGACGTGTTTTCGTTGCGCTCGTGGACATATTGCGAAGAA 
4 


4 G 


4490 441090 4+1 1& 44120 yt} 36 FINO 


CTTAGTTTTCCGTATT TGGAAGTAAACAAATAGGTAATTTAGTGTTCCGTGGAAGTGGTGCGCAAATTTTCGCGATTCAAAAACAAGC GCTTTGGAAGT 
T T G AA 


AT G 


AALAAAAAAAAAAAAAAAAAAA C 


gti sod ¿t2008 ¿t2106 44220 44230 


GCGAGCTTGCGGGTGAGGCTTTTCGAAGAGCTGTGAGAAGCTTATTGGT 
CG A A j 
A A ] 


4+290 44300 ¿+310 94320 ¿+330 


GGTAGTCACTGCTAAGGGTTGTGTCTTGGGACAGCTTAGTGCACACATAGCAACTAGCCCGTGTCAGTGAGCATACGATTGCTGGATTCGACAAAAGGAG 


Fig4 Type insertions The continuous sequence from the junction of units 3 and 4 from cDm219 (Fig 1) The two short segments of rDNA sequences 8 * and 8” 

shown in boxes, occur at this junction (see text) Nucleotides O to —226 are from the right end of unit 3 and 0 to +337 are from the left end of umt 4 Sequencing was 

performed from the indicated HindIII and BsrI sites labelled at 5‘ termini using polynucleotide kinase and [y-**PJATP (Fig 1) A comparison is also given of type I 

sequences from cDm103 and cDm207 determined as indicated in the legends to Figs 3 and 6, respectively Only the differences between these sequences and that of 

Dm219 are indicated A Indicates a deleted nucleotide The extent of the sequence determined for these clones 1s indicated by brackets The right-hand end sequence 

of the Dm 103 insertion comes from the subclones pC25 and pC4 and extends into the 8 2 region of the 28S gene The left-hand sequence of the cDm103 insertion 1s 
from p103BH1 and extends into the 28881 region The left-hand sequence of the cDm207 type I sequence 1s from p207RH16 (see Fig 6) 
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Differences between the junctions of the 
major insertion in 
D. melanogaster and D. virilis 


Rae et al” have demonstrated that ın D virilis rDNA a 14- 
nucleotide sequence present only once at the site of the insertion 
in the uninterrupted rDNA unit 1s repeated on both sides of the 
insertion We find that the type I insertion in cDm103 1s at this 
same site, flanked on its right-hand side by the same 14- 
nucleotide sequence as found in D virilis which we have called 
B* (Fig 2) The structure of the left-hand side differs from that 
of D vinhs There1s no 8 *sequence and, furthermore, there 1s a 
deletion of nme residues of rDNA which we have called the 8” 
segment (Fig 3) 

The arrangement of the 8* sequence in D virilis resembles 
that found at the insertion sites of transposable elements of both 
prokaryotic”® and eukaryotic?”**® organisms The occurrence of 
an insertion at the same site in D melanogaster suggests that if 
the insertions arose in the rDNA of ancestral Dipteran species as 
a result of transposition, then the resulting unit has been 
reasonably stable throughout evolution Alternatively, the 
duphcation of the 8 *¥ sequence may be analogous to the dupli- 
cation of att site sequences resulting from homologous recom- 
bination which occurs between the genomes of Escherichia coli 
and its lambdoid phages” In this case site-specific recom- 
bination would perhaps be a continuous process in the rDNA of 
Drosophila species The deletion of rDNA sequences from the 
left-hand side of the D melanogaster insertion is also analogous 
to the type of deletions that can be generated on excision of 
either prokaryotic transposable elements or lambdoid pro- 
phage Although rDNA units containing such deletions are 
clearly stably maintained to some extent within the genome it 
remains of interest to know whether there are rDNA units 
within D melanogaster which have the duplicated segments 
found in D vmis This would help answer some of the above 
questions 


Small rDNA segments occur in the 
chromocentral type I sequences 


As many as 50% of the type I sequences are not inserted into 
rDNA but are located within the chromocentral hetero- 
chromatin and also at a single site on chromosome 4 1n band 
102C’"* The cloned DNA segment cDm219 originates from 
the chromocentral heterochromatin and contains five discrete 
units of the type I sequence arranged in tandem We have 
determined the sequences between the junctions of the units of 
cDm219 following the strategy outlined in Fig 1 The sequence 
at the junction of units 3 and 4 of the tandem array 1s given ın 
Fig 4, where the sequences corresponding to the left- and the 
right-hand ends of the rDNA insertion have positive and nega- 
tive numbers, respectively At the left hand of these units we find 


D melanogaster- INSI 





pDm 238 
pt B B Bp p* p2 
cOm103 
pt p p } p* pa 
cOm219 \ 
i p* p” I p p Į 
D virilis 
povi 3-8 


yp P P P P* INS p* p2 


Fig 5 A schematic companson of the segments of the 2888 gene which 
fank the type I insertions in cDm103 and cDm219 with those flanking the 
insertion m D viridis rDNA 


20 nucleotides of rDNA, the 8” segment, the same segment of 
the 2888 gene which flanks the left hand of the type I insertion in 
rDNA (Fig 3) At the mght-hand end of these units the B* 
segment flanks the insertion as in Dm103 (Fig 3), and at the 
junctions between the tandemly arranged units of cDm219 the 
B” segmentis linked to the 8 * segment The relative positions of 
these small segments of the 28S8 gene which flank the type I 
insertion of D melanogaster rDNA and the mnsertioninD virilis 
rDNA are shown schematically in Fig 5 The finding of short 
segments of rDNA which flank units of chromocentral type I 
sequences strongly suggests that type I elements can be trans- 
posed from the nucleolus and that co-transposition of adjoining 
rDNA segments can occur during this process The excised unit 
could then be amplified either by autonomous replication or by 
unequal exchange following integration mto its new 
chromosomal site Ifthe insertion elements of both D virilis and 
D melanogaster are indeed mobile, these observations would 
suggest that only the nght-hand B* element 1s required for 
transposition Perhaps tt ıs significant ın this respect that within 
the rDNA sequence to the right of B* in both D vinhs and 
D melanogaster there 1s a direct duplication of part of the B* 
sequence (residues 66-79, Fig 2) 

The continuous sequence given in Fig 4 1s that of the 
junctions of the cDm219 subclones pB2 and pB7 We have also 
sequenced about 200 residues on erther side of the junctions in 
other subcloned type I units of cDm219, and have found no 
differences between these junctions and the sequence shown in 
Fig 4 Figure 4 also compares the sequences from the left and 
right ends of the rDNA insertion incDm1i03 Within this limited 
sequence there seems to be a significant difference in the degree 
of conservation between the left and right ends of these insertion 
elements The only base difference within a comparable 226- 
nucleotide sequence from the right-hand end 1s the presence of 
an extra dA residue incDm219 At the left end, however, there 
are 19 nucleotides which differ within a comparable 231- 
nucleotide sequence There 1s similar variability in an equivalent 
sequence from the left-hand end of the type I insertion found in 
cDm207 (see below), this sequence has 10 single-base 
differences when compared with this Dm219 element and 20 
compared with cDm103 There 1s also a 22-nucleotide deletion 
in this region of cDm207 In this respect, we note that although 
there is considerable length vanation of the type I sequences, it 
1s the sequences from the right-hand side of the umt which are 
preserved’* It will be interesting to examine the nature of 
junctions of these shorter type I elements with adjoining rDNA 


Junctions of the type II insertions 


About 15% of the D melanogaster rDNA units have insertions 
with cleavage sites for EcoRI°*® We have charactenzed several 
cloned segments of rDNA containing complete type II 
sequences and find no homology with the type Isequences’® We 
chose to determine the sequence at the junctions of the type IT 
insertion of cDm264 because this insertion has the most com- 
monly observed length and restriction endonuclease cleavage 
pattern We find that there 1s a direct sequence repeat at the 
left-hand junction of the type II insertion with the 28S8 gene 
The repeated sequences, GGGGAG, are contiguous and are 
formed partly from rDNA sequence and partly from insertion 
sequence (Fig 6a) This ıs quite distinct from the duplication of 
the 8 * sequence flanking the D virilis insertion The right-hand 
junction of the type IT insertion shows a striking tract of 22 dA 
residues, which are followed by the 8', B”, B”, B* and B2 
segments of the 28S gene (Fig 6b,c) Unlike the case of (DNA 
containing the type I insertion, there 1s no deletion of adjacent 
rDNA sequences 

The deletion in Dm103 makes ıt extremely unlikely that units 
of this type are ever used in the production of mature rRNA 
This 1s ın accord with the findings that large nuclear transcripts 
containing type I sequences are extremely rare, and that the 
most abundant transcript is a cytoplasmic molecule of 1 kilo- 
base, present in about 50 copies per cell? Choo”, however, 
has described the presence of long transcription units ın actively 
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G TCATGGGGTATTTGAGAGCAGAG A 
Dm264 TGACTCTCTTAAGGGGAG GEGGAGTATTCTTCTGTAATTCGTAAGTCATATCATATGGTGTGCGGAAGGGGAATTTT 


a Left end 
Dm207 
8] mo 
Dm207 ] 
Dm264 ACTCTGTAACTCACAAGTCTCTCCTTTACTCAAAGGG 
44979 +490 +99 +4100 
b Right end 
Om207 
Dm264 
t-99 tago 
Dm207 Asa 
Dm264 AAAAAAAAAAAAAAAATAGCCAAATGCCTCGTCATCTAA 
¥-10 th 8! 


Fig 6 Sequences at the junctions of the type II insertions within rDNA a, 
The sequence of the left end of the type II sequences in cDm264 and 
cDm207 comes from the subclones p264BS21 and p207BS2, respectively 
The restriction fragments were labelled at the Sail site by ‘filling-1n’ the Sail 
cohesive end using reverse transcriptase Only the regtons in which the 
cDm207 sequence differs from the cDm264 sequence are shown b, The 
sequence of the right end of the type IT sequence m cDm264 and cDm207 
from the subclones p264RH23 and p207RH16, respectively Hindili and 
Hint termin: were 3'-labelled using reverse transcriptase and the Haell] 


4410 t420 t430 tauo 445 0 4460 


f A 
CATCGTAGGAAAACTGACCACACACAGTGTTG&SCAGACCTAGTATCTTICGAAGATTTCCATACCTCCGCGATCAAAAAA 
t-70 +266 4-50 +4 9 +n 30 t-20 


c 
cDm264 


pi fi B Pp p p* p2 


cDm207 


termini 3’-labelled using terminal transferase The single bases of the cDm207 sequence which differ from cDm264 are indicated c, Schematic diagram of how these 
rDNA segments differ to the right of the type II insertion The segments 6’ and 8”, defined in Fig 2, are found in each plasmid In cDm264, 8” ts contiguous with the 
remainder of the 2858 gene, whereas in CDm207 it1s linked to the left end of the type I sequence This type I sequence in cDm207 differs from those of cDm219 and 


cDm103 at the sites indicated in Fig 4 


4 


transcribed chromatin which could represent transcription of 
rDNA umts containing insertions, The distribution of these long 
transcnption units correlates with the distribution of type II 
sequences in the rDNA of the X and Y chromosomes It 1s 
possible, therefore, that rDNA containing type I insertions has 
a simular transcriptional pattern to that found in Tetrahymena 
rDNA where the insertion sequence 1s present in the primary 
transcript and ıs subsequently removed Moreover an A+ T-rich 
region seems to be a common feature of the right-hand junction 
of the insertions in the rDNA of Tetrahymena“, Chlamy- 
domonas chloroplasts”° and yeast mitochondria’, for which the 
A+T content of the rightmost 25 nucleotide pairs ıs 72, 80 and 
76%, respectively Indeed, it has been postulated that A+T- 
rich regions might be an important feature of other processing 
sites in ribosomal transcripts 


A 28S8 rRNA gene containing both 
insertions 
We have previously found that the clone cDm207 contained 
both types of insertion and that within our mapping resolution 
the junction of type II with type I sequences corresponded to the 
right and left ends of these respective sequences, as they are 
found singly within rDNA’°® Nucleotide sequencing indicates 
that the type II element occurs at exactly the same site as in 
cDm264 (Fig 6a, b) Interestingly, the type II sequence ın 
cDm207 differs from that of cDm264 by an additional 23 
nucleotides which occur between the two repeated hexameric 
sequences A tract of 19 dA residues occurs at the right-hand 
end of the type II insertion in cDm207 However, it 1s linked to 
only 51 nucleotides of rDNA, corresponding to the B’ and 8” 
segments, which intervene between the sites of the two 
insertions The junction between the 8” segment and the type I 
insertion is identical to that found in cDm103 and ın the units of 
cDm219 The comparative structures of cDm207 and cDm264 
are indicated schematically in Fig 6d 

We previously noted that the restriction map of the type I 
insertion ın cDm207 1s more simular to that of aDm219 unit than 
of the Dm103 rDNA unsertion A sequence comparison within a 
limited segment of these DNAs 1s consistent with this obser- 
vation (see above and Fig 4) The chromosomal segment 
Dm207 also contains an unusual interruption of the internal 
transcribed spacer region (see Fig 1), and this has previously led 
us to propose that 1t was the product of a recombinational event 
between an rDNA unit containing type II sequences and type I 
sequences elsewhere in the genome That recombinational 
events occur to produce rDNA segments containing both types 


* 


of insertion 1s to be expected because the insertions occur at 
different sites Several such clones have been isolated by - 
ourselves and others and we expect that sequencing will show 
such clones to have analogous organizational features to those 
which occur between the two types of insertion in Dm207 

This work was supported by project grants from the MRC 
DMG holds a career development award from the Cancer 
Research Campaign We thank Simon Kidd for his interest in 
this work, for providing us with data on the positioning of 
restriction endonuclease cleavage sites and for the construction 
of several of the subcloned plasmids described here We also 
thank Therese Anderton for help with sequencing techniques 
and Sue Hayman for typing the manuscript, especially the 
figures 


Note added in proof We have recently sequenced the junctions 
between rDNA and a 10kilobase type I imsertion This 
insertion 1s flanked by duplicated 8 * segments and there 1s no 
deletion of rDNA sequences 
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The three-dimensional structure of the 66-amino acid cro repressor protein of bacteriophage A suggests how it binds to its 
operator DNA We propose that a dimer of cro protein is bound to the B-form of DNA with the 2-fold axis of the dimer 
coincident with the 2-fold axis of DNA A pair of 2-fold-related a-helices of the repressor, lying within successive 
mayor grooves of the DNA, seem to be a major Ceterminant tn recognition and binding In addition, the C-terminal 
residues of the protein, some of which are disordered in the absence of DNA, appear to contribute to the binding 


INTERACTIONS between proteins and nucleic acids are of 
central importance in molecular biology Some proteins bind 
single-stranded polynucleotides while others recogmze couble- 
stranded ones None of these interactions 1s well unders:ood in 
molecular terms In particular, the way in which proteins 
recognize specific base sequences within double-stranded DNA 
has remained enigmatic 

The cro protein from bacteriophage A (hereafter called ‘cro’) 
is a repressor molecule which recognizes and binds tightly 
certain sequence-specific operator regions within the DNA of 
the bacteriophage Cro 1s the smallest repressor protem that 
has been characterized, and 1s of interest both because of rts role 
in the delicately balanced regulatory system of bacteriophage A, 
and as a general model for protein-DNA interaction 

We describe here the three-dimensional structure of tne cro 
repressor and its apparent mode of interaction with operator 
DNA The postulated interaction between repressoz and 
operator ıs consistent with a variety of chemical and genetic 
evidence, and may provide a general model for the interaction of 
proteins with helical DNA 

The bacteriophage A genome encodes two repressor proteins 
that play essential, contrasting parts in regulating the develop- 
ment of the phage The product of the cI gene, the cI or A 
repressor (‘cI’), is required for the maintenance of the lysagenic 
state, whereas the product of the cro gene 1s necessary during the 
lytic cycle of phage development (for reviews see refs 1-4, 33, 
34) Both the cro and the cl repressors compete for and bind two 
operator regions within the phage genome These operator 
regions each consist of three binding sites for the repressor 
molecules, and the respective repressors have different relative 
affinities for each of the sites within the operator regions® ° The 
use of these binding sites by cro and cI provides for a switch 
between the lysogenic and lytic pathway The cro/cl interaction 
is the clearest example of such a developmental switch?’ and the 
structural results presented here begin an understanding of this 
switch at the molecular level 

The cro protein ts well characterized’? It 1s a small basic 
protein 66-amino acid residues long, with a monomer molecular 
weight of 7,351 Both the amino acid sequence of the protem? 
and the nucleotide sequence of the cro gene have been deter- 
mined’® 


Structure determination 


The structure was determined by the method of isomorpkous 
replacement’? Protein purification and crystallization from 
1 1 to 13M phosphate were as described previously? ** The 
Space group 1s R32 and the cell dimensions ın the hexagonal 
system a = b =91 9 Å, c =268 9 Å 

Potential heavy-atom derivatives were initially screened by 
precession photography, and, later, by using a diffractometer to 
collect 5-A-resolution datasets The first heavy-atom derivative 
to be interpreted was obtained using PtCl{” and was initially 
solved by a ‘brute force’ approach in which all possible indivi- 


dual sites, and then combinations of sites, were explored (ref 15 
and unpublished results of B W M } Using the phases obtained 
from this platinum derivative, other potential derivatives were 
then evaluated ın the normal way’? ** In the end, five derivatives 
were selected for high-resolution data collection (Table 1) All 
the derivatives have multiple binding sites, as expected with 
multiple copies of the protein present in the crystallographic 
asymmetric unit (see below) Higher-resolution data were 
collected by oscillation photography’® which permitted collec- 
tion of data sets to a nominal resolution of 2 8 A or better from 
a single crystal The crystals often grow as long triangular 
prisms**, in which case they can be translated between series of 
exposures Some data collection statistics are included in 
Table 1 

Two preliminary electron density maps to 5 A resolution were 
calculated, one using the data collected by diffractometry, and 
the other using a subset of the higher-resolution oscillation data 
The two maps were quite similar, and, as discussed below, were 
important in working out the arrangement of the cro monomers 
within the crystallographic asymmetric unit 


Molecular symmetry 


The initial analysis of the cro protein crystals showed them to 
contain multiple copies of the protein ın the asymmetric unit On 
the basis of the density measurement of two cross-linked crys- 
tals, there seemed to be six monomers, that 1s, three dimers, per 
asymmetric unit'* However, examination of the 5 A-resolution 
electron density map revealed that there were four monomers 
per asymmetric unit, not six The error 1n the previous estimate 
could be due either to the presence of the cross-linking agent or 
to errors in density due to the limited amount of material 
available 

We attempted to determine the relation between the 
monomers in two ways—by inspection of the 5-A-resolution 
electron density maps, and by consideration of the relation 
between the sites of heavy-atom binding Initial inspection of 
the 5-A-resolution map revealed an obvious 2-fold symmetry 





Table 1 Heavy-atom derivatives 





No of Rmerge Rper Reflections Rwe 


Derivative sites (%) (%) above3a (%) (fy) E 
Native — 95 -m 9184 
Ptc 6 96 145 5068 305 643 545 
He** 16 89 129 3616 4491134 724 
Au** 16 87 140 7273 471 595 468 
EMTS 12 03 110 7856 487 390 322 


Mersaly! 13 102 140 5985 461 625 S15 





Overall figure of merit’? to 2 8 A resolution, 0 45 R Merge = 100 È 
(I, Ag (LU), RDer = 200 Leu —Fpl/E eu + Ip), Ry = 100 Yo] Fou z 
Fpl- fal/ Zol Fpu— Fpl Gy) 1s the mean heavy-atom scattering, E the 
average lack of closure for centric reflections‘? EMTS, ethyl mercury 
thiosalicic acid Hg** data set collected by precession photography 
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Fig. 1 Corresponding electron density sections through each of 

the four cro molecules in the crystallographic asymmetric unit, 

transformed into a common coordinate frame Clockwise from top 

left the density 1s for molecules O, A, B and C, with the averaged 

density below a-carbon atoms within +2 5 A of the section are 
indicated by the solid circles 


axis lying approximately in the plane z= 1/12 This 2-fold axis 
also related, ın pairs, most of the major heavy-atom sites 
Further analysis of the 5-A map, facilitated by the use of an 
MMS-X computer graphics system”, suggested that there were 
two additional 2-fold axes inclined to the first The positions of 
these local symmetry elements were confirmed by calculating 
correlation coefficients between the electron density of the 
individual monomers, rotated and translated to superimpose 
one monomer on another (Table 2) The four monomers are 
related 1n pairs by mutually perpendicular intersecting (or nearly 
intersecting) 2-fold axes In other words, the four monomers are 
arranged in the crystal with local 222-point symmetry The 
symmetry of the molecules ın the crystal does not itself imply 
anything about the state of aggregation in solution In principle, 
the protein could exist as individual monomers, as dimers with 
2-fold symmetry, or as tetramers However, the specific inter- 
actions which we observed between the four monomers (see 
below) suggests that cro may exist in solution as a tetramer The 
extent to which the molecular arrangement may depart from 
exact 222 symmetry, and the potential biological relevance of 
such deviations from exact symmetry, remain to be determined 

Most, but not all, of the heavy-atom sites are related to each 
other by the 222 local symmetry elements For each 2-fold axis, 
related pairs of sites can be superimposed within ~1 9 A (Table 
2) Although the 2-fold symmetry was used as an additional 
check 1n the interpretation of the heavy-atom derivatives, 1t was 
not imposed on the heavy-atom coordinates 


The electron density map 


An electron density map was calculated to a nominal resolution 
of 28A using the five heavy-atom derivatives described in 
Table 1 (ref 18) Although the phase angles are well determined 
to about 35 A resolution, their accuracy at higher angles 1s 
limited by the scattering intensity of the derivative crystals, 
which becomes very weak at higher resolution, and also, in part, 
by non-isomorphism 


755 


To improve the accuracy of the electron density map and 
facilitate its initial interpretation, the density of the four 
monomers ın the asymmetric unit was averaged (Table 2, Fig 1) 
If the assumed transformations are correct and all four 
monomers are, ın fact, identical, the averaging process should 
improve the accuracy of the electron density map In practice, 
the averaging process clearly improved the overall ‘cleanliness’ 
of the map, but also resulted ın a loss of detail and reduction in 
the effective resolution (Fig 1) Presumably, application of more 
sophisticated averaging techniques’’ and refinement of the 
individual monomers w1ll lead to a more precise description of 
the structure 

The averaged electron density map was displayed both as a 
‘mini-map’ and on a scale of 2 cm = 1 A in an optical compara- 
tor?” Several helices and a region of B-sheet were immedi- 
ately apparent, and the course of the polypeptide backbone 
could be readily followed from one end to the other The 
direction of the polypeptide chain was initially deduced from the 
observation that the major platinum binding site was at a 
position 12 residues from one terminus, obviously correspond- 
ing to Met 12 From this point the known amino acid sequence of 
the protein’ '° could be compared with the electron density map 
Although the interpretation of the electron density map ıs fully 
consistent with the sequence, note that the limited resolution of 
the current map, together with the averaging process described 
above, results ın poorly defined density for the respective side 
chains The backbone density ıs strong and unambiguous from 
the amino terminus to residue Lys 62, but at this point the 
density becomes very weak, indicating that the four carboxy- 
terminal residues are disordered in the crystals This appears to 
be the case for each of the four cro monomers 


Conformation of the cro repressor 


The conformation of a cro monomer ıs illustrated in Fig 2 The 
structure 1s very simple, consisting of three strands of 
antiparallel B-sheet (residues 2-6, 39-45 and 48-55), and three 
a-helices (residues 7-14, 15-23 and 27-36) As described 
below, the C-terminal residues form an extended ‘arm’ (Fig 2) 
which interacts with another monomer and seems to participate 
in DNA binding 

The detailed arrangement of the four repressor monomers in 
the crystals ıs shown in Fig 7 The respective local 2-fold’ 
symmetry axes relating the monomers are designated P, Q and 
R, and the monomers themselves O (‘original’), A, B and C 
(Table 2) It has been assumed for some time that the cro 


Ala 
46 





Fig.2 Backbone of monomer O of the cro repressor protein As 
discussed in the text, the four C-terminal residues 63-66 are 
disordered The local orthogonal 2-fold symmetry axes P, Q and R 
relate the molecule shown to monomers A, B and C, respectively 
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Fig.3 DNA operator Og3, drawn ın the B form (after Ptashne et 
al”) Ethylation of the phosphates, labelled P, hinders cro repres- 
sor binding, binding of cro protects the N7 positions of guammes, 
labelled G, from methylation by dimethyl sulphate The figure 1s 
based on experiments of Johnson, Ptashne and collaborators * %95 


repressor exists as a dimer in physiological conditions? There- 
fore, we expected the four cro monomers ın the crystal to consist 
of two dimers However, inspection of the molecular packing 
does not obviously support this assumption The monomers O 
and B (and, similarly A and C) are related by the Q axis, and 
have extensive interactions between their C-terminal arms, each 
of which lies against, and 1s, in part, hydrogen bonded to, its 
2-fold-related partner It seems likely that this interaction 
persists in solution However, there are also specific interactions 
about the R symmetry axis, where the polypeptide backbone of 
one monomer hydrogen bonds to the 2-fold-related backbone 
of the other monomer so as to expand the three-strand £-sheet 
of the monomer into a six-strand antiparalle] sheet in the dimer 
In addition, the amino terminus of monomer O ıs linkec by an 
10ni¢c interaction to Glu 53 of monomer A, with similar inter- 
actions for the other amino termini The four amino-terminal 
methionines are grouped together and participate in a Ccistinct 
hydrophobic region at the centre of the cro tetramer Thus, 
although the packing arrangement seen ın the crystal does not 
prove that cro exists as a tetramer in solution, ıt does suggest 
this Whether cro exists as a dimer or tetramer has no bearing on 
the proposed model for DNA binding 


Interaction of cro with DNA 


Both cI and cro repressors compete for three sites within the left 
and the right operators of bacteriophage A In the right operator 
there are three binding sites (Og1, Og2 and O,3) each consisting 
of 17-base pair regions separated by spacers of 6 or 7 base 
pairs??, The sequences of the three 17-base pair regions are 
similar to each other, but not identical, and, in addition, the 
sequence within each region 1s approximately symmetric 
Mutations within the 17-base pair regions reduce the binding 
affinity of both cro and cI, whereas mutations in the spacer 
regions have no effect on binding (refs 4, 6, 23, 24 and refs 
therein) Chemical probe experiments** ** indicate that both 
cro and cI repressors bind primarily along one face of the DNA 
double helix and protect many of the same groups The results of 
such experiments for cro binding to O,3 are illustrated ın Fig 3. 
Methylation by dimethyl sulphate of the N?” of six guanines ın 
the major groove 1s prevented by the presence of cro, but 


methylation of N? of adenine, exposed in the minor groove of 
the DNA, is not prevented. Furthermore, ethylation of any of 
the six phosphates shown in Fig 3 interferes with cro binding* 

The pattern for cI 1s very similar, but 1s slightly more extended, 
and includes four additional phosphates Such experiments 
suggest that both cro and cI contact the DNA ın the major, but 
not the minor, groove*”. Furthermore, it seems likely that both 
repressors bind to the DNA with two symmetry-related subunits 
of the protein in contact with the two symmetry-related halves of 
the operator, and the 2-fold axis of the protein coincident with 
the 2-fold axis of the DNA In this way the complex of bound 
repressor and operator would have a common 2-fold symmetry 
axis There would, of course, be slight deviations from exact 
2-fold symmetry because of the inexact symmetry of the DNA 
base sequence, and also, possibly, due to the protein 

To determine possible modes of binding of cro to DNA, we 
looked for a feature of the cro monomer which, together with its 
2-fold related mate, would form a structure complementary to 
that of the operator DNA, and which, when aligned on the 
DNA, would be consistent with the protection experiments 
summarized in Fig, 3. An obvious candidate 1s the helix from 
residues Gin 27 to Ala 36 This helix lies along the surface of the 
protein, with 1soleucines 30 and 34 contributing to the hydro- 
phobic interior of the monomer, but with the helix otherwise 
protruding from the surface of the protein (Fig 2). The cor- 
responding helix in monomer B, related by rotation about axis Q 
(Fig 4) 1s parallel, and the respective helices have a centre-to- 
centre distance of 34 A, the same as the separation between 
successive major grooves of B-form DNA (Fig. 3) Furthermore, 
the angle made between the axes of the two a-helices and the 
line connecting their midpoints 1s equal to the angle between the 
major groove of the DNA and ts long axis (Figs 3,4) The sense 
of the respective angles ıs such that the two helices can be 
accommodated, ın a very natural way, within successive major 
grooves of DNA ın its normal Watson—Crick B confor- 
mation?” 

This hypothetical arrangement was checked by fitting a model 
of the cro molecule to that of DNA. We required that the 2- 
fold axis relating the cro monomers had to comcide with the 
2-fold axis through the centre of the DNA operator. Thus, 
the fitting of cro to the DNA is very restrictive, allowing only two 
degrees of freedom—one a rotation of cro relative to the DNA, 
about the common symmetry axis; the second a translation of 
cro along the symmetry axis, which varies the distance between 
cro and the long axis of the DNA The results of this first, albeit 
crude, fitting process are shown ın Figs 5, 6 and 7 

The complementarity between protein and DNA 1s striking. 
In addition to the overall correspondence between the re- 
spective backbones of the DNA and protein, residues Ser 28, 
Ala 29, Asn 31, Lys 32, Ala 33 and His 35 of the above- 
mentioned a-helix are in a position to interact either with the 
exposed hydrogen bonding groups of the major groove, confer- 
ring specificity, or with the negatively charged phosphates, 
promoting generalized binding Nearby residues, including Arg 
38 and Lys 39, are also suitably located to contribute to binding 
and recognition Close to the 2-fold symmetry axis, the 
sequences Glu 54~Val 55-Lys 56 of the two monomers form a 
pair of antiparallel B-sheet strands parallel to the minor groove 
which possibly interact with the DNA in the manner proposed 


Table 2 Relations between the four cro monomers 


Pairs of rms error Electron 
Symmetry heavy-atom ın heavy- Monomers density 
AXIS sites atom sites related correlation 
p 26 1 80 O,A 0 58 
Q 26 1 97 O,B 0 54 
R 25 1 94 0,C 055 
C,=Le.0,/(p? ¥p7)'? where the summations are over all 


values, p,, of the 2 8 A-resolution electron density map within 15 A of 
the centre of the respective monomers 
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Fig. 4 Dimer of two cro molecules 
viewed along the Q symmetry axis The P 
and R symmetry axes are also shown 
Regions of the protein backbone closest to 
the viewer, and presumed to interact with 
DNA, are drawn solid These regions 
include two a-helices, 34 A apart, inclined 
at 32°, and also a pair of extended strands 
close to the Q-axis 





by Church et al?’ The four C-terminal residues of the 2-fold- 
related cro monomers, which are disordered 1n the crystals, and 
also, presumably, in solution, could also interact with the DNA 
(Figs 5, 6,7) Such interactions could include Lys 62 and Lys 63 
Presumably these C-terminal arms, which extend 1n solution like 
‘feelers’, occupy well defined positions when complexed with the 
DNA The finer details of the interactions between the cro 
repressor and its specific operator sequences are now being 
explored by more careful model building, and will be described 
elsewhere 

The proposed binding of cro to DNA explains many of the 
known properties of the complex A tetramer or a dimer of cro 
bound to DNA extends over exactly 17 base pairs, the length of 
one operator (Figs 3, 5) The mode of interaction between 
protein and DNA 1s consistent with the approximate 2-fold 
symmetry of the operator sequence, and the symmetry of the 
protein Also, the proposed binding explains, within the present 
level of detail, the chemical protection experiments (Figs 3, 6) 
Furthermore, there 1s a space of ~20 A between cro molecules 
bound to adjacent operators, consistent with non-cooperativity 
of binding” 





Fig. 5 Presumed interaction of cro repressor with DNA Two 
monomers of cro (O and B), related by 2-fold symmetry axis Q, 
interact with the DNA so that axis Q coincides with the 2-fold 
symmetry axis of the DNA The DNA has been rotated 90° relative 
to thatin Fig 3 so that its 2-fold symmetry axis 1s ın the plane of the 
paper The respective amino termini of the two cro molecules are 
labelled No and Ng A pair of 2-fold-related a-helices occupy 
successive major grooves of the DNA and, closer to the symmetry 
axis, two extended polypeptide strands run parallel to the back- 
bone of the DNA 
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Fig.6 Stereo view of the presumed interaction between two 
molecules of cro repressor and DNA, viewed along their common 
2~fold symmetry axis The open circles along the DNA backbone 
indicate the positions of the phosphates, those phosphates whose 
ethylation hinders cro binding (Fig 3) are drawn solid 


Conclusions 


This ıs the first structure determination of a specific DNA 
repressor, and the results obtained here may be of general 
relevance for interactions between proteins and DNA 

A principal feature of the proposed binding of cro to DNA is 
the use of symmetry The 2-fold symmetry axis of the repressor 
coincides with the 2-fold symmetry axis of the DNA operator 
This type of interaction 1s expected to be of general significance 
for proteins which recognize symmetric, sequence-specific 
regions of the DNA Departures from exact symmetry could be 
important ın ‘fine tuning’ of the strength of the DNA-protein 
complex Our results indicate that the symmetric sequences 
often used for specific DNA-protein interactions are a 
consequence of the oligomeric structure of the regulatory pro- 
teins rather than the source of a special type of DNA structure 

Also, the a-helical conformation of proteins may presumably 
be used ın both specific and nonspecific DNA binding Sung and 
Dixon”? were the first to propose that the histone H4 N- 
terminus adopts a helical conformation when interacting with 
chromatin nucleic acid A related model has been proposed for 
lac repressor” Also, Warrant and Kim have presented direct 
evidence showing that protamime changes to an a-helical con- 
formation on binding to a double-helical portion of crystalline 
tRNA The cro repressor structure supports the notion that the 
binding of a-helices in the major groove of DNA may be a 
principal determinant in nonspecific protein binding to DNA, 
and ıs also of importance in specific recognition 

The structure of cro, and its complementarity to the B-form of 
DNA, suggest that the DNA retains the right-handed B-con- 
formation when the repressor 1s bound Of course, slight 
deformations of the DNA or protein could well occur on bind- 
ing, and may be suggested by detailed model-building experi- 
ments, but the present results indicate that large adjustments in 
the DNA structure are not required to accommodate the pro- 
tein In contrast, McKay and Steitz*” have recently proposed 
that the cyclic AMP receptor protein of Escherichia colt, which 
promotes the action of RNA polymerase, binds to left-handed 
DNA In the case of the cro repressor, the protein 1s located 
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against one side of the DNA, with most of the specific recog- 
nition occurring between side chains of the protein and the parts 
of the bases that are exposed in the major groove of the DNA 
There is no apparent need to expose the bases further to 
facilitate recognition 

We thank Drs Howard Schachman and Harrison Echols for 
their help in instigating this proyect We also thank our 
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Solar quiescent 
prominences at 10.7 GHz 


R. N. Bracewell 


Electrical Engineering Department, Stanford University, Stanford, 
Cahforma 94305, USA 


W. Graf 
SRI International, Menlo Park, Cahfornia 94025, USA 


Filaments on the Sun, which are dark linear features in the light 
of the Fraunhofer Ha line, are a mysterious feature of the solar 
surface. They are blade-like extensions of the chromosphere 
projecting to a height of 40,000 km into the corona, and may 
extend for up to 200,000 km along the surface. The fact that 
they may persist for a year or so, disappear abruptly and then 
reappear in the same positions shows that they are superficial 
indicators of deeper phenomena. There have been several 
reports’~ of reduced brightness in the radio spectrum associated 
with the Ha filaments, leading to the widely accepted view that 
filaments are associated with broad dark radio features. This 
picture is, however, contradicated by our observations at 
10.7 GHz of one solar filament during the solar eclipse of 12 
October 1977. 


Although the filaments are very thin, subtending about 8 
geocentric arc s when seen vertically, nevertheless, “regions of 
reduced radio brightness situated above filaments” were detec- 
ted’ in 1959 and explained ın terms of “relatively cold prom- 
mences which are optically thick to 8-mm radiation” Later 
attempts to discern filaments at radio wavelengths succeeded 
due to use of the 11 m mm-wave telescope at Kitt Peak and the 
42m telescope at Green Bank*~ In all cases temperature 
depressions in the neighbourhood of filaments were reported 
Khangil’din’s* interpretation was absorption in the filamentary 
material, Drago and Felli* suggested that the temperature 
defect arose from lack of coronal emission from the volume 
occupied by the filament The width of the depression was 
confirmed at ~2 arc min by Straka et al * who proposed a model 
where the filament would exhibit a greater brightness tempera- 
ture because the enhanced density within the filament would 
raise the height of the emission region The general depression 
previously reported would then be due to the low-density 
‘cavity’ surrounding the filament Observations® with the 100-m 
telescope at Effelsberg again confirmed the temperature 
depression The depression was explained in terms of ‘radio 
filament’ for the ‘temperature depressions’ or ‘absorption fea- 
tures’ even though the width was perhaps five times larger than 
that of the dark optical filament This interpretation ın terms of 
absorption disagreed with Straka et al’s model? of the cavity 
concept because Kundu et al © believed that the cavity model 
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Fig.2 Grooved terrain on Mars and Earth. Cross ridges in centre of images apparently dammed and ponded carving material, which eventually 

breached and deeply scoured the terrain at right. Flow was towards the right. a, Breached wrinkle ridge in Chryse Planitia and channel scour 

marks. North is towards the top. (Viking 46A65). b, Scarp near Lac Belot, Northwest Territories, Canada, and glacial grooves. North is towards 
the bottom. (Landsat 1594-19302-7). 


measured widths of as much as 180 km across the grooved 
terrain of Laurentide ice sheets in the Northwest Territories of 
Canada. The comparable width of grooved terrain in Kasei 
Vallis and Canada suggests that some of the ice on Mars may 
have been in sheets rather than valley glaciers. 

Scarp heights of the martian channels also compare favour- 
ably with terrestrial glacial scarps. Scarps flanking Kasei Vallis 
lie near 2,000 m, and those at the mouth of Tiu and Ares Valles 
near 600 m. Grooves on the level ground above and below some 
of the scarps indicate that the ice may locally have inundated the 
scarps and may have been thicker than 2,000 m. Such heights are 
not excessive for terrestrial glacial terrain; scarp heights on 
Lambert Glacier in Antarctica are as much as 3,000 m, and the 
glacier presently is thicker than 2,000 m (ref. 11). Ice streams 
into the Ronne Shelf near the Ellsworth Mountains are 1,000- 
2,000 m thick'* (Fig. 3). Pleistocene ice streams in Iceland are 
deduced to have been 1,000 m thick (based on the height of 
tablemountains)'*, and the present-day Antarctic and the 
former Laurentide shields are 3,000-4,000 m thick**. 

To determine whether ice sheets would have moved in 
martian conditions, it is important to obtain information on 
ice-surface gradients. Because no ice sheets are presently in the 
areas of interest, only the gradients of the martian channel beds 
can be obtained. For this discussion, however, ice-surface 
gradients can be assumed to be parallel. Regional gradients are 
very low and range from <0.1° to 0.25°; local segments are 
steeper. Low ground gradients are no deterrent to glacial 
movement on Earth, however. For instance, the Yenta River in 
Alaska has a gradient of 0.06°, and the Wilkes subglacial basin in 
Antarctica has a gradient of ~0° for nearly 2,000 km. Thus, 
ground gradients apparently are not a critical determinant for 
glacial motion; indeed, glaciers are known to move uphill under 
certain circumstances. Terrestrial ice-sheet surface gradients 
range from 0.10° to 0.25°, from the Antarctic highs to outlet 


glaciers on the coast, and thus are comparable to the gradients of 
martian channel beds. 

It remains to be considered whether or ngot ice could have 
moved through martian outflow channels, given present and 
past martian environmental conditions. Sharp’** argued against 
the likelihood of glacial motion on Mars; however, he only 
considered the cold polar areas and not the warmer equatorial 
belt, where most outflow channels occur. Existing data on 
ice-deformation processes have been collected and displayed by 
Shoji and Higashi'® in a plot of shear stress versus temperature. 
Taking nominal values of surface slope (0.1-0.25°) and ice 
thickness (1,500-3,000 m), basal shear stresses (7) may be 
calculated from the relation 


T =pgy sina (1) 


where p, g, and y are the ice density, gravitational acceleration, 
and depth, respectively, and a is the surface slope. When these 
shear stresses are plotted against martian equatorial tempera- 
tures (0° to —60°C), the conventional terrestrial processes 
characteristic of ice-sheet deformation—namely, dislocation 
creep and lattice-diffusion creep—also seem to apply to ice 
deformation on Mars. In addition, the shear stress—temperature 
field that is defined for Mars includes all the measured shear 
stress—temperature data obtained at various depths in drill holes 
at Byrd Station, Antarctica, and Camp Century, Greenland. 
These results strikingly illustrate the similarity in conditions on 
the two planets, notwithstanding the generally lower tempera- 
tures now prevailing on Mars. 

Nominal strain rates, given in the plot of shear stress versus 
temperature by Shoji and Higashi’®, vary by many orders of 
magnitude and diminish with decreasing temperatures and shear 
stress. These data suggest that ice, in present-day martian 
conditions, would have moved only very slowly. Several other 
factors, however, could increase the strain rate. Preferred crystal 
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Fig. 3 Streamlined island on Mars and 
Earth. Flow diverging around obstacles 
formed by islands on Mars and ice rises on 
Earth. Martian islands tend to be smaller 
than ice rises. Flow is towards the bottom. a, 
Kasei Vallis. North is towards the right. 
(Viking 519A29). b, Ice rises in Ronne ice 
shelf, Antarctica. Ellsworth Mountains on 
left. Radio echo sounding suggests sub- 
glacial breaching of ice rises by fjordlike 
troughs, which would further enhance their 
similarity to martian islands, north is 
towards the top right. (Satellite image map, 
Ellsworth Mountains, Antarctica, US 
Geological Survey, original scale 
1 : 500,000). 


a 0 


orientation and occluded gas bubbles in polycrystalline ice 
sheets act to increase strain rates at given temperatures and 
shear stresses by as much as 100-fold'”'*. Strain rates can also 
be increased once flow by dislocation creep is initiated by local 
steeper slopes and the ice mass undergoes frictional heating. The 
energy thus released internally by an ice sheet flowing at a 
velocity of 20 m yr ' is roughly equal to the normal geothermal 
flux. An ice velocity of 20 m yr`' is not extraordinary and, on 
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Earth or Mars, could be considerably larger if ice-surface slopes 
increased to several degrees. Artesian water under the ice could 
also have contributed to lubrication of the bases of martian ice 
masses and thus accelerated their motion and increased their 
erosive power. The pronounced grooving on the channel floors 
indeed suggests that the ice moved over the ground and eroded 
powerfully. A warmer climate in the past, of course, would have 
favoured faster glacial motion. 


Fig.4 Dimensions of streamlined 
islands. Plotted scabland flood 
islands (W) and martian islands are 
from ref. 7; xX, Maja Vallis; ©, 
Kasei Vallis. Plotting of Antarctic 
ice-rise dimensions (@) on same 
trendline as scabland and Mars 
values indicates that sculpturing by 
ice is as likely as catastrophic 
flooding for causing streamlining. 
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Ice may have accumulated in the source area of the martian 
channels from atmospheric precipitation, wind-drifted frost and 
dust deposits, and from the ground as springs. All these proces- 
ses no doubt contributed, but springs must have been dominant 


because the chaotic terrain, the source area of the channels, is - 


highly disturbed, apparently owing to the removal of large 
quantities of material. The groundwater may have been under 
artesian pressure as proposed by Carr’’, and created ice domes 
that then flowed to adjacent depressions to carve the channels. 
Alternatively, the water could have formed ice covers over 
incipient rivers that required only normal discharges°. The river 
ice may have consolidated into ice drives’ and, eventually, ice 
streams. The internal deformation and flow of such ice streams 
may then have imparted to the martian channels their distinctive 
and spectacular morphology. 
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Numerous studies of the variations of the Earth’s rotation have 
been made since 1900 (summarized in refs 1, 2). It seems well 
established that variations in the rotation with periods equal to 
or less than 2 yr are due to variations in the zonal circulation of 
the atmosphere**. However, there is no general agreement 
about the cause of the longer-period variations of the Earth’s 
rotation, sometimes known as the ‘decade variations’, although 
the most favoured explanation is electromagnetic core~mantle 
coupling (see ref. 5). Several studies®* of the correlation 
between Earth rotation and magnetic field variations have 
obtained marginally positive results. We have been able to 
clarify such a correlation over the past 120 yr by studying those 
magnetic field indicators that are the most sensitive to variations 
in westward drift of the outer regions of the core. We suggest 
here that the correlation can be extended back ~ 300 yr. Simple 
models of core—-mantle coupling, based on Bullard’s ideas, give 
reasonable quantitative agreement with the observations. 

In 1951, Stoiko’ compared the variations of the Earth’s 
magnetic field intensity observed at Paris with the variations of 
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Fig. 1 Plot of the secular variation of declination D (solid curve and 

right hand scale) and of the excess length of day d(AT)/dt (dashed curve 

and left-hand scale) for the period 1861-1978. AT data are from 

refs. 18, 19. The relative changes in the Earth rotation rate AQ/Q are 

obtained from the d(AT)/dt values through multiplication by —1.157 X 
107”, 


the length of day for the period 1883-1948 and claimed a good 
correlation between the two. In 1953 Vestine® proposed a 
correlation between the westward drift of the eccentric dipole 
(the magnetic centre C) and the variations of the Earth’s 
rotation rate © for the period 1885-1945, and gave a qualitative 
interpretation of this result using Bullard’s model. Vestine and 
Kahle” extended the correlation up to 1965. A puzzling feature 
of this correlation is that the magnetic variations seem to lag 
behind the 2 variations. The variations of the longitude of C for 
the period 1945-75 have been found" to have a poor cor- 
relation with Q. More recently, it has been shown’? that, 
Starting in 1969, there was a rapid acceleration of the secular 
variation of the east (Y ) component of the magnetic field across 
large regions of the Northern Hemisphere and that a similar 
event occurred around 1900 (although it is more difficult to 
ascertain its global nature because of the lack of magnetic 
observatories at that time). Minima in Q were also noted at 
about the same times. It is this correlation between the Y 
variations and Q which we consider and extend here. 

Motions of the top layers of the core are responsible for most 
magnetic variations seen at the Earth’s surface on the decade 
time scale; the westward drift of magnetic features which has 
long been noted*** can be taken as evidence for a westward 
drift of the upper core. Hide’* has pointed out that such motions 
could be the result of slow MHD-Rossby waves, but the simul- 
taneity of the changes in these motions seen around the world 
makes this possibility unlikely. 

To study the westward drift of magnetic features we have to 
distinguish between the drift effect and other causes of magnetic 
variations’’. The magnetic secular variation can be written as: 


8B _aB , aB 
St ot °ad 


where 6B/8t is the magnetic variation seen at magnetic obser- 
vatories; the dB /dt term accounts for the effects of non uniform 
and north-south motions (as well as the less important effects of 
magnetic diffusion), U, is the magnitude of the westward drift as 
seen at the Earth’s surface and aB/dd is the longitudinal 
gradient of the magnetic field as seen at the surface. 

Declination D (or the closely associated east component Y ) is 
especially suited to studies of zonal motions because (1) it has 
weak gradients in the north-south directions compared with the 
other components and (2) it was more accurately and frequently 
determined in earlier times. 

To study the detailed time history of.the magnetic secular 
variations data from continuously recording magnetic obser- 
vatories are needed. Most of the early magnetic observatories 
are located in Europe and it is fortunate that here the dY/ad 
term is large and smoothly varying. Thus 6Y/8t is dominated, at 
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Fig.2 Selected 5Y/8t variations (in nT yr`*) around the period of apparent westward drift minimum of 1969. 


least for the past century, by the term U, (4Y /ð¢), and Y (or D) 
should be proportional to U,. For Paris d¥/dé is ~150 nT per 
deg and dD /ad is ~0.4-0.5. If core~mantle coupling is the cause 
of the decade variations in Earth rotation one should expect a 
good correlation between Y (or D) as seen in Europe and Q. 

Figure 1 displays D and AQ/Q for the period 1861-1978. The 
D values are from a compilation of available data from the Paris 
area. These data can be considered as representative of the 
western European area, as has been shown for the recent 
observatory data'’. D has been averaged over 5 yr. The N data 
for 1861-1978 are from refs 18, 19. l 

The data of Fig. 1 show a good correlation between D and 2, 
significantly better than in any previous study (see Fig. 4 of 
ref. 10 or Fig. 4 of ref. 8). The magnetic variations lead, rather 
than lag’, the Q variations by ~10 yr. (The coherency peaks 
fairly sharply at about 0.8 for this value of the lag. A more 
sophisticated correlation analysis is not warranted for the kind 
of data shown in Fig. 1 and the eye is still the best judge.) These 
variations are quite pronounced. From D one can infer that the 
westward drift decreased from ~0.3 to 0.1 deg yr™' between 
1870 and 1900, increased again from ~0.1 to 0.4 deg yr"! 
between 1900 and 1925 and decreased again to ~0.1 deg yr’ in 
1969 (see also ref. 11). Since then a rapid acceleration of the 
drift has been seen, which is quite similar to that observed just 
after 1900. 

The most pronounced features of secular variation are the 
discontinuities in the slope of Y seen in 1900 and 1969, and 
somewhat less clearly in 1925, which we interpret as sudden 
changes in the acceleration of the westward drift, U,. The 
number and distribution of magnetic observatories in 1900 were 
too limited to ascertain the global character of the drift 
acceleration changes, but by 1969 the situation was greatly 
improved. Fig. 2 shows selected results from a preliminary 
study, still in progress, which shows that in most areas where we 
expect to see the effects of rapid changes in the slope of U, they 
are indeed observed. The examples in Fig. 2 come both from 
regions where dY/d@ is large and smoothly varying (for exam- 
ple, Europe '*'*) and from regions where dY/d¢ is close to zero 
(for example, Honolulu): in the former a clear extremum of 


aY/dd is observed, in the latter there is none. However, in some 
cases (for example, South America) discrepancies are found 
which may be due to the evolution of more localized magnetic 
features. In any case, the magnetic data are not incompatible 
with a global zonal circulation pattern existing in the upper core 
which underwent a rapid change of acceleration in 196915, 

We can only attempt here to identify some of the parameters 
that are relevant in a quantitative study of core~mantle coupling 
and estimate their magnitudes. We follow Bullard’s model of a 
convecting core which causes differential rotation between the 
outer regions and the inner regions. This differential rotation 
creates a toroidal magnetic field in the core which penetrates 
into the lower mantle’’. Thus, the mantle, upper and inner core 
are all electromagnetically coupled, and, if the convection 
regime changes, the core and mantle will all undergo changes in 
their angular velocities, the net angular momentum remaining 
constant. When the upper core region is thin, the mantle follows 
the inner core and will accelerate when the upper core 
decelerates (see ref. 20, with lower mantle conductivity esti- 
mates from ref. 21): this is what is observed. The thickness of the 
upper core zone can be estimated by assuming that the mantle 
and lower core are rotating together. Using the law of conser- 
vation of momentum and the observed proportionality rate 
between 60 and 6U, (with 8N ~3 10`" rads"! and 6U, ~ 
0.2 deg yr') a thickness of 100km is found for this upper 
region. The time lag of the changes in Q relative to U, is a 
measure of the magnitude of the coupling between the mantle 
and the inner core, which in turn depends on the magnitude of 
the toroidal field in the core and the conductivity of the lower 
mantle. The observed time lag can be accounted for by the above 
model (Le Mouël and Courtillot, in preparation). 

We have also compared data for the period 1700-1870. 
Despite low reliability, these older data do not display the 
dramatic changes that have occurred since 1870. These obser- 
vations seem to imply that the period 1700-1870 was a more 
stable regime for core motions than the following century. The 
similarity of the magnetic situation in 1900 and 1969 leads us to 
predict that the Earth rotation is presently at the beginning of a 
period of acceleration. 
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Thermocouples made from heavily doped n- and p-type silicon- 
germanium alloys are used in the nuclear powered thermoelec- 
tric generators which provides onboard power to the American 
Voyager spacecraft. The isotopic heat source is expensive and 
any improvement in the generators’ heat energy to electrical 
energy conversion efficiency would save both money and weight. 
The possibility of reducing the thermal conductivity of ther- 
moelectric semiconductor alloys by compacting fine grained 
material has been considered and various estimates have been 
made of the reduction in thermal conductivity with grain size. 
The electrical properties of hot pressed compacts of heavily 
doped silicon germanium alloys which possess density values 
close to that of single crystal are unaffected by grain boundary 
scattering effects. Consequently, this method of preparation 
holds out a possibility of improving the ‘figure of merit’ of the 
thermocouple material and hence the conversion efficiency of 
the generator. Here the first measurements of the thermal 
diffusivity of fine grained hot pressed compacts of heavily doped 
n-type silicon germanium alloy are reported. The compacts 
investigated possessed grain sizes (L) in the range 
10<2<25 upm,5<£<10 pmand <5 ym. The results confirm 
that the lattice thermal conductivity decreases with a reduction 
in grain size. In the compact with L <5 pm, this reduction is 
~28% compared with ‘single crystal’ material. Within experi- 
mental error (<5%) the Seebeck coefficient and electrical 
resistivity do not change with grain size. This implies that the 
conversion efficiency of a thermoelectric generator employing 
silicon-germanium thermocouples would be significantly 
improved through the use of fine-grained thermocouple 
material. 

The conversion efficiency of a semiconductor thermocouple 
depends on the temperature difference over which the device 
operates, its average temperature and the so-called figure of 
merit Z for the thermocouple material. Z =S’o/K where K is 
the thermal conductivity, S the Seebeck coefficient and ø the 
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Fig.1 Microphotograph of a typical polished surface of a compact 
after etching with CP4. Grain size is in the range 10<L <25 um. 
Scale bar, 14 um. 


electrical conductivity. The thermal conductivity is the sum of 
the contribution arising from the lattice waves (phonons) K, and 
a contribution K. from the carriers present. All three 
parameters in the figure of merit vary with the carrier concen- 
tration and Z is optimized at around 10°% m™>. At this high 
carrier concentration K, still accounts for more than 75% of the 
thermal conductivity’. 

Interest has grown recently in the use of hot pressing tech- 
niques. Apart from facilitating device fabrication, the method of 
preparation has held out a possibility of reducing the lattice 
thermal conductivity and hence improving the figure of merit 
without adversely affecting the other thermoelectric 
parameters——an effect attributed to phonon scattering at the 
grain boundaries’. 

The role of boundary scattering in limiting the phonon mean 
free path has long been considered as a low temperature 
phenomenon, where in the absence of other phonon scattering 
mechanisms boundary scattering effects are observed as the 
phonon mean free path approaches the sample dimensions. In 
solid solutions such as silicon-germanium alloys, however, 
because a large proportion of the heat is carried by low 
frequency phonons, boundary scattering effects can manifest 
themselves in the region of the Debye temperature and above 
and in principle lead to a reduction in the lattice thermal 
conductivity. 

In thin films of germanium the carrier mean free path is 
unaffected by boundary scattering down to thicknesses of 
0.1 wm (ref. 4) and measurements on high density heavily doped 
hot pressed silicon germanium alloys with grain sized <70 pm 
(ref. 5) and <10 ym (D.M.R. and N. Madini, unpublished data) 
indicate that the electrical conductivity and Seebeck coefficient 
differ from single crystal values by less than 5%. 

In 1976 a theoretical model was proposed for heavily doped 
fine grained silicon germanium alloys® but the combination of 
hot pressing and heavy doping complicates the situation, and in 
spite of refinements to the model there had been no Satisfactory 
quantitative description of the thermal and electronic 
behaviour’. However, some theoreticians agree that in alloys 
with a grain size of <l um a reduction in K, of 20-30% 
compared with the K, for single crystal material would be 
observed. 


Table 1 Room temperature properties of investigated Si-Ge alloys 





K S p=0o K. K, 

(Wm (V (x107 (Wm? (Wm 
Specimen kK K`?) Qm) ey Ko) 
Single crystal 5.07 116 0.85 0.76 4,31 
10<L <25 pm 4.93 129 1.05 0.72 4.21 
5S<L <10 pum 4.26 133 1.10 0.69 3.57 
L< 5pm 3.82 131 1.05 0.72 3.10 
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Fig. 2 K jot pressea/H single crystal 28 a function of grain size for 
heavily-doped silicon—germanium alloys. 


We investigated material cut from a single ingot of homo- 
geneous, zone levelled Si,; ;Ge3.,5 alloy doped n-type with 
phosphorus to about 1 x 10°°m™*. A disk shaped sample with 
suitable dimensions for thermal diffusivity measurement (6 mm 
diameter x1 mm thick) was cut from a slice from the ingot using 
an ultrasonic cutter. The remainder of the slice was crushed in an 
agate pestle then ground in an agate vibromill. The fine powder 
was sieved through a set of British Standard microplate sieves 
assisted by ultrasonic vibration®. Compacts 10 mm in diameter 
and 3 mm thick were prepared from starting powders possessing 
a grain size in the range 10<L<25 um, 5<L <10 um and 
<5 um using a vacuum hot pressing technique’. The density of 
the compacts was better than 98% of that of the single crystal 
starting material. A typical microphotograph of the polished 
surface of a compact is shown in Fig. 1, and it is apparent that 
little, if any, grain growth has occurred during compaction. A 
disk shaped sample was cut from each of the compacts and all 
four disks annealed at 1,000 °C under vacuum for 1 h followed 
by cuenching in cold water to normalize the carrier concen- 
tration and hence the value of K. (ref. 10). 

The thermal diffusivity a of the ‘single crystal’ starting 
material and of the three compacts was measured using a system 
based on the laser flash technique’'. Measurements on ARMCO 
iron indicated that the accuracy of the system was better than 
+2% at room temperature. Reproducibility of measurements 
was about the same. Seebeck coefficient data were obtained 
using a hot probe method (accuracy +3%) and carrier concen- 
tration and electrical resistivity values derived from carrier 
concentration versus Seebeck coefficient’? and electrical resis- 
tivity curves”. 

The experimental results are displayed in Table 1. Thermal 
conductivity values were obtained from the measured thermal 
diffusivity using the relationship K =C,a where C, is the 
specific heat per unit volume at constant pressure and values 
appropriate to the alloy investigated are taken from the lit- 
erature'*. The electronic contribution to the thermal conduc- 
tivity is given by K,= = £(k/e)’oT. Where £ depends on the 
scattering mechanisms of the charge carriers and for the material 
investigated 1s ~2.9 (ref. 7). The Seebeck coefficient of the three 
compacts are very similar but all are higher than the ‘single 
crystal’ starting material. This increase in Seebeck coefficient 
and the corresponding increase in electrical resistivity is due toa 
relatively small loss of dopant during the hot pressing operation. 
The lattice thermai conductivity decreases with a reduction in 
grain size and for the compact with a grain size <5 um is about 
28% iess than the ‘single crystal’ starting material. 

Our results are in reasonably good agreement with theory 
(Fig. 2) and confirm that in fine grained heavily doped silicon 
germanium alloys phonon scattering at grain boundaries results 
in a significant reduction in the lattice thermal conductivity. The 
implication is that thermoelectric generators which employ 
thermoelements fabricated from fine grained semiconductor 
alloys should exhibit substantial improvement in performance 
over those based on ‘single crystal’ or large grained materials. 

We thank the British Gas Corporation for partial support of 
the project, Professor D. J. Harris for use of departmental 
facilities, and Dr R. D. Nasby for supplies of alloy. 
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Despite the importance of meridional oceanic heat transport for 
the understanding of the climate system'’, most existing 
hemispheric and ocean basin estimates are necessarily indirect. 
Annual averages have been obtained for individual basins from 
sea~air heat exchange results’’, and for each hemisphere from 
measurements of net radiation at the top of the atmosphere and 
calculations of atmospheric energy transport*’. The latter 
approach, when used in conjunction with atmospheric and 
oceanic energy storage information, has provided monthly mean 
estimates of the meridional heat transport by the total Northern 
Hemisphere water body, but not its separate oceans’. 1 now 
present an estimate of the annual variation of meridional heat 
transport in the Atlantic Ocean, based on large sets of sea—air 
interaction and subsurface temperature data, which suggests 
that, with the possible exception of November—December, the 
heat flux is northward. 

_ Bimonthly averages of the ‘vertically and zonally integrated 
net meridional heat transport’ (VZINMHT) within the North 
and Tropical Atlantic Ocean (70° N-20° S, including the Gulf of 
Mexico and: Caribbean Sea) were obtained for fixed latitude 
circle ares spanning the entire basin (Table 1). The fundamental 
equation used was that for the heat budget of a local oceanic 
column, 


Q, =Q Q, (1) 


where Q, is the rate of lateral heat import/export by oceanic 
motions, Qs is the rate of net surface heat gain, and Q, is the 
column’s heat storage change rate. We computed average 
bimonthly integrals of these terms, with dimensions of Watts, for 
10° (extratropics) and 5° (tropics) latitude zones extending 
across the basin. Those for Qu. were obtained from existing 
sea~air heat exchange results. The Q, integrals were estimated 
using a set of subsurface temperature data acquired and proces- 
sed for this purpose. These results permitted Q, to be obtained 
from equation (1). The zonal Q, integrals were then converted 
into VZINMHT estimates (dimensions of Watts) for the zones’ 
bounding latitude circle arcs, by successively integrating 
southwards from assumed near-zero 70° N VZINMHT boun- 
dary conditions computed from ref. 11 (Table 1). The 
uncertainty in the VZINMHT results given by this procedure 
naturally increases away from 70° N, and becomes large in the 
tropics. This is shown in Table 1. Such uncertainty arises from 
the use of empirical equations to estimate Q,,., and from possi- 
ble temporal and spatial sampling biases and instrumental inac- 
curacies in the data sets described below. 
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Table 1} Latitudinal variation of bimonthly average vertically and zonally integrated net meridional heat transport (VZINMHT) within the North and Tropical Atlantic 
Ocean, including the Gulf of Mexico and Caribbean Sea (10° W) 


January- 


March- May- July- 
February April June August 

Lat. 300m 500m 300m 500m 300m 500m 300m 500m 
TOON +07 +07 +07 +07 +07 +07 +15 +15 
60° +85 +109 +18 ~02 +14 +22 +36 +454 
50° +126 +171 +57 +32 +29 +40 +59 +78 
40° +79 +83 +83 +58 +82 +117 +128 +162 
30° +101 +124 +107 +58 +126 +164 +148 +174 
os +101 +136 +126 +8} +113 +147 +169 +185 
20° +85 4439 +137 +86 +118 +170 +187 +195 
15° +83 +125 +149 +1401 +121 +172 +189 +194 
10° +90 +128 +197 +157 +75 +118 +180 +19] 

5°N +86 +120 +226 +193 +27 +60 +180 +201 

g7 +63 +79 +196 +164 +18 +6] +180 +203 

sS +50 +65 +137 +100 -04 +447 +170 +203 
10° +59 +77 +138 +108 ~t3 +35 +156 +194 
15° +49 +76 +142 +121 -i4 +23 +150 +187 
20° +57 +77 +111 +108 +01 +49 +152 +182 


September- November- 
October December Bimonthly Annual 
300m 500m 300m 500m uncertainty Average uncertainty 
iS +15 +09 +09 5 +10 5 
+24 +27 -06 ~—39 14 +28 & 
+50 +73 ~15  ~86 26 +52 12 
+90 +139 “al -129 42 +73 7 
+151 +216 -03 —106 63 +107 24 
+157 +230 -05S —117 76 +413 29 
+152 +227 -13 +148 90 +114 33 
+165 +256 ~33 ~-174 102 +115 37 
+162 +246 -45 ~-181 ils +113 41 
+163 +241 -37 ~168 123 +ill 44 
+211 +295 -77 ~-209 133 +102 48 
+253 +322 -107 —238 143 +86 31 
+257 +319 -121 ~256 152 +82 53 
+257 +331 -~106 ~—259 161 +83 57 
+260 +322 -115 271 170 +81 60 


Northward transports are positive; those for 70° N are boundary conditions computed from Aagaard and Greisman'', Vertical integrations to 300 m and 500 m depths 
are given separately. The domain treated has the following noncontinental lateral boundaries: Baffin Island east coast, 64° W in Hudson Strait, 66° W in Gulf of St 
Lawrence, 6° W in Strait of Gibraltar, and 8° E in Skagerrak Strait. The bimonthly uncertainties (10'> W) are based on possible errors of 15 W m`? in both Q are and Q, (refs 
6, 10) and 5x 10° W in the 70° N boundary transports. The annual average VZINMHTs listed are computed from annual average Qes; they are very similar to the annual 
means of the bimonthly VZINMHTs cited, due to the annual average Q, being extremely close to zero. The annual uncertainties (107° W) are based on possible errors of 


10 Wm” in the annual average Q and 5 x 10'? W in the 70°N boundary transport. 


The bimonthly average zonal Q, integrals were estimated 
from 233,957 individual temperature soundings, using a 5° 
Square spatial resolution. January-February values were 
cbtained from the difference between the mean heat storage for 
December—January and February-March, and those for other 
bimonthly periods were calculated similarly. The temperature 
soundings used were drawn from the 1967-76 files of a National 
Oceanographic Data Center (Washington DC) global set which 
has been fully described by Levitus and Oort'*. Their spatial 
density is greatest between 30° and 40°N, from which it 
decreases both northwards and southwards (Table 2). Because 
of uncertainty about the representativeness of the sub-250 m 
annual temperature variations?’ (only 54% and 20% of the 
soundings reach 300 m and 500 m, respectively), Q, was 
computed for both the upper 300 m and upper 500 m. Table 1 
contains VZINMHT estimates derived from each set of Q, 
results. 

The bimonthly average zonal Q, integrals were calculated 
from the monthly mean sea-air heat exchange results of Bunker 
(70°-30° N) and Hastenrath and Lamb’? (30° N-20°S). Both 
these studies obtained long-term averages of Q,,. from the 
surface heat budget equation 


OQVvte =SW 8 =-LW y T Q, Di Q. (2) 


The right-hand terms, which denote the net shortwave (SW 4, ) 
and net longwave (LW Ñ} ) radiation and the turbulent fluxes of 
sensible (Q,) and latent (Q.) heat, were estimated using con- 
ventional empirical equations and several million surface 
marine meteorological observations obtained from the National 
Climate Center (Asheville, NC). The data bases, methods, and 
uncertainties of each investigation have been fully discussed 
previously'*"'*, Bunker’s results, which are for Marsden (that is 
10°) square subareas of varying size'*, were derived from 
turbulent fluxes computed using the individual observations and 
variable drag coefficients necessary for the extratopics. Hasten- 
rath and Lamb’s results were preferred to Bunker’s in the tropics 
because of the apparent superiority of their SW tj input’, and 
the fact that their 1° square spatial resolution permitted the use 
of 5° latitude zones in this energy source region for the climate 
system. Bunker’s format required 10° zones. 

_ The most important annual average VZINMHT result in 
Table 1 is that this flux is directed northwards throughout the 
study region. It increases from 81 x 10'? W at 20°S to a broad 
3°-25°N maximum of 111-115x10W, due largely to 
substantial enhancement between 5° S and the Equator. There is 
a pronounced decrease poleward of 30° N, especially between 
30° and 40° N. The general pattern of these results is very similar 


to that recently obtained by Hastenrath*®, whereas earlier work 
found the mean annual VZINMHT to have a northwards 
maximum near 30° N°’, weak northwards“, or near zero? cross 
equatorial values, and a southward direction throughout almost 
all of 0°-20°S (ref. 5). From 40°N southwards, however, 
Hastenrath’s® northwards VZINMHTs are 40-60% larger than 
the present ones. This difference primarily results from Hasten- 
rath’s 40°-50° N Q,,. (taken from Budyko'’) being more nega- 
tive than the Bunker value used here. Budyko’’ failed to detect 
the warming of the Labrador current between Nova Scotia and 
Cape Hatteras Identified by Bunker and Worthington'’, The 
present annual average VZINMHT for 25° N (+ 113 x 10 W) 
is in good agreement with Bryden and Hall’s’* recent direct 
computation from oceanographic measurements (+ 110+29 x 
10° W). 

Many of the bimonthly VZINMHT estimates in Table 1 
possess considerable uncertainty, which requires that they be 
treated with some caution. Their most important result is the 
suggestion that northward transports may prevail throughout 
almost all of the study region during January-October. The 
northward flux out of the Northern Tropics seems to be 
strongest during July~October, when (particularly in Septem- 
ber-October) the northwards VZINMHT may also be largest at 
20°S and the Equator. This pattern is strongly enhanced for 
September—October when the storage computations are exten- 
ded to 500 m. The northwards VZINMHT evidently undergoes 
only a relatively small reduction in the Northern Tropics during 
July~October, whereas much more pronounced decreases are 
indicated for the 40°-50°N (July-August) and 30°-50°N 
(September—October) zones. May-June, in contrast, seems to be 
characterized by a northward VZINMHT that is very weak at 
20° S and the Equator, increases strongly between 0° and 15° N, 
approaches that of July-August at 30° N, then decreases uni- 
formly to 50°N. 

The most significant March-April result is the pronounced 
increase in the northward VZINMHT suggested to occur 
between 5°S and the Equator (Table 1). This converts a 
moderate northward flux at 20°S into an equatorial one 
comparable with that of July-October, and seems primarily 
responsible for the marked 5°S~-0° increase in the annual 
average VZINMHT (Table 1). During this bimonthly periad, 
the 0°-5° S zone experiences both a moderate positive Q and 
pronounced cooling in the upper 300 m (not shown). A pro- 
gressive decrease of the March-April transport occurs north of 
5° N. Table 1 suggests January-February is characterized by a 
northward VZINMHT that is quite small at 20° S, undergoes a 
moderate increase to 30° N, and may be stronger than other 
bimonthly periods at 50° and 60°N. The latter feature, along 
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Table 2 Number of 1967-76 subsurface temperature soundings available for 10° 
latituce zones of the Atlantic (including the Gulf of Mexico and Caribbean Sea), 
and the area of ocean surface (10? m’) in each zone 
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No. of soundings 








mented 


Latitude zone Ocean surface area 


60°70" N 2.94 10,184 
50°-60° 4,19 21,913 
40°50” 5.31 45,869 
307-40" 6.95 79,119 
20°-30" 8.80 41,233 
10°--20° 8.00 21,223 

0°-10° N 6.64 6,763 

O°-10° S 6.16 4,943 
10%-20° 6.12 2,710 





The noncontinental lateral boundaries of the domain treated are specified 
in Table 1. 


with the VZINMHT relative minimum at 40° N, arise from the 
North Atlantic having a maximum negative Q,, between 30° 
and 40° N at a time when its cooling is strongly concentrated in 
the 40°-50° N zone (not shown). However, the comparative lack 
of winter subsurface temperature data for this region (only 44% 
of summer amount between 40° and 60°N) may render the 
foregoing results suspect. 

The remaining significant feature of Table 1 is that its 
November-December results are in marked contrast to those 
for the rest of the year. The VZINMHT is suggested to be 
directed southwards throughout much or even all of the study 
region during November~December, and to show a general 
increase in this direction to a maximum at 10°~20°S. This is 
particularly indicated by the estimates derived from 500 m Q, 
integrals, which have substantial magnitude south of 40°N. 
Much weaker, and extremely uncertain, southward VZINMHTs 
were yielded by the 300 m Q, calculations, especially north of 
the Equator (Table 1). These November-December results arise 
from the oceanic cooling, especially when estimated to 500 m, 
exceeding the negative Qas north of 10°N (except for 30°- 
40° N), and from positive Q, values coinciding with lesser 
oceanic warming or oceanic cooling south of 10° N (not shown). 

Although the November-December results are rather 
surprising and therefore of potential interest, they should be 
regarded as highly tentative. In particular, there does not seem 
to be a fully acceptable rationale for the southward VZINMHT 
currently available. Furthermore, the higher latitude Q, and Qst 
estimates, on which all VZINMHTs depend, have a poorer data 
base for the cooler months than the rest of the year. Some 
relevant statistics were given above. If the November-Decem- 
ber VZINMHT is in reality directed northwards rather than 
southwards, however, the present results probably imply that 
such northward transport is weaker than in the other bimonthly 
periods. The November-~December results in Table 1 may 
therefore serve as a challenge to theoreticians and further 
stimulus for the planned programme to monitor the Atlantic 
VZINMHT near 25° N (refs 19, 20) directly. 
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The dissolved state of chromium in seawater has long been 
studied and in particular which species, trivalent or hexavalent, 
is predominant. Research results are not, however, consistent, 
although the method used has usually been the same—using 
ferric hydroxide as coprecipitation carrier (Table 1'-’). We have 
studied the coprecipitation behaviour of chromium with ferric 
hydroxide and other metal hydroxides in the presence of 
naturally existing inorganic and organic ions to attain an 
accurate analytical method for determining chromium content, 
as well as to estimate its behaviour in natural waters*’. We 
report here that neither Cr(v1) nor organic species coprecipitate 
with ferric hydroxide in seawater; Cr(v1) can be quantitatively 
captured by the coprecipitation with bismuth hydroxide without 
any pretreatment (such as reduction); and the role of manganese 
oxide should be considered in addition to the amount of dis- 
solved oxygen to understand the redox system of chromium in 
natural waters. The inconsistency of the past research may 
therefore be partly because the presence of organic species was 
not taken into account and was analysed as either Cr(vi) or 
Cr(in) or overlooked entirely. 

We have developed a method for the fractional quantitative 
determination of chromium in seawater. A 1.2-1 sample of 
seawater was filtered through a 0.4-u~m nucleopore filter 
immediately after which the sample was divided into three. To 
the first and second portions were added respectively ferric 
hydroxide and bismuth hydroxide precipitates, which had been 
prepared separately and thoroughly washed with distilled water. 
In seawater solution with a pH ~8 inorganic Cr(111) only copre- 
cipitates quantitatively with ferric hydroxide, inorganic Cr(111) 
and Cr(vi) coprecipitate with bismuth hydroxide while the 
organic species hardly precipitate at all with either hydroxide. 
The third portion was acidified with hydrochloric acid and 
heated with ammonium persulphate to decompose any organic 
matter. The pH of this portion was then adjusted back to 8 with 
aqueous ammonia and bismuth hydroxide was added. After 
these portions had been allowed to stand for 12h, the pre- 
cipitates were filtered and dissolved in hydrochloric acid. The 
iron and bismuth was removed by the solvent extraction method 
using a p-xylene solution of 5% tri-isoocthylamine, the aqueous 
phase evaporated to dryness, and the residue dissolved in a small 
amount of diluted nitric acid. The resulting solution was used for 
flameless atomic absorption analysis. The total amount of 
inorganic Cr(i11) present was determined from the first portion; 
the total inorganic Cr(im) and Cr(v1) from the second portion; 
and the total amount of chromium, including the organic species 
from the third portion. By performing the experiment with a 
*'Cr tracer, it was found that the recovery of chromium was 
> 95% in the coprecipitation procedure and >99% in the other 
procedures. The procedure was repeated five times with each 
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Fig. 1 Vertical distribution of chromium species and some standard components in the Pacific Ocean (32° 19.3’ N, 137° 33.5” E: depth 4,079 m). 
a, Particulate chromium; b, dissolved inorganic Cr(111); c, dissolved Cr(vi); d, organic chromium species; e, dissolved oxygen; f, pH; g, salinity. 


sample and the standard deviations for the first, second and the 
hird portions were 5.8, 2.4 and 5.1% respectively. The amount 
particulate chromium present was determined by analysing 
per used for filtrating the sample. __ 
ough there was no particular quality control to minimize 
omiut amination, seawater sampling was usually car- 
ried out in the direction of the wind and. plastic Niskin-type 
bottles were used to avoid metal contamination i in our research 
vessel. : 
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This method was used to analyse the samples of seawater 
collected in the adjacent seas of Japan in the summer of. 1979, 
Figures 1 and 2 show typical results from six stations in the _ 
Pacific Ocean and four stations in the Japan Sea, respecti' | 
The total average concentration of dissolved chromium 

10° M (0.48 Bgl ') in the Pacific Ocean and 8.1x 10° 
(0. 42 pel *) in the Japan Sea: consisti ig of 10-20% 
inorganic Cr(ut), 25-40% of Cr(v1) and 45-6 
species. The average concentration of particula e chromiu: 
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‘Fig. 2 Vertical distribution of chromium species and some standard components in the Japan Sea (44° 11.9' N, 138° 56.4’ E; depth 3,447 m). a, 
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d, organic chromium species; e, dissolved oxygen; f, pH; g, salinity. 
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Table 1 Literature data on the chromium contents in seawater 
Concentration of 
Ref. Locations chromium (pei ') Ratio of Crivp/Cran) 
t British coastal Crip 0.46 Crin) only 
Crivy 0 
2,3 Ligurian Sea Cran) 0.02-0.25 Cr(vi) > Crim) 
Crivi) 0.05-0.36 
4 Pacific Ocean Crò} 0.13-0.90 Cr(vD < Cri} 
Crívi 0.07-0.27 
5 Equatorial region of Cre) 0.24-0.52 Crivi)« Cra) 
Pacific Ocean Crivi) 0.03-0.11 
6 Northern north Pacific TotalCr 0.16-0.95 Cr(vi)< Crin) 
Ocean Crivi S-70% 
7 North-east region of Crim) 0.005 Criva > Crono 
Pacific Ocean Crivp 0.15 





3.6x10°'°M (0.07 gI’) in the Pacific Ocean and 4.2 x 
10°'° M (0.08 jg I`’) in the Japan Sea. Figures 1 and 2 show that 
the vertical distribution of Cr(v1) differs between the two Seas. 
In the Pacific Ocean there is a remarkable increase at a depth of 
1,000 m and below while in the Japan Sea there is a decrease. 
The ratio of Cr(v1) to inorganic Cr(i11) averages 2.7 in the Pacific 
Ocean while in the Japan Sea it averages 1.8. This difference 
cannot be explained by thermodynamical equilibrium and 
application of the oceanographical data, such as pH and dis- 
solved oxygen'’, because the two seas are completely oxy- 
genated. Hence we propose a model for the circulation of 
chromium in seawater as shown in Fig. 3. This model was 
supported by an experiment based on the geochemical fact that 
in manganese nodules the chromium content is extremely low 
compared with that in the marine sediments composed of clay 
minerals''. Thus, when the seawater solution containing 10°°M 
of Cram) was bubbled with air for >300h no hexavalent 
chromium was detected. However, when about 50 mgl ` of 
powdered manganese oxide (such as synthesized manganite and 
manganese nodules) were added, 10% of CrO) was oxidized 
within 100h. Organic complexes of Cr(t) (such as chromic 
citrate) were not oxidized within 100 h even if excess manganese 
oxide was present. From this model, the behaviour of chromium 
in seawater can be explained as follows. When inorganic Cr(111) 
is adsorbed by suspended particles it is oxidized by the catalytic 
action of manganese oxide during sedimentation or in the 
marine sediments. Direct oxidation with dissolved oxygen only 
is not appreciable. Cr(vi) is reduced by being taken into 
organisms or by reductive organic matter. When organic species 
form, oxidation ceases. 

Thus we interpret the difference of distribution of Cr(v1) 
between the two Seas as being due to the fact that the marine 
sediments contain abundant manganese oxide in the Pacific 
Ocean because they are oxygenated down to a considerable 
depth, whereas the sediments in the Japan Sea, except for a thin 
oxygenated layer at the surface reduce manganese oxide to 
Mn(11) (ref. 12). Accordingly, Cr(v1) is supplied to the water 
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column in the Pacific Ocean, but not to the Japan Sea. In 
addition, the Cr(v1) supplied from suspended particles does not 
seriously effect its vertical distribution because their chromium 
content is very low. 

We thank members of the staff of the Ocean Research Insti- 
tute, University of Tokyo for their cooperation in the collection 
of samples. 
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One of the reasons for the continuing interest in the global sea 
level is that secular variations may be caused by climatic 
changes. Such a change could, for example, be an atmospheric 
warming due to CO, accumulation. Changes in the amount of 
ice in the major ice sheets will be refiected in secular variations 
of sea level; it has, for example, been suggested that ice-shelf 
thinning may change the drainage of parts of the Antarctic Ice 
Sheet’. Attempts to monitor climatic change by measuring 
global sea level will, however, be complicated by random 
fluctuations of the ice volume in the major ice sheets, themselves 
the consequence of random variations in the ice accumulation 
rate. Precipitation rates are highly variable, and this also applies 
to Antarctica’, which stores most of the continental ice mass. By 
means of a simple model for ice flow in the Antarctic, together 
with proxy data on precipitation variability derived from ice 
cores, I show that long-term sea-level variations with a standard 
deviation of roughly 5 cm are to be expected on this account. 
This ‘climatic noise’ is comparable in magnitude with many of 
the secular effects now being sought. 

Any changes in the volume of the Antarctic Ice sheet are 
damped by a mechanism involving several drainage systems’. In 
these systems ice is discharged to the ocean by horizontal 
pressure gradients resulting from differences in elevation of the 
ice surface. If the ice thickness of a drainage system is increased 
(without changing the mass balance—the yearly gain of ice mass 
at the surface), the mean pressure gradient from the interior of 
the drainage system to the ocean will become larger. The 
subsequent increase in ice-mass discharge will try to restore the 
original ice thickness. In the following, we will measure the 
strength of this damping by the relaxation time, fg, which 
indicates how fast the system can return to equilibrium. 

Once this time scale is known, the effect of random fluctua- 
tions in the mass balance on the volume of the Antarctic Ice 
Sheet can be estimated with a simple stochastic model. A 
framework for the application of stochastic models to climate 
problems has been presented by Hasselmann’*. Here I will use a 
simple model, consisting of a rate equation for ice thickness with 
a linear damping term and an additive stochastic term to 
represent the fluctuations in the ice accumulation rate. 
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Fig. 1 Steady-state ice thickness Hy, as a function of the 

mass balance Go, for three values of the flow parameter K 

(m~*”? yr“'), The vertical line indicates the present mass balance 
over Antarctica. 


To obtain a value for tp, we can turn to a schematic physical 
description of the dynamics of large ice streams. As proposed by 
Nye’, we use a flow law for the vertically integrated horizontal 
ice velocity (denoted by u), which should account for both 
internal deformation and (moderate) basal sliding. It reads 


u = kr” (1) 


where 7, is the basal shear stress and k and m are constants. The 
basal shear stress is proportional to the ice thickness, H, times 
the slope of the ice surface. For simplicity, we assume that the 
bedrock is flat. After some manipulations, a one-dimensional 
ice-sheet model based on the conservation of ice mass, can be 
formulated as follows 


dH ð a 
enon SIT seamen amnre + 
at xl? J ae A 
where 
, m-l 
D=k al 
ax 





The x axis is oriented in the direction of the mean ice velocity in 
the drainage system, that is, from the interior of the Antarctic 
continent to the ocean. The mass balance is denoted by G(x). I 
have used the model formulated by equation (2) in some other 
studies. (See ref. 6 for details.) Current values for m are within 
the 2-3.5 range. Here we adopt a value of 2.5. The flow 
parameter, k, will be chosen such that the present model 
produces the correct order of magnitude of ice thickness in a 
typical Antarctic drainage system. 

To make the model more tractable, we will now make it 
zero-dimensional by inserting in equation (2) typical values of 
the quantities involved. Let the typical ice thickness be H, and 
the typical horizontal scale for ice thickness variations Ly. To a 
first approximation, the dynamics of the drainage system can be 
described by 


dH, 
dt 


The constant, K, is not necessarily the same as k. The steady- 
tate ice thickness can easily be found by setting the dH,/dt to 
zero. The resulting relation between H, and G, is displayed in 
Fig. 1. Ly has been set to 1,000 km. Curves are shown for K = 1, 
2 and 6m™°” yr“, corresponding to H,= 2,311, 2,055 and 
1,712 m respectively, for Ga =0.17 m of ice per yr (which is 
about the average mass balance of the Antarctic Ice Sheet). 

To fit the description of ice-flow dynamics given above into a 
simple linear stochastic model, equation (3) has to be linearized 
around some reference state. For this purpose, it is natural to use 
the present state (although we cannot be sure that at present the 
Antarctic Ice Sheet is close to equilibrium), which will be 





= -KH LI" +G, (3) 


denoted by asterisks. We find 


me -K (2m + DAR" L5H, +G, (4) 
A prime denotes deviation from the reference state. According 
to equation (4), the relaxation time t, equals [K(2m+ 
DHP"LS”*?}'. Values of tg corresponding to HX = 2,353, 
2,097 and 1,746 m are 2,311, 2,055 and 1,712 yr, respectively. 
Apparently, fg is not very sensitive to the particular reference 
state we choose. 

At this point, we interpret G(t) as a stochastic process, 
representing random fluctuations in the mass balance. The 
quantity Ha is assumed to represent deviations of the mean 
thickness of the Antarctic Ice Sheet (note that this implies that 
the various drainage systems have the same dynamical charac- 
teristics, which seems a reasonable approximation for this 
analysis). To keep things as simple as possible, we assume that 
Go(t) is a white-noise process, which implies that the process 
H(t) has a spectrum proportional to 1/(1+w7t2.) (red noise). 
The total variance of H(t) equals t,5,, where So is the 
(constant) spectral density of the white noise*. In practice, a 
reliable estimate of S, is best obtained from mass balance 
measurements that are averaged over some time. If the 
averaging time is t, the following relation results: 


Tr, Eg (tt J Tg (5) 
Here, a denotes standard deviation and the tilde indicates that 
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Fig.2 Time series showing variations in ice accumulation rates, as 
inferred from stratigraphical studies on the ice of Greenland and 
Antarctica. The three upper curves are from ref, 7. Variability on 
time scales smaller than 30 yr has been removed from these curves. 
The lower curve shows 30-yr mean values of accumulation at the 
South Pole, computed from data given in ref. 8. Variability is 
expressed as relative deviation from the mean value. 
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Fig. 3 Two sea-level records generated by the stochastic model, with a length of 4,000 yr. Values of the constants used: tp = 2,100 yr, 
og = 9.85 cm ice per yr. 


snowfall fluctuations are uncorrelated. The value of og should 
then be divided by V5, which gives 7g = 0.0054 m ice yr™'. The 
resulting value of Cu, is about 1.35m. As the area of the 
Antarctic Ice Sheet is ~4% of that of the world ocean, the 
corresponding standard deviation of the sea level amounts to 
~$ cm. If we would choose the spatial scale of precipitation 
much smaller, the value of Cu, would also be smaller. For 
example, if nine independent regions were present, Cu, would 
be about 1 m. 

To show more clearly what happens, Fig. 3 provides two 
examples of sea-level records generated by equation (4). The 
process G4(t) was simulated by a random number generator, 
such that og = 0.008 m ice yr™'. The records, both spanning, 
4,000 yr, show that the major part of the variability is contained 
in the longer time scales. This is to be expected, because the 
relaxation time of the ice sheet is of the order of a few thousand 
years. 

The foregoing results clearly demonstrate that stochastic 
forcing of the Antarctic Ice Sheet by fluctuations in snow 
accumulation may contribute significantly to variations in global 
sea level. As revealed in Fig. 3, a sea-level trend of 4 cm in 
100 yr can easily be due to the process analysed in this study. 
Even if local sea-level changes are considered, this is by no 
means negligible. Other mechanisms creating long-term sea- 
level variability (like changes in atmospheric wind and pressure 
patterns, shifts in the oceanic circulation regimes, eustatic 
effects) lead to changes with the same order of magnitude’. 

It should be stressed that I have presented here an order-of- 
magnitude estimate. In the foregoing analysis several 
uncertainties exist. First, the estimate of og is very crude. A 
critical survey of all data on accumulation over the Antarctic 
continent is needed to derive a typical horizontal scale for 
accumulation anomalies. Another point concerns the very 
schematic treatment of the dynamics of the Antarctic Ice Sheet. 
The geometry of Antarctica is rather complicated (large varia- 
tions in bedrock elevation), so modelling of the ice flow by a 
zero-dimensional model can only give a crude approximation to 
reality. The assumption of constant L, is a poor approximation 
for regions where the Antarctic continent is not bounded by 
deep ocean but by a continental shelf, which makes it possible 
for the ice sheet to expand horizontally. 

In view of these points, perhaps the vertical axis in Fig. 3 
should be doubled, or halved. In spite of this uncertainty, 
however, this study reveals that a substantial part of global 
sea-level variability may be caused by random forcing of the 
Antarctic Ice Sheet. 
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Reconnaissance work in Kronprins Christian Land’ indicated 
the presence of one main nappe of late Proterozoic sediments”” 
thrust over Lower Palaeozoic platform carbonates similar to 
Peary Land’*. Our 2-month helicopter-supported work in 1980 
now indicates the presence of three thrust-bounded nappes. The 
Finderup Land Nappes, which occur in northern Kronprins 
Christian Land, contain a late Precambrian early Cambrian 
sequence in thrust contact above Silurian carbonates. The 
younger Vandredalen Nappe in thrust contact above the 
Finderup Land Nappes and Silurian carbonates occurs 
throughout Kronprins Christian Land and contains a thick 
sequence of late Proterozoic clastics and carbonates. In south- 
ern Kronprins Christian Land the Sefaxi Elv Nappe only 
contains Ordovician—?Silurian carbonates and is in thrust 
contact below Vandredalen Nappe. The nappes were involved 
in westward-directed thrusting (#150 km) and are probably a 
result of continental collision when the northern part of Iapetus 
Ocean closed in the late Silurian. 

On the east coast of Kronprins Christian Land (Fig. 1), a 
narrow belt of gneisses crops out to the east of Proterozoic 
sandstones which have been referred previously to the Thule 
Group**’, Both are probably equivalent to the Proterozoic 
Independence Fjord Group west of Danmark Fjord’® (Fig. 1). 
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The Proterozoic sandstones are intruded by numerous dolerite 
dykes and sills. West of Danmark Fjord (Fig. 1) an intrusive 
granophyre in the Independence Fjord Group has yielded a 
whole-rock Rb-Sr isochron age of 1,230 +25 Myr (ref. 11) and 
radiometric dates (minimum age) of interbedded clays give a 
1,380 Myr age’’. The Proterozoic sandstones of Kronprins 
Christian Land are probably of a similar age (> 1,000 Myr). 

The Proterozoic sandstones in Kronprins Christian Land are 
locally overlain by a conglomerate? consisting of large (10- 
190 cm) angular to rounded boulders of Proterozoic sandstone 
and dolerite. This conglomerate is followed at Hjgrnegletscher 
(E, Fig. 1) by a thin sequence of shallow marine clastics and a 
stromatolitic dolomite identical to the late Precambrian Fyns S¢ 
Formation of the area west of Danmark Fjord; but at Marmor- 
vigen (C, Fig. 1) the Fyns Sø Formation rests directly on the 
conglomerate. 

The Proterozoic sandstones in Kronprins Christian Land are 
deformed by strong Caledonian movements (H. F. Jepsen and F. 
Kalsbeek, personal communication). In Ingolf Fjord the Pro- 
terozoic sandstones and the overlying late Precambrian shallow 
marine clastic sediments are involved in a series of broad 
anticlines and narrow inclined. synclines, showing overriding 
movement to the west. South of Ingolf Fjord (Fig. 1) these folds 
are replaced by westward-directed thrusts of Proterozoic sand- 
stone over Fyns Sø Formation. Although the Proterozoic sand- 
stones are in part allochthonous in southern Kronprins Christian 
Land, they have not moved far, as the thrusts in the south pass 
laterally into folds in the north. 

To the west of the Proterozoic sandstones three large thrust- 
bounded nappes (Fig. 1) (or groups of nappes) with distinctive 
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Fig. 1 Simplified geological map of Kronprins Christian Land, 
North Greenland. 
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Fig. 2 Stratigraphy and facies distribution of the autochthonous 

(Foreland’ and Proterozoic ‘Swell’) and allochthonous (Finderup 

Land Nappes, Vandredalen Nappe and Sefaxi Elv Nappe) sedi- 
ments. 


stratigraphic sequences are present in Kronprins Christian 
Land: (1) The Finderup Land Nappes in the north (Fig. 1). 
These contain sequences of stromatolitic limestone and clastics 
of the Campanuladal Formation and deformed stromatolitic 
dolomite of the Fyns Sø Formation overlain by sandstones with 
Skolithos and bioturbated siltstones of the Cambrian Kap 
Holbæk Formation. (2) The Vandredalen Nappe of central and 
southern Kronprins Christian Land (Fig. 1) This consists of a 
thick sequence of turbidites (Rivieradal sandstones??) overlain 
by sands, silts, variegated shales, silts and red limestones (in part 
Campanuladal Formation) and stromatolitic dolomites (Fyns $ø 
Formation). This stratigraphic sequence is well exposed on 
Drgmmebjerg (B, Fig. 1), on Neglefjeldet (D, Fig. 1) and other 
hills west of Vandredalen. Basal turbidites of the Rivieradal unit 
also occur on a higher nappe at Marmorvigen (C, Fig. 1) and 
similar silty turbidites may be on separate nappes in northern 
Kronprins Christian Land. (3) The Saefaxi Elv Nappe in south- 
east Kronprins Christian Land (Fig. 1). This contains a sequence 
of dolomites with sandstone fissures which have been referred to 
the Danmarks Fjord dolomite’’, overlain by Ordovician to 
?Silurian black limestones and limy shales of the Centrum 
Limestone unit. 

In addition to these large thrust-bounded nappes, several 
complex imbricate zones are exposed along their eastern and 
western margins. To the south-east, near Marmorvigen and 
along the south-west side of the Szefaxi Elv (A, Fig. 1), the 
Vandredalen Nappe rests on the Szefaxi Elv Nappe and both are 
thrust over a sequence of Fyns Sø Formation and the 
conglomerate above the Proterozoic sandstones and dolerites. 

The Finderup Land Nappes occur to the north of a large ice 
cap (Fig. 1) so that its relationship to the Vandredalen Nappe is 
not clearly exposed. However, the late Precambrian and 
Cambrian Fyns Sø Formation and Kap Holbæk Formation of 
the Finderup Land Nappes appear to underlie the Vandredalen 
Nappe, and this is borne out by the fact that the beds of this 
nappe are directly in thrust contact with the folded Silurian 
platform carbonates in Finderup Land. 

To the west, the nappes are in thrust contact with the folded 
sequence of Ordovician and Silurian platform carbonates and 
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Silur:an trough clastics’. In the vicinity of the thrusts these 
Palaeozoic rocks are locally overturned towards the west. If the 
strike of the fold axes is a direct response to the direction of 
thrusting, the movement of the Vandredalen Nappe was 
between 260° and 280°, while in the north the Finderup Land 
Nappes seem to have travelled towards 310°. To the west and 
north-west of the nappes, the Palaeozoic beds show asym- 
metrical folds with steep or overturned north-west or west facing 
limbs to the anticlines. This disturbed zone stretches for up to 
40 km west of the present exposures of the nappes’ and, if it is 
due to deformation by the overriding nappes, it is possibly an 
indication that the nappes may have formerly extended to 
Danmark Fjord. Although some steeply inclined reversed faults 
occur in this region of disturbed Palaeozoic strata, none of the 
beds has been transported far; they are essentially autoch- 
thonous’. To the west of Danmark Fjord the same Palaeozoic 
platform strata are flat-lying and rest undisturbed on earlier 
Precambrian sediments. 

The stratigraphic sequences (Fig. 2) of the large nappes and of 
the Proterozoic sandstones to the east can only be correlated by: 
(1) The presence of the stromatolitic dolomites of the Fyns Sø 
Formation which are known to be late Precambrian on the 
platform to the west. (2) The presence of Skolithos and biotur- 
bated silts which suggests that the uppermost beds of the 
Finderup Land Nappes are Lower Palaeozoic, and perhaps 
equivalent to the Lower Cambrian Kap Holbæk Formation of 
Danmark Fjord. (3) The presence of Ordovician’ and ?Silurian 
fossils in the Centrum Limestone of the Szefaxi Elv Nappe. (4) 
The similarities between the basal lenticular conglomerates 
resting on the Proterozoic sandstones and those within the 
Rivieradal unit. 

Although none of these individually provides definite age 
correlations we believe that together they indicate the cor- 
relations suggested in Fig. 2. 

The Finderup Land Nappes both contain sequences of 
laminated and cross-bedded sandstones of the Kap Holbak 
Formation (with Skolithos) above the stromatolitic dolomites of 
the Fyns Sø Formation. The derivation of these nappes from the 
south-east suggests that early sliding occurred from an area of 
uplift to the east of southern Kronprins Christian Land. The 
folding associated with the northwesterly emplacement of the 
Finderup Land Nappes has resulted in an extensive area 
(inchiding both allochthonous and autochthonous rocks) of 
northern Kronprins Christian Land having strikes at variance 
with the rest of East Greenland and Kronprins Christian Land in 
particular. 

We agree with Frankl’* that the other large nappes are 
derived from areas east of Kronprins Christian Land. The earlier 
Saefaxi Elv Nappe mainly consists of a deep water facies of the 
Ordovician to ?Silurian Centrum Limestone, containing about 
400 m of thin-bedded black limestones and shales. The Sæfaxi 
Elv Nappe which underlies the Vandredalen Nappe, consists of 
entirely younger strata. Both nappes have apparently been 
derived from a source area east of the present day Proterozoic 
sandstone outcrop (Fig. 1), and both have deeper water facies 
than equivalent beds on the platform to the west. 

The oldest beds on the Vandredalen Nappe are here all 
assigned to the Rivieradal unit of Frankl’”. He named several 
phyllite, greywacke and sandstone units and considered several 
nappes were present, but we believe that all the late Pre- 
cambrian beds below the Campanuladal Formation on this 
nappe (Fig. 2) are part of a single turbidite and mud sequence on 
a single nappe which contains several areas (up to ~20 km’) of 
low-angle isoclinal folds. Because of its tectonic deformation it is 
not possible to estimate accurate thicknesses, but the lower part 
of the sequence comprises at least 1,000 m of mudstones (now 
slates and phyllites) and thin-bedded fine sand turbidites (some 
rich in calcareous detritus); and the upper part (about 1,500 m) 
includes thin- to thick-bedded, medium to coarse sand turbidites 
in addition to several mudstone units and two conglomerate 
horizons with rounded Proterozoic sandstone and dolerite 
clasts. It was one of these mass flow resedimented 


conglomerates that Frankl?’ wrongly interpreted as a tillite. 
These turbidite sequences are followed by several hundred 
metres of shelf clastics, ~600m of quartz-rich sandstones, 
multicoloured shales and red limestones of the Campanuladal 
Formation and finally by about 200 m of stromatolitic dolomites 
of the Fyns Sø Formation (Fig. 2). 

The presence of Fyns Sø Formation stratigraphically above 


` the Proterozoic sandstones in eastern Kronprins Christian Land 


(Fig. 2) implies that the Vandredalen Nappe, which also includes 
the Fyns Sø Formation, must have been derived from east of the 
Proterozoic sandstone outcrops in the Prinsesse Caroline- 
Mathilde Alper (Fig. 1). Frankl?” first suggested that the sedi- 
ments contained on this nappe came from the east. It seems 
probable that the allochthonous thick sedimentary sequences 
were deposited east of a swell formed by the Proterozoic sand- 
stones which were covered only by thin late Precambrian strata 
below the Fyns Sø Formation. The conglomerate on the Pro- 
terozoic sandstone swell indicates local uplift of the Proterozoic 
sandstones and this swell may have been the source of the similar 
rounded clasts in the resedimented conglomerates in the upper 
parts of the Rivieradal unit. 

If, as seems probable, the Finderup Land, Vandredalen and 
Sæfaxi Elv Nappes are all derived from the margins of the 
Iapetus Ocean", they would probably have originated east of 
the gneiss outcrops in eastern Kronprins Christian Land. A 
southeasterly source for the Finderup Land Nappes would imply 
a total transport distance of over 150 km, whereas an easterly 
source for the Vandredalen and Sæfaxi Elv Nappes suggests 
transport of over 100 km. 

The youngest age for the Silurian Profilfjeldet Shale and 
Turbidites, which were deformed by the overriding nappes, 
gives a maximum age limit for the Caledonian Orogeny in East 
Greenland. A precise minimum age of the thrusting in Kron- 
prins Christian Land cannot be established as no late Silurian or 
Devonian rocks are known. The Profilfjeldet Shale and Turbi- 
dites in Kronprins Christian Land may extend into late Wenlock 
time; the same turbidites in Peary Land extend into the middle 
Wenlock'*"'*. The Profilfjeldet Shale and Turbidites of Kron- 
prins Christian Land and the Peary Land turbidites are mainly 
derived from the east. In both regions the turbidites succeed a 
prolonged episode of Ordovician and Lower Silurian platform 
carbonates’®. 

The Caledonian Orogeny in Norway occurs at the same time 
as in eastern North Greenland. Wenlock rocks are involved in 
eastward-directed thrusting near Trondheim?” and Pridoli 
(Downtonian) conglomerates near Bergen are post-orogenic’”. 
It seems likely that the Caledonian Orogeny in both Greenland 
and Norway was due to continental collision in the late Wenlock 
and Ludlow, closing these northern parts of the Iapetus Ocean. 
It is also possible that just before collision some local areas of 
uplift provided a source area for the extensive Silurian turbidites 
of North Greenland’ in the late Llandovery and early Wenlock. 

We thank N. Henriksen, H. F. Jepsen, F. Kalsbeek and J. S. 
Peel for critically reading the manuscript. This letter is published 
with the permission of the director of the Geological Survey of 
Greenland. 
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in many embryos, the removal of cells whose descendants would 
normally have formed entire parts of the body pattern is 
followed by apparently normal morphogenesis, which implies an 
ordered readjustment of the activities of the remaining cells 
before their potentialities become restricted. Special cell 
lineages cannot underly the generation and regulation of pattern 
in such embryos’. It is proposed instead that there must be 
some regulatory communication system in the developing 
embryo that normally ensures an appropriate spatial pattern of 
differentiation but which is also able to adjust to the removal, 
addition or transposition of material at a sufficiently early 
stage**. Precise models for such a mechanism have recently 
been suggested®*'°, and have been tested experimentally’***, | 
have performed surgical manipulations at pre-gastrula embry- 
onic stages in two distantly related amphibian type: Xenopi 
and Ambystoma, and report here an assessment of the regula- 
tien achieved in terms of pattern proportions. The results are 
problematical for most current theories of pattern contrel. 
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Figure la depicts the commitment of cells to form four 
elements in the medio-lateral dimension of primary mesodermal 
pattern, during gastrulation and neurulation. Notochord is situ- 
ated middorsally, and the pattern progresses laterally through 
somite and pro-nephros to lateral plate for the ventrally centred 
remainder of the cylindrical cell sheet. The pattern is probably 
set up in a dorso-ventral time sequence between the onset of 
gastrulation and the early tailbud stage’* (that is, 10-30 h, 
depending on species and temperature), during which about a 
doubling of cell number occurs along the dimension concerned’. 
About 10° cells are involved, and pattern forms across some 
1-2 mm (60-100 cells) from dorsal to ventral midlines. 

Figure 1b describes the first experimental challenge to the 
regulatory system, the manufacture of artificially small (few- 
celled) blastulae that develop into early larval Stages without 
compensatory change in mitotic schedule among the remaining 
cells. Fate mapping’® indicates that removed blastomeres would 
normally have contributed pattern extending from the ventral 
midline, sometimes to include the entire ventral pair of ele- 
ments. Figure Ic shows transverse sections of normal and 
miniature sibling embryos at the late tailbud Stage, at which the 
differentiating pattern was assayed. Embryos were scanned for 
cell number incorporated into each pattern part, between set 
positions in the antero-posterior axis of pattern, that is, the 
anterior end of the pro-nephros and the posterior gut opening as 
in Fig. 1d. Scans of about 25% of this cell population (using 
regular subsets of the serial transverse sections and an 
Abercrombie correction factor) revealed that morphologically 
small embryos contained 25-60% of the mesodermal cell 
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Fig. 1 a, The determination of pattern. Density of stippling in the middle mesodermal layer of the gastrula on the left, in transverse section, shows the classically 
recognized distribution of fates for the cells (in normal development), as they migrate forward (at right angles to the plane of the page) in the form of a coherent, 
roughly cylindrical, one cell-thick sheet. On the right, the same stippling represents the determined and anatomically visible zones of mesodermal structure at later 
‘post-neurula) stages. Although these structures are solid due to piling up of cells towards the dorsal midline, their proportions in terms of cell numbers probably 
represent determinative events occurring in the earlier, essentially mondlayered situation. Notochord (not) is a small (4%) rod-shaped mid-dorsal population, while 
paired somite (som) and mid-ventral lateral plate (J pl) zones each comprise ~40% of the cells. The remainder is devoted to the paired pro-nephric (pn) zones lateral 


to the somites. Determination seems to proceed in a dorso-ventral time sequence, 


Starting with notochord, near the onset of gastrulation, but interactions that 


accompany grafting, or the co-culture of isolates, can alter development from more ventral regions until neurula stages. ec, ectoderm and neural structures induced 
‘rom these; mes, mesoderm. b, Size reduction; ventral blastomeres were destroyed by pricking with a fine tungsten needle in an animal-to-vegetal sector, at morula or 
very large-celled blastula stages, with vitelline membrane and a thin jelly coat remaining on the embryo. Wax-coated dishes were used, containing 20% Niu-Twitty 
solution adjusted to pH 7.2 with dilute HCI. Dying material loses adhesivity for the healthy blastomeres and is squeezed out through an appropriately positioned slit in 
the coats, with rounding up and healing of the reduced blastula. Such blastulae were demembranated and kept with normal siblings in 10% Niu-Twitty on glass, until 
stages of fixation. The healed embryo, which reveals the loss of material in its size and reduced area of dark pigmentation, is shown to scale with the early gastrula 
section (in the appropriate plane) of a. w marks mid-dorsal ina and b.c, Transverse section of small and normal sibling Ambystoma embryos at mid-trunk levels, as 
scanned in cell number sampling. Counts of nuclear density in the various mesodermal zones in this and the horizontal planes of section reveal that the adaptation of 
pattern to scale of the tissues is a genuine reflection of the participation of fewer, normal-sized cells in each structure. end, yolky endodermal mass. Scale bar, 1 mm. 
d, The sampling method. A control and an operated embryo are shown, with sectional levels that bounded the region of the axis used to assay medio-lateral 
pattern proportions. Sampling thus scanned the mesoderm in a uniform way in each embryo but excluded the head and heart region anteriorly and the tailbud 
posteriorly, where relatively small proportions of the whole population are involved in morphologically complex situations. Scale regulation definitely occurs in 
the longitudinal aspect of head and body pattern?*. e, eye rudiment; fb, forebrain region; pn, outline of pro-nephros; som, outline of somites: tb, tailbud- 
pr, proctodaeum or original blastopore. 
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Table 1 Proportions in experimentally small embryos, in the patterns of original polarity in doubly organized embryos, and in control siblings 
ix achat E a a Sa at ee ee 
% Of control number of cells 
traversed in cross-section for 
% Of control small embryos, or % of host % Mesoderm cells devoted to: 
mesodermal cross-sectional population Lateral 
Species Sibling set cell number involved for double dorsals Notochord Somite Pro-nephros plate 
Ambystoma 
smail embryos i Control 3.7 44 10 42 
Exp. 51 69 4.5 44 12 39 
2 Control 4,2 39 11 46 
36 58 5.5 40 14 40 
Exp. 25 35 5.0 39 ND 56 
4.1 45 8.7 42 
3 Control* f 3.7 38 1} 47 
Exp. 41 59 4.8 39 11 45 
Double-dorsal embryos 1 Control 3.8 50 10 36 
{ 4.1 46 11 39 
4,2 43 9.4 43 
Exp. i 74 4.6 48 12 35 
56 6.0 51 8.7 34 
2 Control 3.9 37 10 49 
4.3 43 12 4] 
Exp. 64 4.1 36 9.5 50 
59 5.0 36 15 43 
Xenopus 
small embryos 1 Control” 4.2 43 6.8 46 
i 4.0 4i 9.0 46 
Exp. 45 68 4.0 37 1} 48 
2 Control” 5.2 46 6.8 42 
4.0 39 8.0 49 
61 72 4.0 33 10 53 
Exp. 39 52 4.5 40 1.5 54 
3 Control 4.0 44 il 4] 
Exp. 30 61 4.0 39 8,0 49 
4 Control 4.0 42 10 44 
Exp. 42 60 4.1 45 7.0 44 
Double-dorsal embryos 1 Control 4.0 37 9,2 50 
Exp. 58 5.0 44 7.8 43 
2 Control 4.1 39 8.4 48 
Exp. 68 5.1 43 ti 4} 
{ 67 6.0 44 78 42 
3 Control 63 4.2 40 8.4 47 
63 6.7 44 9.0 4Q 
Exp. f 65 5.9 45 9.7 39 
60 5.1 49 7.6 38 


For the method of scanning patterns, see text and Figs la, d and 26. ND, not differentiated. 
* Mesoderm population within controls differed over about a 20% range; the mean being used to derive % values for experimentals within each set. Two significant 
figures are used throughout, notochord and pro-nephros being small structures, somite and lateral plate large. 


number in synchronous control siblings, leading to patterns in 
which 30-70% of the normal numbers of cells were transected 
per section in the pattern dimension being considered. Struc- 
tures form essentially in paired strips or zones between noto- 
chord and lateral plate, so that the results of pattern regulation 
can be expressed as percentages of cells devoted to each struc- 
ture, relative to those in control siblings. 

Cell numbers and the proportions devoted to each pattern 
element can be assessed in the same way after a second type of 
operation, the grafting of a dorsal blastoporal lip or ‘organizer’ 
region from a donor early gastrula to a site in the ventral 
marginal zone of a late blastula host'*'’ (Fig. 2a). In these 
circumstances the embryo differentiates mesodermal patterns 
centred round two typical dorsal midline structures, but with full 
cellular continuity at their lateral interface or plane of mirror 
symmetry within the original cylinder of the mesodermal 
mantle. This is because the grafted organizer, while adhering to 
its own presumptive fate in development as the dorsal midline, 
has also interacted during gastrulation with the host mesodermal 
cell population to organize a second axial pattern, embracing 
~40% of that population and centred on itself. Cell counts as in 
Fig. id show that the total population within these mirror- 
symmetric mesoderms is indistinguishable from that in normal 
siblings at early differentiated stages as studied here (see also ref. 
2). Thus, as after the previously described operation, mitotic 
schedule has been unaltered during cell interactions that adjust 
pattern. 

Table 1 gives pattern proportions in embryos of every set so 
far examined. Because implanted organizers have only belated 
opportunity to interact with surrounding material, compared 


with the host’s original one, most models for the regulatory 
mechanism can explain how these may involve less than half the 
host tissue in a pattern of new polarity, as is usually observed. 
Attention is therefore confined in Table 1 to proportions in the 
single patterns of miniature embryos and to those in the patterns 
of original polarity, around the host dorsal midline, in the doubly 
organized ones. The behaviour within these latter patterns has 
the most distinctive relevance in assessing models (see dis- 
cussion below). However, note that when cell numbers are 
pooled from both patterns for each structure, embryos with two 
dorsal midlines have only a slight under-representation of 
‘ventral’ parts compared with normal, whereas an obliteration of 
at least the lateral plate territory might have been expected due 
to involvement of its tissue in new dorsal parts. 

The following points emerge from the data: (1) There is 
appreciable variation in proportion even among normal sibling 
embryos, perhaps exceeding that estimated during formation of 
the proximo-distal pattern of the bird limb’*. Nevertheless, as 
populations of observations, proportions within the homologous 
patterns at equivalent stages are remarkably similar within these 
two distantly related species. (2) Regulation is highly effective in 
assigning appropriate numbers of the available cells to the four 
pattern parts. Pro-nephros is relatively the most variable in 
proportions, in normal development and particularly in very 
small patterns where it may hardly exist. An apparent tendency 
for lateral plate to be over-represented in cases where pro- 
nepros is under-represented may imply that the latter is deter- 
mined after somite, in tissue which will otherwise become lateral 
plate. If we therefore estimate pattern as three elements only, 
that is, notochord, somite and pro-nephros plus lateral plate, 
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normal and experimentally small embryos become highly 
comparable populations in terms of proportions. Only noto- 
chord, probably determined soon after onset of gastrulation, 
tends to be rather over-represented where the scale is small. 
Regulation has been strikingly successful, as obliteration of 
lateral plate and often of pro-nephros would otherwise have 
resulted because of the particular cells deleted. A quantitative 
estimate of the degree of regulation after these experimental 
challenges is beyond the scope of this study due to the level 
of variation in the outcome of undisturbed pattern formation. 
(3) A new organizer, situated ventrally, exerts an active 
influence in scaling down the pattern formed, with normal 
polarity around the original dorsal midline, so that both 
contrapolar versions of the pattern may be almost complete 
despite sharing a normal-sized tissue sheet during their forma- 
tion. This requires, as observed, that the pattern centred round 
the host organizer (as well as that around the new one) has fewer 
cells in its dorsal parts than do normal versions. . 

Recent models of control of pattern in early development 
have arisen mainly from the notion of positional information‘, 
This postulates a cell variable or signal, describable as a quantity 
(for example, morphogen substance concentration), and dis- 
tributed in a monotonically graded profile between set ‘boun- 
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Fig. 2 a, Early gastrula donor and late blastula host viewed from vegetal 
aspect, presumptive dorsal midline uppermost, to show the implantation of 
the cell group from the dorsal blastoporal lip into a ventral marginal position 
at a prepared site. In the control sham operation, which is followed by 
normal development, the donor site is simply excised and replaced with 
another, similar cell group. b, Schematic transverse sections (as in Fig. la) 
through a normal embryo, and one having developed a second dorsal axis of 
, pattern through implantation of a dorsal lip, as in a. The axial level is nearer 
_ the anterior of the two boundaries indicated in Fig. 1d. Both experimental 
patterns, though sharing one cell population normal for the embryo's age, 
have approximately normal proportions. Results in Table 1 include only 
proportions for the pattern retaining its original polarity in these embryos, 
that is, the one orientated normally in the right-hand diagram. The effect of 
the new organizer on the scale of structures in the pattern around the old one 
is the most troublesome feature for models that would explain the results on 
the basis of positional information. 
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dary’ values across the available tissue for each pattern dimen- 
sion. Cells are held to interpret this gradient by adopting 
developmental pathways, or determined states corresponding to 
particular pattern elements, in response to experience of parti- 
cular absolute ranges of the signal variable. Thus stated, the idea 
is a formalism independent of hypotheses as to underlying 
mechanisms; in Fig. 3 the formalism is used to represent the 
normal medio-lateral pattern (a) and those actually seen after 
the two experimental challenges described here (version 3 of b 
and c). The gradient concept agrees well with the order and 
polarity shown by the sequences of parts in patterns, and for the 
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Fig.3 a, A gradient profile which should be taken to represent formally, in 
scale and proportions, the normal medio-latera! pattern within the 
mesoderm at determination, The four thicknesses along the baseline 
represent the extents of zones devoted to the four pattern parts, in terms of 
cell number within the originally monolayered mesodermal! cylinder. Arrows 
on the ordinate mark threshold values for a positional variable that would set 
the boundaries between parts on the positional information paradigm. The 
monotonic gradient is depicted as concavely nonlinear because most pro- 
posed mechanisms would give such a profile for, say, morphogen concen- 
tration after diffusion from a set (organizer) source. The present experimen- 
tal system offers no evidence for any dynamic second organizing boundary 
corresponding to a local ‘sink’. b, The experimental challenge of small 
embryonic size. Profile versions 1 and 2 represent expected results on some 
simple diffusion models (see text), while version 3 shows the observed result, 
and therefore the gradient profile that any true positional information will 
have assumed in order to produce it. c, The experimental challenge of double 
organization in a normal-sized field. Profile and baseline versions 1 and 2 
again represent the range of results (from non-interaction, to mutual ‘flood- 
ing out’ of gradient values) expected from the simplest model mechanisms. 
Version 3 represents the actual behaviour and thus the necessary gradient 
profile if positional information is to be used. A true positional gradient for 
this vertebrate pattern dimension would thus have to (1) convey significant 
local information across much of its extent, and therefore be not extremely 
nonlinear (note that pro-nephros is both correctly positioned and 
significantly size-regulated across a range of scales, and is near the midpoint 
of pattern) and (2) be able to restore its lowest values to cells normally 
experiencing middle values, when the normal low cells were removed or 
replaced by a second upper boundary. These are demanding requirements, 
and alternative theories of pattern control might be more parsimonious, and 
potentially testable. 
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phenomenon of the organizer (that is, a pre-determined ‘upper 
boundary’ cell group controlling each pattern). But concrete 
models for positional information mechanisms must be able to 
explain, or produce during computer simulations, gradient 
landscapes whose scales and profiles would give the empirically 
seen results when interpreted as in the formalism. 

Models where the organizer is a source at a pre-set level for a 
diffusing morphogen, and cells elsewhere are sinks, are in- 
adequate. In such schemes, each set of parameters for diffusion, 
synthesis and destruction of morphogen, implies a gradient or a 
set time sequence of gradients that occupy particular spaces 
when embracing a particular concentration range. They would 
thus lead to profiles between versions 1 and 2 of Fig. 3b and c, 
corresponding to lack of regulative replacement of ventral 
pattern, or even to the expansion of dorsal parts due to ‘flooding 
out’ of ventral positional values. Models which use reaction- 
diffusion mechanisms®*’’*° are better, as they can produce 
certain size-regulated gradient profiles, and steepen gradient 
slopes in systems that have become bipolar in a way that would 
correspond with present results. Their capacities are stretched to 
the limits of plausibility, however, by the shape of gradient that 
would be required here (see Fig. 3 legend) and by the lack of 
evidence that any region develops ‘ventral’ organizer properties 
complementary to those of the dorsal lip. Models where each 
organizer acts initially to polarize morphogen transport in sur- 
rounding tissue, and thus produce its gradient, lead most easily 
to the necessary gradient profiles. However, there is no indica- 
tión of structure or physiology that could underlie massive 
‘uphill’ substance transport across embryos. 

Alternatively, we can question the hypothesis that cells form 
the pattern by interpreting a positional gradient alone. Diffusi- 
ble signal substances made within and specific to each develop- 
ing pattern part could be involved, acting as size/proportion 
sensors for the system because the rate at which they are made 
depends on how many cells are proceeding towards a particular 
determination, whereas the rate at which they are destroyed 
depends on total tissue present. These might control the sizes of 
elements by feedback inhibition that switches cells towards each 
successive state in a series. The role of each organizer would 
then be simply to ensure that onset of cell determination per se, 
leading to production of the succession of specific inhibitors, 
occurs as a coherent (medial to lateral) wavefront across tissue. 
Demands for sophisticated regulation in such a gradient system 
would be avoided. This type of model, further described else- 
where??? makes predictions which are testable and contrast 
with those of positional information theory’’, as well as 
accounting for interaction between organizers in scaling pattern 
parts (see Fig. 3c); see ref. 23 for discussion of formally similar 
models. 

I thank June Colville for histology, and the MRC for support- 
ing this work. 
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The bithorax genes are a group of homoeotic genes of 
Drosophila whose function is related to the control of segment 
development. They form a gene complex in which at least seven 
different loci have been identified’ *. Mutations at each of these 
loci produce a specific homoeotic transformation whereby a 
segment is transformed either in part or completely into ano- 
ther**. In embryos completely deficient for the bithorax genes, 
all the thoracic and abdominal segments resemble mesothoracic 
segments’. This observation, together with the segmental 
specificity of the mutant phenotypes, led Lewis? to suggest a 
model of genetic control in which the type of development in 
each segment is specified by the activation of a fraction of the 
total number of bithorax genes. Thus, lack of activity of the 
bithorax genes results in mesothoracic development, activation 
of the bithorax (bx*) and postbithorax (pbx*) genes produces 
metathorax (anterior and posterior respectively), and activation 
of these two genes with bithoraxoid (bxd*) produces the first 
abdominal segment and so on. Although this model explains the 
genetic and developmental data, it leaves unexplained forma- 
tion of the prothoracic segment. We now describe two unexpec- 
ted results: deficiencies for bithorax genes can lead to segments 
being transformed into prothorax, and there is a temporal 
sequence in the function of the bithorax system. 

We have studied the development of mutants in the locus 
Ultrabithorax which behave as deficiencies for some of the 
bithorax genes'*°. Trans combinations of Ubx alleles with any 
of the recessive bithorax pseudoalleles produce the phenotype 
of the recessive allele in question. As the Ubx alleles, like all 
bithorax deficiencies, are zygotic lethals, they cannot be studied 
in homozygous adults. Thus, description of the bithorax 
deletions has so far been restricted to the phenotype before 
death of embryos or first instar larvae*. Here we have used an 
alternative approach, whereby we induced clones of cells mutant 
for Ubx in fully viable heterozygous embryos or larvae and 
examined the phenotypes in the cuticle of adult flies, whose 
segment patterns are better known and easier to distinguish than 
those of the embryo or larva. Most of the zygotic lethals are cell 
viable in the adult cuticle’, and mutant clones can be recognized 
because they are labelled with cuticular markers (see Fig. 1). 
This method has the advantage that mutant clones can be 
produced at any desired developmental stage. In most experi- 
ments we used the Minute technique” to obtain very large clones 
in which the phenotype can be clearly defined. 

We chose the mutation Ubx'*° for most of the experiments 
because it produces very strong mutant phenotypes over bx, pbx 
and bxd. To avoid the possibility of effects of other mutants in 
the Ubx'*° chromosome, the flies used in the clonal analyses 
carried Ubx '*° over the deletion Df(3R)P9. This lethal genotype 
was rescued by a duplication in the first chromosome that carries 
all the bithorax genes in wild-type condition (see Fig. 1 legend 
for technical details). 

Clones were induced at4+2,7+41,1741,25+land58+8h 
after egg laying (AEL). Those induced at 4+2h AEL will be 
considered as blastoderm clones, and the rest post-blastoderm. 

We examined blastoderm clones all over the body. In dorsal 
structures they differentiated normally in all segments except 
the metathoracic and first abdominal ones. In agreement with 
previous results’'°, clones in the haltere showed a trans- 
formation into wing, because Ubx **°/Df(3R)P9 is deficient for 
bithorax and postbithorax activities. For reasons discussed 


© 1981 Macmillan Journals Lid 





Nature Vol. 290 30 April 1981 779 
G2 MITOSIS G1 
Fig. 1 Details of mitotic recombination to JOR OS pm a [orth ww ee eee : 
produce clones of cells defective in bithorax : Mie, Dp PIIS : 
activity in M(1)o"’Dp(3; I)PLIS/A w pP: ++ M(1)o s Op PIS (Ubx*) jE) Serene AR 


In(3LR)Ubx'°°, Ubx'*°e* /Df(3)P9 flies. 


The lethality and mutant phenotype of the 


l 


——~» Dies 


m ttt one RHR Ate Se gil 


f 
i 
i 
i 
| 
i 
a : ; ao oa . i 
combination Ubx'*°/Df(3)P9 in the third aa cata + + MOP + Dp PHS 
chromosome is rescued by Dp P115 which : o” + Op Pil nee een À 
carries wild-type alleles of the bithorax genes. ! ; a i % 
The diagram shows a mitotic recombination ! TOE A yw + £728 
event in the first chromosome (the genetic ! d ! a a a ttc Gr i | 
constitution of the third chromosome remains Freer cai ie ee —» Grows faster 
unchanged). Recombination proximal to Dp l yw +1788 i es oe 
P115 results in the loss of the wild-type K J a4 } 


bithorax genes in one of the daughter cells. 
This cell is simultaneously marked with y w 
and f°% (see ref. 12) and also loses the 


“Ot A nee mie mm seth ne tee dpe amne Site Ym Atie nen ett cin tie ging we ner 


NN ty rem AHR lhe NY tte te Hr ne ale nee mga ert re yume “ee 


Minute condition, which confers a growth advantage to the marked cell. The other daughter cell dies due to the presence of M(1)o*? 
homozygously". Note that mitotic recombination distal to Dp P115 and proximal to f° produces clones marked with y w f°® that remain wild 
type for bithorax. We estimate these are 20~25% of the total number of ywf>™ clones (see Tables 1 and 2). 


elsewhere’, thoracic cells cannot differentiate if they are in an 
abdominal system. Thus, the absence of mutant clones in the 
first abdominal segment indicates bxd transformation. There- 
fore, the phenotype of the Ubx'?°/Df(3R)P9 clones in the 
dorsal parts is the one expected for the triple deficiency for bx, 
pbx and bxd. 

However, clones found in the ventral thoracic structures 
(legs), where bristle patterns can be distinguished as pro-, meso- 
or metathoracic’, showed one important difference compared 
with those found dorsally—although they all respected the 
antero-posterior boundary line, the posterior clones of the 
second (IIP, mesothoracic) and third (IMP, metathoracic) legs 
showed a transformation into posterior first (IP, prothoracic) leg 
(Fig. 2). Clones in the first leg remained untransformed (Table 
1). This is the first evidence of transformation into prothorax by 
a mutation in the bithorax system. Note also that two different 
segments, mesothorax and metathorax, show the same trans- 
formation. The clones in anterior compartments behaved 
differently—in the first and second legs they remained untrans- 
formed but in the third leg they showed a transformation into 
second. This is the phenotype of mutations in the bx locus. 

Postblastoderm clones were induced at 7+1, 17+1, 25+1 
and 58+8h AEL (Table 1), the last time corresponding to the 
middle of the second larval period. Clones were found in all 
body segments and their phenotypes were as described for the 
blastoderm clones except that at 17 h AEL and at later times IIP 
and IHP clones were no Ion ger transformed into IP. Instead, IIP 
clones remained as IHP and those in IHP were transformed into 
HP; that is, they showed pbx phenotype. At 7+ 1h AEL some 
clones showed prothoracic and others a mesothoracic pattern. 
Thus, the transition period between prothoracic and meso- 
thoracic transformation is at about 7 h of development. These 
results have been confirmed with nine new Ubx alleles induced 
in our laboratory’! and also with Ubx ', which, unlike Ubx '°, isa 
point mutant not associated with any chromosomal rearrange- 
ment’”'?, In this latter case we found four blastoderm clones in 
HIP and two in IIP: all transformed into IP. We have also 
studied the legs of a sample of 32 gynandromorphs (lent by M. P. 
Capdevila and F. Miñana) in which the male part was mutant for 
Ubx'. The phenotype of the gynandromorph clones was the 
same as the blastoderm clones. 

Thus clones of the same genotype, occupying the same posi- 
tion in the adult structure, show different mutant phenotype 
depending on the time of clone induction. This can be best 
explained if the clones are deficient for several functions which 
are required in a temporal order. It also suggests the existence of 
an unsuspected gene in the bithorax system, required for the 
normal development of the mesothoracic and metathoracic 
posterior legs. 

To test whether this gene is different from pbx which acts in 
the same position, we tested whether partial duplications of the 


bithorax complex can cover the posterior prothoracic trans- 
formations but not the pbx transformation. We used 
Tp(3)bxd "°° (see ref. 12), a euploid chromosome where some 
but not all the bithorax genes (bx, Cbx and Ubx but not bxd and 
pbx ) are transposed to the left arm of the third chromosome. It 
has a breakpoint between polytene bands 89E2-3 (ref. 12) 
(within the bithorax region, which extends cytologically from 
89E1 to E4) and is mutant for pbx. By meiotic recombination we 
can replace the left arm of this chromosome by a normal one 
generating a deletion for all transposed genes. This 
chromosome, Df(3R)bxd'’, is also mutant for pbx and 
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Table 1 Homoeotic transformations shown by yw p ™, Ubx 9°/DIGRIPO 
clones found in the posterior compartments of the legs of 
Milio Dp; 1)P115/y wf% ,; In(BLRjUbx'*°, Ubx'™e'/DIOR)PS females 
after irradiation (500 rad) at different times in development 








Age at 
irradiation Phenotype of the clones found in 
(th AEL) No. sides IP leg Hp leg HIP leg 
4x2 1,332 IP(22) IP(13) IP(14) 
ITP(2) HIP{3) 
7+1 424 IP(7) IP(3) IP(1)} 
IIP(9) IP(2) 
HIP(1) 
17+1 
25+1 2,030 IP(36) IIP(36) TEP(35) 
SEER HIP{12) 
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Data from irradiation at 17+ 1, 25+ 1 and 5848 h AEL are pooled as there was 
no difference between them. The actual number of clones observed is shown in 
parentheses. In HP and HIP where homoeotic transformation is seen there is 
always a fraction of clones that remain untransformed. These are probably the 
result of mitotic recombination distal to Dp(3; 1)P115 and proximal to forked (see 
Fig. 1). Dorsal clones induced in this experiment were untransformed except in the 
metathoracic and first abdominal segments. Clones in the haltere were trans- 
formed into wing, anterior clones could completely reproduce the anterior wing 
compartment (bx transformation} and posterior clones could make a posterior 
wing compartment (pbx transformation). In no case did a clone cross the añtero- 
posterior compartment boundary, either in the metathoracic where they produce a 
transformation or in mesothoracic segment where they have no homoeotic effect. 
No mutant clones were found in the first abdominal segment. This result is similar 
to that described* for clones homozygous for Ubx ' and for bxd ' induced during the 
larval period, and probably indicates the transformation of first abdominal histo- 
blast cells into metathoracic or mesothoracic cells. As a control we looked for 
clones in sib flies of the genotype Dp(3; 1)P115 M(1)o*/yw fm, 
Dp(3; PS/InGLR)Ubx °°, Ubx +e” where a mitotic event of the type described 
in Fig. 1 produces y w f* clones that remain wild type for the bithorax complex. 
None of the clones found, either in legs (72 in total) or elsewhere in the body, 
produced homoeotic transformation. To test the remote possibility that trans- 
formation into prothorax could be caused by the excess proliferation of M * clones 
which could interact in some unexpected manner with surrounding slowly proli- 
ferating Minute cells, we irradiated at 4+2h AEL embryos of the genotype 
Dp(3; DP115/y w°; DfGR)P9/In(3LR)Ubx'*°, Ubx %e*, In this case the 
y w f°“ clones proliferate at the same rate as surrounding cells. Out of five clones 
in HP leg, three were clearly transformed into IP and the three clones in HIP were 
transformed into IP. Thus the prothoracic transformation does not result from a 

difference in proliferation rate. 
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generates an equally strong pbx transformation to that of 
Tp(3)bxd '°°/pbx. We expected the wild-type gene responsible 
for the prothoracic transformation to be missing in 
Df(3R)bxd'°° but present in Tp(3R)bxd'°°, in which case blas- 
toderm clones of the genotype Df(3R)bxd'°°/Ubx'*® would 
show prothoracic transformation whereas blastoderm 


Tp(3R)bxd ‘°° /Ubx '*° clones would not. In both genotypes post- 
blastoderm clones should show a pbx phenotype. 

The experiments were conducted by the same method as 
those described for Df(3R)P9, substituting Tp(3)bxd'*’ or 
Df(3R)bxd'”° for Df(3R)P9. The results are shown in Table 2 
and they are exactly as expected: the prothoracic transformation 
is absent in Tp(3; 3)bxd'°°/Ubx'*® clones but present in 
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Fig. 2 Homoeotic transformation shown by y w f°“; Ubx a i 


Df(3R)P9 clones (below the dotted line) in the posterior 

compartment of the second leg. a, Blastoderm clone showing 

transformation into posterior first leg; b, post-blastoderm clone not 

showing transformation. Note the difference in the bristle pattern 

of the two clones. c Shows a blastoderm clone in the posterior first 
leg for comparison. 





Table2 Type of homoeotic transformation shown in the posterior compartments 
of the legs by blastoderm clones of the genotypes indicated 








Phenotype of blastoderm clones 


found in 
Genotype No. sides IP leg ITP leg [IP leg 
Df(3R)bxd '°°/Ubx '*” 910 1P(7) IP(6) IP(10) 
TIP(1) HIP(1) 
Tp(3; 3)bxd "° /Ubx *™ 976 IP(7) IP(8) IIP(6) 
HIP(1) 


n 

Clones were induced after irradiation (500 rad) at 4ż+2h AEL in female 
embryos of genotype ywf*®/M(1)o**Dp(3; 1)P115; In(3LR)Ubx'**, 
Ubx '%e"/Df(3R)bxd' in the first case and yw f**/M(1)o**Dp(3; 1)P115; 
In(3LR)Ubx '*", Ubx '*’e* /Tp(3; 3)bxd'‘°° in the second, Both genotypes are 
phenotypically wild type for bithorax. The number of clones found is shown in 
parentheses. Some clones in legs IIP and IIP did not show transformation 
probably for the reason mentioned in Fig. 1 and Table 1. Post-blastoderm clones of 
both genotypes showed mesothoracic transformation. 


Df(3R)bxd '°°/Ubx'*°. Therefore, the gene responsible for the 
prothoracic transformation is present in the transposed frag- 
ment and is not associated with pbx. It was previously thought 
that lack of bithorax function results only in mesothoracic 
development’. However, these results show the existence of a 
gene of the bithorax system that, if mutant, transforms the 
posterior compartments of both mesothoracic and metathoracic 
legs into prothorax. The gene is located to the left of pbx and 
included in the fragment of the bithorax complex missing in 
Df(3R)bxd ‘°°. Its function is necessary for the development of 
the mesothoracic and metathoracic segments and its realm of 
action is defined by the antero-posterior compartment boun- 
dary. Like the genes bx, pbx and bxd, this one also is inactivated 
by Ubx alleles. Following Lewis’ nomenclature we propose to 
call this gene postprothorax (ppx). Its period of function differs 
from that of bx and pbx; Ubx'*’/Df(3R)P9 clones show pro- 
thoracic transformation only if induced before 7 h AEL. Clones 
of the same genotype induced at 17h AEL develop as meso- 
thorax. Thus, ppx function is needed in early development but is 
dispensable thereafter, unlike bx and pbx whose functions are 
needed until the end of the larval period’. 

The two sets of genes seem to act sequentially: in the posterior 
metathoracic leg there is an early requirement for the ppx gene 
activity, which blocks prothoracic development and directs the 
cells to the mesothoracic pathway. A few hours later pbx * gene 
function is required, preventing mesothoracic and allowing 
metathoracic development. Thus the final developmental route 
taken by the posterior metathoracic leg is specified by the 
combined sequential function of ppx and pbx. This suggests a 
temporal mechanism in the genetic process of thoracic and 
abdominal determination. Each segment would undergo a suc- 
cession of determinative steps, each genetically implemented by 
the activation or inactivation of a particular homoeotic gene. 
The final development of each segment would be specified by a 
unique combination of active genes. 

The ppx transformation affects only ventral structures (legs) 
whereas bbx (and bx) transforms the dorsal (halteres) as well. 
We cannot explain this difference but a common feature of all 
the homoeotic mutants producing transformation into pro- 
thorax is that this transformation is shown exclusively in the legs 
(for example Polycomb (Pc)'*, Extra sex comb (Scx)'* and 
Multiple sex comb"*), 

Although our results only show evidence for a posterior 
prothoracic transformation, the existence of mutations like bx 
and pbx, that produce homologous mesothoracic trans- 
formations in anterior and posterior compartments respectively, 
suggests the existence of an ‘anterior’ prothoracic gene which, 
when defective, would transform the anterior meso- and meta- 
thorax into anterior prothorax. This hypothetical gene need not 
be in the bithorax complex. 

The existence of prothoracic transformations produced by 
bithorax mutants apparently contradicts with results of Lewis”. 
He finds that embryos homozygous for Df(3R)P9 show a trans- 
formation of all segments into mesothorax. Our explanation 
for this discrepancy is that ventral landmarks used by Lewis 
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(denticle belts) are all anterior and the prothoracic trans- 
formation could only be seen in the posterior compartments. 
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uroblastoma cells serve as a useful model of neuronal 
development because compounds such as dimethyl sulphoxide 
(DMSO) and dibutyryl cyclic AMP cause them to undergo a 
process of controlled differentiation in tissue culture, during 
which they can extend long processes, develop characteristic 
excitability mechanisms, synthesize neurotransmitters and form 
synapses’”’. We have used the technique of fluorescence photo- 
bieaching recovery to study the lateral mobility of cell-surface 
constituents during the differentiation of neuroblastoma clone 
NIE-115 cells. The concanavalin A (Con A) binding sites 
appear as discrete patches distributed over the entire cell surface 
and exhibit lateral mobility in undifferentiated cells comparable 
with that of surface glycoproteins of other cells. After induction 
of differentiation, however, the vast majority of Con A binding 
sites become immobilized, and we present data which suggest 
that the mechanism of this immobilization may involve linkage 
to the internal actin network. 

Cells of the adrenergic clone N1E-115 were grown and 
passaged in Dulbecco’s modified Eagle’s medium supplemented 
with 2.5% fetal bovine serum, in an atmosphere of 10% CO.,, 
90% air, and replated in 35-mm plastic tissue culture dishes 
either with (‘differentiated’) or without (control) 2% DMSO. 
Cells were washed twice with Hank’s balanced salt solution 
before labelling with the lectins succinyl Con A or wheat-germ 
agglutinin (WGA), which had been con jugated with tetra- 
methylrhodamine isothiocyanate (E~Y Laboratories), or with 
the lipid analogue 3,3'dioctadecylindocarbocyanine iodide (dil). 
Observation was with a Zeiss Universal microscope equipped 
with a 63 1.25 n.a. water immersion lens and epifluorescence 
illumination. 





$ Present address: The Proctor and Gamble Company, Research and Development Depart- 
ment, PO Box 39175, Cincinnati, Ohio 45247, USA. 


Lateral mobility was evaluated quantitatively by the 
fluoresence photobleaching recovery technique*’, in which a 
laser beam is used as the excitation source and is sharply focused 
on a small area (1 um?) of the membrane of a labelled cell. A 
brief intense pulse then irreversibly bleaches 40-70% of the 
fluorophore within that region. Monitoring the recovery of 
fluorescence, as unbleached molecules subsequently diffuse into 
the bleached region, allows calculation of the relative amounts 
of mobile and immobile fluorophore and the diffusion coefficient 
of the mobile fraction. 

Con A binding sites were distributed in patches over the entire 
cell surface, including soma, processes and growing tips. This 
clustering was apparent even if the cells were prefixed with 3.7% 
formaldehyde, or labelled at 4 or 37°C. No bulk movement or 
capping of receptors was observed. Fluorescence intensity was 
dramatically reduced if labelled cells were subsequently 
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Fig. 1 Recovery of fluorescence after photobleaching. Cells were 
labelled with 12.5 ug mi~’ rhodaminated succinyl Con A at room 
temperature for 20 min, and then washed twice with the balanced 
salt solution. Each point represents the per cent recovery of 
fluorescence after bleaching a site on cells incubated in control 
conditions (a) or after treatment with 2% DMSO (b) for the 
number of days indicated. c, The percentage of measurements 
showing immobilized Con A receptors (<10% recovery of 
fluorescence after photobleaching) when exposed to control (O) 
and differentiating (@) conditions for the number of days indicated. 
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Table 1 Glycoprotein and lipid probe mobility on neuroblastoma cells 





Nature Vol. 290 30 April 1981 





simply to the lowered rate of cell division seen with differentiat- 
ing agents because de Laat et al. have shown protein diffusion to 
be slowest during mitosis’. Furthermore, serum withdrawal 
markedly slowed cell division® and induced neurite extension 
but did not reduce the mean fractional recovery or Increase the 
number of immobile sites (all sites were mobile, n = 6). 
Further investigation suggested that the cytoskeleton contrib- 
uted to the developmental immobilization. Although restric- 
tions of mobility might conceivably derive from changes in 
‘fluidity’ of membrane lipid™'®, the diffusion coefficient of the 
lipid probe dil was not significantly different in control and 
DMSO-treated cells (Table 1), suggesting that changes in the 
lipid environment were not responsible. On the other hand, as 
shown in Table 1, dissociation of components of the cyto- 


Mean 
Immobile 0D %*10'° fractional 
Probe Treatment sites (%) (em’s”') recovery (%) 
Succiny! 
Con A Untreated (51) 18s 1.341.0 36+ 28 
DMSO (all sites) 79 oe 7+15 
(56) 
Soma (31) RĀ — 8+ 20 
Hillock (13) 69 — 68 
Process (12) 83 _— 4+8 
Dibutyryl cyclic 
AMP (7) 71 a §+10 
Cytochalasin B 
DMSO (13) 23 1.6+0.8 23218 
No DMSO (10) 10 1.0+0.7 28+ 20 
Colcemid 
DMSO (8) es) oo 10+16 
No DMSO (10) 30 1.4+1.0 29 +21 
WGA 
Untreated (12) 50 von 12212 
DMSO (14) 64 ee 12+13 
Cytochalasin B 
DMSO (14) 50 =n 14+12 
dil 
Untreated (10) 0 101 +20 ne 
DMSO (9) 0 122+ 50 — 
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Cells were labelled with 12.5 ug mi * succinyl Con A (10-20 min), 
12.5 pg ml! WGA (20 min) or 10 pg ml” dil (3 min) and washed twice 
with the balanced salt solution. Treatment with DMSO was for 2-14 
days, and with dibutyryl cyclic AMP for 7 days. Cytochalasin B was used 
at a concentration of 10 pg ml’ during the preincubation (30 min) and 
left in the dish during measurements. Colcemid was used at a concen- 
tration of 0.4 pgm]? during the preincubation (30 min) and then 
removed by washing. To achieve satisfactory signal-to-noise ratio, an 
individual diffusion measurement of dil often involved adding several 
successive recoveries from repeated bleaches at a single site, The 
immobile sites are those which showed less than 10% recovery after 
photobleaching. The diffusion coefficient (D) and mean fractional 
recovery are shown as mean +s.d, and were calculated using the theory 
developed by Axelrod et al”. D is related to the half-time for recovery, 
tia, by D = yw" /(4t, 2) where y is a factor that takes into account the 
extent of bleaching and w is the focused laser beam radius at the g” 
intensity point. The fractional recovery is the per cent of fluorescence 
that returns after bleaching of a site. The number of sites measured 
under each treatment is given in parentheses. 


incubated with 50 mM a-methyl mannoside, demonstrating that 
the Con A was binding to sites on the surface of the cells and had 
not been internalized. 

Most Con A receptors were mobile on control cells (Fig. 1), 
with a diffusion coefficient of 1.3x 10 ° cm’ s”', comparable 
with that measured for membrane proteins in many cells*. In 
control cells neither the number of immobile sites nor their 
diffusion coefficient changed for periods of growth of up to 2 
weeks (by which time cells had reached confluency). 

However, during differentiation induced by DMSO, we found 
a dramatic reduction in the number of sites at which receptors 
were mobile (Fig. 1). This effect was seen within 36h of the 
beginning of treatment and persisted throughout the 2-week 
study period, by which time the cells had extended long proces- 
ses. There was no accompanying segregation of Con A receptors 
to either soma or processes, nor, as shown in Table 1, did mobile 
sites persist in any particular region of the cell. It is clearly 
possible that in conditions that leave most receptors mobile, 
more subtle changes in the diffusion coefficient might be found 
on different parts of the cell. WGA receptors were also dis- 
tributed over the entire cell surface but showed no evidence of a 
change in the number of immobile sites during differentiation 
(Table 1). Treatment of cells with 1 mM dibutyryl cyclic AMP 
for | week also induces morphological and electrophysiological 
maturation’, and caused a similar degree of immobilization of 
Con A binding sites. These effects are unlikely to be related 





Fig. 2 Growth cone (a) and cell body (b) of a neuroblastoma cell 
treated with 2% DMSO, washed in balanced salt solution, labelled 
with succinyl Con A, fixed for 30 min in 3.7% formaldehyde and 
then labelled with 0.5 yg of NBD-phallacidin in 0.5cm* of 
balanced salt solution for 30 min and washed twice. It shows the 
correlation of the internal actin network, labelled with the NBD- 
phallacidin (top) and the external Con A binding sites {middle}. 
Bright field is shown at the bottom. In other experiments cells were 
labelled singly with either NBD-phallacidin (after fixation) or Con 
A (both before and after fixation) alone and the same patterns were 
observed. The NBD-phallacidin did not label unfixed cells, even if 
incubated for 48h. Fluorescence photomicrographs were taken 
using’ epifluorescent illumination and standard Zeiss filters for 
rhodamine or fluorescein (for the NBD-phallacidin). Control 
experiments revealed no ‘bleed through’: rhodaminated succinyl] 
Con A was not visible at the NBD excitation wavelength, and the 
NBD was not visible at the rhodamine excitation wavelength. Scale 
bar, 10 uM. 
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skeleton reversed the developmental immobilization. Most 


Cramatic was the effect of cytochalasin B, an agent that disrupts. 


microfilaments, and which reduced the percentage of immobile 
sites in differentiated cells from 79 to 23%. Incubations with 
colcemid for 30 min reversibly disrupt microtubules in these 
cells™ but only slightly increased the mobility of Con A recep- 
tors, suggesting a lesser role for microtubules in the immobiliza- 
tion process. Prolonged treatment (90 min) did increase the 
mobile fraction, but cells in these conditions had lost all proces- 
ses and many floated free. WGA receptors are immobilized by 
cytochalasin-insensitive mechanisms on both differentiated and 
undifferentiated cells. Thus, there are apparently constraints in 
the mobility of some surface molecules which are distinct from 
those which act on Con A receptors. 

We pursued this suggestion of cytoskeleton-membrane 
interaction by correlating the distribution of internal actin with 
that of Con A receptors. A fluorescent derivative of the 
mushroom toxin phallacidin has recently been demonstrated to 
bind actin specifically and with high affinity’. This 7-nitrobenz- 
2-oxa- 1,3-diazole phallacidin (NBD-phallacidin) does not seem 
to alter the distribution of actin filaments (by comparison with 
staining with anti-actin antibodies)’ even though the closely 
related toxin phalloidin can cause conversion of G- to F-actin‘. 
The actin network, as revealed by NBD-phallacidin, is concen- 
trated at the cell periphery and growing tips (Fig. 2). This 
punctate peripheral distribution was similar in control and 
DMSO-treated cells, and is identical to the distribution of actin 
described using anti-actin antibodies'*. Photographs of the 
ConA receptors on the same cell in the same focal plane show 
the remarkable correlation of Con A binding sites with regions 
of actin accumulation. This correlation was noted on surfaces on 
the cell soma, along the processes and on the growth cone. WGA 
binding sites, on the other hand, often were not associated with 
actin. 

Interactions between actin and cell membrane receptors are 
thought to underly capping in lymphocytes and other cells! 
and to guide anisotropic movements on cell surfaces'®. In some 
systems, there is evidence for linkage proteins that mediate 
cytoskeleton~membrane interactions”. During morphological 
differentiation of neurones, the immobilization of selected cell- 
surface components, under the influence of genetic and 
environmental cues, may underly acquisition of structural 
asymmetry and could serve not only to guide directed axon 
outgrowth, but also to enhance anatomical registration of pre- 
and postsynaptic structures. 

We thank L. Barak for his gift of NBD-phallacidin, A. 
Waggoner for his gift of dil and M. Nirenberg, R. Blumenthal 
and P. G. Nelson for their support and the use of their facilities. 
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One model of synaptic transmission suggests’ that transmitters 
modify postsynaptic permeability through the intermediary of 
cyclic AMP. Thus, serotonin (5-hydroxytryptamine) evokes in 
molluscan neurones a decrease in a voltage-dependent K* 
conductance”? which in turn generates a slow inward current 
when studied in steady voltage-clamp conditions’. The sero- 
tonin-induced increase of the plateau phase of the spike of an 
Aplysia sensory neurone can be mimicked by both intracel- 
lularly injected cyclic AMP and extracellularly applied phos- 
phodiesterase inhibitors‘, suggesting that cyclic AMP mediates 
the effect. We have tested whether a similar mechanism could 
account for the serotonin slow inward current in identified snail 
neurones and have found that the intracellular injection of cyclic 
AMP, but not of cyclic GMP or 5’- AMP, evokes a slow inward 
current showing similar voltage dependence, inversion potential 
and ionic properties to the serotonin slow inward current. 
Phosphodiesterase inhibitors at low concentrations (1-20 pM) 
potentiate the serotonin slow inward current and at higher 
concentrations evoke by themselves an inward current, partially 
or totally occluding the serotonin and cyclic AMP currents. 
Finally, we have found that in homogenates of pooled identified 
snail neurones serotonin stimulates the adenylate cyclase, 
increasing its activity by 50-100%. 

The experiments were carried out on identified neurones of 
the viscero-abdominal ganglionic mass of Helix aspersa (cells 
FS, F6, E1, E2, E15, E17 of Kerkut et al.*), The ganglia were 
isolated in a chamber and continuously bathed in circulating 
saline of the following composition in mM: NaCl 120, KCI 5, 
CaCl, 6, MgCl, 3.5, HEPES 10 at pH 7.4. The identified 
neurones were impaled with double-barrelled microelectrodes 
connected to a voltage-clamp circuit®. Serotonin was applied 
iontophoretically or through the circulating bath solution. 
Tetraethylammonium (TEA) ions, Cs*, EGTA, cyclic AMP, 
cyclic GMP and 5’- AMP were injected intracellularly by passing 
appropriate inter-barrel currents’ between the barrels of double 
microelectrodes. One of the barrels was filled with TEA-Cl 
(1M), CsCl (1M), EGTA (0.5M) or a 0.1M solution of a 
monosodium compound of one of the nucleotides and the other 
with 3 M KCI. In the experiments in which both cyclic AMP and 
a channel blocker (or EGTA) were intracellularly injected by 
passing inter-barrel currents in the same cell, assemblies of three 
intracellular pipettes were used. NaCl was replaced in the saline 
by either Tris-Cl or sucrose, keeping the molarity constant. 
CaCl, in the saline was replaced by CoCl,. When the extracel- 
lular Ca** concentration [Ca**], was increased or TEA-C] 
added to the saline, the molarity was kept constant by reducing 
the NaCl in the medium. Phosphodiesterase inhibitors (isobutyl 
methylxanthine, IBMX; RO 20-1724) were added to the circu- 
lating saline. Adenylate cyclase activity was assayed in pools of 
40 identified snail neurones dissected out from 15 ganglia, 
according to the technique of Levitan” slightly modified. 

Figure 1A compares the effects of extracellular application of 
serotonin and the intracellular injection of cyclic AMP in the 
same snail neurone. When the membrane potential was held 
between —100 and —30 mV, serotonin evoked a biphasic inward 
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Fig. 1 A, Voltage- A 
clamped snail neurone. 
The iontophoretic ap- 
plications of serotonin 
(5-HT) (a-d) and the 
intracellular injections of 
cyclic AMP (cAMP) (e-h) 
were performed in 
sequence while holding 
the cell at different 
potential levels (centre). 
Note that the early small g 
outward current evoked 
by serotonin in a (due to 
the activation of other 
receptors’) is not present 
in the cyclic AMP 
response (d) B, I-V curve 
relating the net currents 
evoked by iontophoretic 


suri 





-1 00 mipana 
r ! 


al, -HT 
O1cAMP 






+20 +50 E(mvV) 


applications of serotonin (A) and intracellular injections of cyclic AMP (©) in a snail neurone bathed in a saline containing 30 mM TEA to 
suppress other components of the membrane conductance and of the serotonin response. The steady-state I-V curves were first obtained by 
stepping the voltage from a holding level (+10 mV) to different levels of potential between ~90 and +50 mV and measuring the current 1 s after 
the onset of the pulse. The net currents evoked by serotonin and cyclic AMP were obtained by subtracting the steady-state curves obtained with 


serotonin and cyclic AMP from the control steady-state curves. 


current (Fig. 1A, c, d) which, as previously shown®”, was 
associated with an increase in Na* conductance. At levels more 
depolarized than —30 mV (Fig. 1A, a, b), serotonin evoked a 
much slower inward current which showed a latency of 3-5 s. In 
contrast, no effect of intracellularly injected cyclic AMP was 
observed when the cell potential was held between —30 and 
—100 mV (Fig. 1A, g, h), but at potentials more depolarized 
than --30 mV (Fig. 1A, e, f) cyclic AMP also evoked a slow 
inward current whose amplitude increased with further 
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Fig.2 A, Potentiating effect of IBMX on the serotonin slow 
inward current. a,, G}, Control serotonin slow inward currents 
obtained with the same iontophoretic current by varying the 
duration of the iontophoretic pulse a,, a, Responses to the same 
ionophoretic serotonin pulses as in a,, a2 but in the presence of 
20 uM IBMX in the extracellular medium. B, In another snail 
neurone, extracellular application of 100 uM IBMX evokes by 
itself an inward current and occludes the effects of the application 
of serotonin and cyclic AMP. 


depolarization (Fig. 1A, e) in parallel with the serotonin 
response. The only difference between the two responses was 
that the cyclic AMP response never showed other components 
resulting from the activation of other serotonin receptors such as 
in Fig. LA, a. 

The current-voltage (I-V) curve of Fig. 1B relates the 
normalized values of the net currents evoked by either extracel- 
lularly applied serotonin (full triangles) or intracellularly 
injected cyclic AMP (squares) to the levels at which the voltage 
was stepped for measuring the currents. It is clear that the same 
I-V curve fits perfectly the values of the net currents evoked by 
either serotonin or cyclic AMP. Both currents show a maximal 
value at about +10 mV and an inversion potential at about 
~55mV. Even if the inversion potential of both responses 
differed from the potassium potential, Ex (~75 mV in the snail 
neurones bathed in the same saline), it was sensitive to changes 
in the extracellular K* concentration. Intracellular injection of 
either 5’-AMP or cyclic GMP inside the same identified snail 
neurones had no effect. 

The fact that a cyclic AMP-induced slow inward current was 
only seen in cells that exhibited a serotonin slow inward current, 
together with the similarity of the I-V curves of the two slow 
inward currents, suggests that these currents reflect the same 
conductance change. To test this hypothesis we compared the 
ionic sensitivity and pharmacology of the two currents. Neither 
the serotonin response nor the cyclic AMP response was 
affected by the replacement of two-thirds of the extracellular 
NaCl by either Tris-Cl or sucrose or by the presence of 30 mM 
TEA in the extracellular medium. The amplitude of both 
responses increased in parallel when [Ca** ] was increased up to 
20mM. Moreover, replacement of the (Ca**], with Co** 
generated by itself an inward current and occluded the effects of 
both serotonin and cyclic AMP while intracellular injection of 
the K*-channel blockers TEA and Cs*, which evoked an inward 
current by themselves, also blocked the slow currents evoked by 
both serotonin and cyclic AMP. As was also the case for the 
serotonin slow inward current, EGTA intracellular injection 
had no blocking effect on the cyclic AMP slow inward current. 
Finally, when serotonin application evoked a maximal slow 
inward current it occluded any further effect of cyclic AMP and 
vice versa. Table 1 compares the properties of both slow inward 
currents. 

These results indicate that the extracellular application of 
serotonin and the intracellular injection of cyclic AMP both 
induce slow inward currents which reflect a decrease in the same 
voltage-dependent and [Ca’*])-sensitive K* conductance. 
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The next question is whether cyclic AMP mediates the effects 
of serotonin on the K* conductance whose decrease gives rise to 
the serotonin slow inward current. If a causal relationship exists 
between serotonin and cyclic AMP effects, it could be expected 
that the inhibitors of phosphodiesterase, the enzyme involved in 
the inactivation of cyclic AMP, should potentiate the response 
to serotonin. The results of our experiments were somewhat 
more complex. When IBMX was added to the bath in a concen- 
tration which, according to the cell, varied between 1 and 
20 uM, it caused, as expected, an increase in both amplitude and 
duration of the serotonin slow inward current (Fig. 2A, compare 
a, with a, and a, with a,). However, at higher doses (up to 
100 uM), IBMX itself evoked an inward current which occluded 
both the serotonin and cyclic AMP responses (Fig. 2B). Similar 
effects were observed when using other methylxanthine-type 
phosphodiesterase inhibitors such as theophylline and with 
non-xanthine compounds such as RO 20-1724. 

Our experiments suggest that the serotonin slow inward 
current results from the stimulation of an adenylate cyclase by 





Table 1 Comparative properties of slow inward currents evoked by 
serotonin Ís. yrr and cyclic AMP (Insp) 





I 3-HT I cAMP 
Increase of [Ca**], Increase Increase 
Decrease of [Cath Decrease Decrease 
a Block Block 
Intracellular TEA Block Block 
Intracellular Cs Block Block 
Intracellular EGTA No effect No effect 





serotonin. The latency of the serotonin response and the poten- 
tiating effects of the phosphodiesterase inhibitors favour such a 
view because it can be assumed that there is a basal activity of the 
cyclase and that the higher concentrations of IBMX could evoke 
increased accumulation of cyclic AMP which in turn would 
evoke a maximal decrease in K* conductance and thus occlude 
the responses to further extracellular application of serotonin or 
intracellular injection of cyclic AMP. 

This hypothesis was supported by assays of adenylate cyclase 
activity. The adenylate cyclase activity of homogenates of 
pooled identified snail neurones, measured by the production of 
cyclic AMP from ATP during 30-min periods, was 151+ 
12 fmol (mean +s.e.m. for triplicates) in basal conditions and 
283 +4 fmol in the presence of 10 uM serotonin, that is, sero- 
tonin increased the enzyme activity by 87%. 

In conclusion, the present results suggest that the decrease in 
voltage-dependent K* conductance associated with the slow 
inward current evoked by serotonin in snail neurones is actually 
due to serotonin stimulation of the adenylate cyclase activity. In 
a larger context these results, together with other effects of 
serotonin on molluscan neurones probably mediated by cyclic 
AMP*"®, support the idea that some synaptic actions may also 
depend on the activation of a second messenger system’. 

This work was supported by grants from the CNRS, DGRST 
and INSERM, France. P.D. was supported by a DGRST 
fellowship. 
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The primary function of the testosterone secreted by Leydig 
cells is the maintenance of spermatogenesis and hence fertility’. 
This action of testosterone is mediated by the Sertoli cells which 
nourish and support the developing spermatozoa’. As normal 
Sertoli cell function is so critically dependent on normal Leydig 
cell function, a regulatory influence of the Sertoli cells on the 
Leydig cells has been suggested’, Indeed, follicle-stimulating 
hormone (FSH), which acts only on Sertoli cells*, can also cause 
profound changes in Leydig cell function®*, although how this is 
effected is unknown. We recently hypothesized that the Sertoli 
cell might be the source of a luteinizing hormone releasing 
hormone (LHRH)-like factor which we detected in the inter- 
stitial fluid surrounding the Leydig cells’. As injected LHRH 


. agonists cause impairment of gonadal function’** and directly 


inhibit FSH-induced changes in Leydig cell function” through 
specific membrane receptors'*"'’, this ‘LHRH-like’ factor has 
all the correct credentials for the postulated messenger between 
the Sertoli and Leydig cells’. Here, we strengthen this case by 
demonstrating that seminiferous tubules from both the rat and 
the stumptailed macaque (Macaca arctoides) contain a factor 
which has LHRH-like receptor-binding and biological activity 
in vitro, but which is immunologically distinct from native 
LHRH. We have also shown that this factor is secreted in vitro 
by cultured rat Sertoli cells. 

Because of their ease of preparation and the specificity and 
affinity with which they bind radiolabelled LHRH agonists", 
isolated rat Leydig cells provide-a simple, sensitive and precise 
radioreceptor assay for LHRH-like factors”. We have used this 
method to demonstrate that crude acid extracts of rat semini- 
ferous tubules contain a factor which cross-reacts in parallel with 
unlabelled LHRH agonist (Fig. 1), whereas similar extracts of 
liver are inactive (data not shown). However, such crude extracts 
contained large amounts of protein (which may interfere in the 
receptor assay) and their potency decreased rapidly and pro- 
gressively during storage at —20 °C, An extract was therefore 
prepared which excluded proteins, based on methods for the 
extraction of native LHRH from the hypothalamus'*. This 
acid/ethanol extract also gave parallel displacement curves to 
LHRH agonist in the receptor assay (Figs 1, 2), although more 
potent preparations tended towards non-parallelism when 
suppressing binding by 75% or more (see Fig. 3 and Fig. 1 
legend). Acid/ethanol extracts of rat seminiferous tubules or 
stumptailed macaque testis gave parallel displacement in the 
receptor assay and both stimulated (P < 0.01 and P < 0.02) the 
release of LH from rat hemipituitaries in vitro (Fig. 2). 

Although the Sertoli cell seemed the most likely source of this 
LHRH-like factor, this was not certain as the seminiferous 
tubule preparation contained both germ cells and Sertoli cells, 
and was contaminated with some adherent Leydig cells. To 
resolve this problem we tested medium from Sertoli cell 
cultures. When assayed without dilution, this medium showed 
negligible LHRH-like activity in the receptor assay but after 
acid/ethanol extraction, which effectively concentrated it by a 
factor of 30, LHRH-like activity was clearly detected, two 
separate extracts giving dose-response curves parallel to LHRH 
agonist (Fig. 3). The specificity of this displacement can be 
judged by the fact that the Sertoli cell culture medium (SCCM) 
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extract and a rat seminiferous tubule extract gave only minor, 
although significant (P < 0.05), displacement in a Leydig cell 
human chorionic gonadotropin (HCG)-receptor assay which 
was run in parallel (Fig. 3). Interestingly, previous workers 
testing SCCM for inhibin-like activity reported the presence of a 
small molecule which stimulated pituitary LH release in 
vitro’®?°, and this probably corresponds to the LHRH-like 
factor which we have detected by receptor assay. 

The nature of this LHRH-like factor produced by the Sertoli 
cells is unknown. It is clearly different from native LHRH, as rat 
seminiferous tubule extracts were largely inactive in an LHRH 
radioimmunoassay (Fig. 4). However, in a radioimmunoassay 
which we have developed using an antiserum raised against the 
LHRH agonist, seminiferous tubule extracts gave displacement 
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Fig. 1 Displacement of the binding of '?°I-LHRH agonist ((p-Ser-t- bu’, 
des-Gly-NH,'°) LHRH ethylamide) to dispersed Leydig cells by unlabelled 
LHRH agonist and rat seminiferous tubule (S-tubule) extracts. The methods 
used for the preparation of Leydig cells'® and the radioreceptor assay 
procedure were as described previously®"*, except that the volumes used 
were 0.15 mil dispersed cells, 0.2 ml sample/standard and 0.05 ml '7°I- 
LHRH agonist; all samples and standards were run in duplicate. To prepare 
crude seminiferous tubule extracts, decapsulated testes from adult Sprague- 
Dawley rats were dispersed with collagenase’, the isolated Leydig cells 
removed’ and the tubules washed three times with 50 mi 0.9% saline. After 
the last wash the tubules were centrifuged for 10 min at 1,000g, the super- 
natant discarded and the precipitated tubules homogenized in 0.1 M acetic 
acid (0.3 ml per g tissue) using a ground glass homogenizer. The homogenate 
was then centrifuged for 20 min at 1,000g, the supernatant aspirated and its 
pH adjusted to 7.5 using 1 M NaOH. This material was then assayed at 
multiple doses against unlabelled LHRH agonist; dilutions of standard and 
test material were made using 0.1 M acetic acid adjusted to pH 7.5 and 
containing 0.2% bovine serum albumin (fraction V, Sigma). In subsequent 
studies, an acid/ethanol extraction procedure was used, based on con- 
ventional techniques for the extraction of LHRH from the hypothalamus”*. 
Thus, washed seminiferous tubules were homogenized in 0.1 M acetic acid 
(1 mi per g tissue) and the supernatant collected by centrifugation. The pellet 
was re-homogenized in the same volume of 0.1 M acetic acid and the 
resultant supernatant combined with the initial extract and lyophilized. The 
dried powder was then extracted with 0.1 M acetic acid in ethanol (1:40, 
v/v) at —20 °C, using 0.5 ml per g original tissue. The extract was centrifuged 
for 10 min at 1,000g, the supernatant aspirated and evaporated to dryness in 
a stream of nitrogen at 45°C. The residue was dissolved in either 0.1 M 
acetic acid (pH 7.5) or 0.01 M phosphate-buffered saline (pH 7.5) at a 
concentration of 1 ml per 10 g original tissue. The p H of the extract was then 
adjusted to 7.5 using 1 M NaOH and the material stored at —20 °C before 
assay. Representative displacement curves for three crude (O, A, W and two 
acid/ethanol (A, C) extracts are shown in relation to the LHRH agonist 
standard curve. The latter is a composite curve (mean +s.d.) derived from 15 
successive assays and illustrates its excellent reproducibility. Parallelism of 
. standard and sample dose-response curves was tested using two-factor 
analysis of variance (with replication). Of a total of 9 crude and 12 
acid/ethanol extracts assayed at 3 or more dilutions, only 5 samples gave 
dose-response curves which showed significant (P < 0.05 to P < 0.01) non- 
parallelism with the LHRH agonist standard; in all 5 instances, this deviation 
was apparent only at high concentrations of the extract which gave more than 
75% suppression of binding (for example, see Fig. 3). 
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Fig. 2 In vitro receptor-binding activity and biological activity (inset) of 
acid/ethanol extracts of rat seminiferous tubules or macaque testis. Details 
of the extraction procedure for rat seminiferous tubules and the receptor 
assay method were as described in Fig. 1 legend. A single healthy, adult 
stumptailed macaque of proven fertility was killed with an overdose of 
sodium pentobarbitone (Nembutal, May & Baker) and the testes immedi- 
ately dissected out and kept on ice. After decapsulation the tissue was cut 
into ~1-g segments which were homogenized and extracted using 
acid/ethanol as described for rat seminiferous tubules; the final extract 
contained the equivalent of 10 g tissue per ml. The in-vitro biological activity 
of the extracts was determined by their ability to stimulate LH release from 
rat hemipituitaries® using methods described elsewhere*°. One half of each 
donor hemipituitary was incubated in the presence of the extraction medium 
(pH 7.5) and the contralateral hemipituitary was incubated in the presence 
of 0.2 ml of either the extracts or LHRH agonist (1076 M). LH release in the 
presence of the test materials has been expressed as a % of that released by 
the contralateral (control) hemipituitary. LH was determined by radio- 
immunoassay”! and results are the mean +s.d. for three incubations. 
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Fig. 3 Displacement of the binding of '*°I-LHRH agonist or 1251-HCG 
(inset) to dispersed Leydig cells by acid/ethanol extracts of either rat 
seminiferous tubules or Sertoli cell culture medium. The same preparation 
and concentration of dispersed Leydig cells was used for both receptor 
assays. The HCG-receptor assay was performed as described elsewhere”, 
and HCG CR1i15 (13,600 IU per mg) was used as standard. The semini- 
ferous tubule extract was prepared as described in Fig. 1 legend, except that 
the pH of the initial acid extract was adjusted to 7.5, and the resulting 
precipitate removed by centrifugation, before lyophilization. Cultures of 
Sertoli cells from 21-day old rats were prepared as described elsewhere** 
and maintained in culture for either 1 (A) or 6 (A) days; in the latter instance 
the culture. medium (5 ml per flask) was replaced after 1 and 5 days. Each 
culture flask contained ~700 yg protein and Sertoli and Leydig cells formed 
>90% and <3%, respectively, as judged by morphology, histochemis- 
try??33 and LH-dependent steroid production. Culture medium was stored 
at —20 °C before extraction. The medium from at least eight separate 
cultures was pooled and lyophilized after adjusting the pH to 7.5. The 
powder was then extracted in acid/ethanol (1 ml per 5 ml culture medium) as 
described for seminiferous tubules in Fig. 1 legend. The final extract 
contained the equivalent of 30 ml culture medium per ml. 


Nature Vol. 290 30 April 1981 


787 





curves parallel to the unlabelled LHRH agonist, whereas native 
LHRH showed <0.1% cross-reaction (Fig. 4). As there is 
evidence that LHRH-like molecules may be produced in other 
extra-hypothalamic tissues”’, for example the ovary?”*, the 
availability of an antibody which does not measure hypo- 
thalamic LHRH may have widespread applications. 
Impairment of the secretory function of Sertoli cells, as for 
example in cryptorchidism’**°, is associated with marked 
hypertrophy of the Leydig cells”°, and similar morphological 
changes have been observed locally within the testis around 
implants of anti-androgens’. These data have been interpreted 
as evidence that the Leydig cells may be under the inhibitory 
control of an androgen-dependent factor from the Sertoli cells’. 
Various findings suggest that the LHRH-like factor from the 
Sertoli cell, which we have described, may be this inhibitor. 
First, ali the direct effects of injected LHRH agonists on Leydig 
cell function are inhibitory*’, and it is particularly relevant that 
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Fig. 4 Cross-reactivity of acid/ethanol seminiferous tubule extracts in 
radioimmunoassays for LHRH agonist and LHRH (inset). The radioim- 
munoassay method described previously for LHRH** was used for both 
assays and separation of bound and free hormone was achieved using 
ice-cold ethanol. !**I-labelled LHRH or LHRH agonist was used as tracer in 
their respective assays and all samples and standards were run in duplicate. 
Details of the LHRH antibody and its specificity have been described 
elsewhere”; LHRH agonist showed <0.1% cross-reaction in this LHRH 
radioimmunoassay. The antibody used in the LHRH agonist radioim- 
munoassay was obtained as follows. Five rabbits were immunized with 
((p-Ser-t-bu®, des-Gly-NH,'°) LHRH ethylamide) (LHRH agonist) con- 
jugated to human serum albumin using carbodiimide, as described for 
LHRH®**. Only one of the antisera (R103) cross-reacted with the semini- 
ferous tubule extracts and this was used to develop a radioimmunoassay. The 
antibody was used at a final concentration of 1: 12,000 and at this concen- 
tration specifically bound 26.244.6% (mean+s.d., n =4) of the added 
125]-LHRH agonist; the detection limit of the assay (the mass of standard 
required to suppress binding by 10%) was 7.5+1.1 pg. Of the peptides 
tested, only fragments of the LHRH agonist showed major cross-reaction 
with the antibody. TRH, thyrotropin releasing hormone. 


the stimulatory effects of FSH on Leydig cell function (Sertoli 
cell-mediated effects) are totally abolished by concomitant 
treatment with LHRH agonists’*. Second, treatment of rats with 
HCG, which markedly raises their intra-testicular levels of 
testosterone’, stimulates the secretion of an LHRH-like factor 
into the interstitial fluid that surrounds the Leydig cells’, and this 
coincides temporally with the onset of Leydig cell down-regula- 
tion”*. The fact that changes as drastic as those detailed above 
can result from alteration of Leydig cell exposure to LHRH-like 
factors, suggests that this Sertoli cell hormone may have a 
central regulatory role in the maintenance of normal testicular 
function and fertility. 
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The delayed therapeutic effects of antidepressants (usually 
between 10 and 14 days)*” and of the tricyclic antidepressants in 
particular, are believed (on the basis of animal experiments’ *) 
to lie in a progressive decrease of the sensitivity of cortical 
B-adrenergic receptors. This is thought to be due to an increase 
in the synaptic concentration of noradrenaline, in turn accom- 
plished by a decrease in the sensitivity of the presynaptic a, 
receptors which normally regulate noradrenaline secretion by a 
negative feedback mechanism. This model suggests that the 
desensitization of postsynaptic B-receptors by antidepressants 
should be accelerated by the inhibition of the presynaptic œ,- 
adrenergic system, and we have indeed observed such an effect 
in preliminary studies with desipramine and phenoxybenzamine 
(PBZ) combined’. We now show that the administration of 
either tricyclic or monoamine oxidase inhibitor antidepressants 
in combination with PBZ, an irreversible a-adrenergic 
blocker”’*, accelerates and intensifies the desensitization of 
B-adrenergic receptors. Our observations may have therapeutic 
implications. l 
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Male Sprague-Dawley rats (125~150g) were injected 
intraperitoneally (i.p.) with antidepressant, PBZ (7.5 mg per 
kg), combined antidepressant and PBZ (7.5 mg per kg), or 
vehicle, once daily. Rats were killed 24 h after the last dose of 
drug or vehicle. The cerebral cortices were dissected, weighed 
and homogenized using a Brinkmann polytron (setting 5, 50 s). 
Cortical membranes were sedimented by centrifugation 
(20,000g, 20 min at 4 °C), washed twice (20 vol w/v) and resus- 
pended in 20 volumes of ice-cold 50 mM Tris-HCI buffer 
(pH 8.0). Aliquots of tissue equivalent to ~400-500 ug of 
protein were assayed for B-adrenergic receptors using `H- 
dihydroalprenolol (*7H-DHA) as described elsewhere'’. The 
binding of *H-DHA (0.1-3.0 nM, specific activity 32 Ci mmol” z 
NEN) was carried out at 23 °C for 20 min in a total incubation 
volume of 0.5 ml of 50 mM Tris-HCI buffer (pH 8.0). Assays 
were run in quintuplicate with two tubes containing 10 uM 
dl-propranolol to assess nonspecific binding. Incubations were 
terminated by rapid filtration at reduced pressure through 
Whatman GF/B glass fibre filters. Filters were washed five times 
with 5 ml of ice-cold buffer, dried, transferred to scintillation 
vials containing 10 ml of Aquasol (NEN) and counted in a liquid 
scintillation counter. Specific binding, defined as the total bind- 
ing minus nonspecific binding, was ~85%. 

As in previous reports, acute treatment with desipramine 
(DMI, 7.5 mg per kg, i.p.) a prototype tricyclic antidepressant 
for 1, 2 or 3 days had no significant effect on the binding of 
3H-DHA to cerebral cortical membranes compared with 
vehicle-treated controls. Continuous administration of DMI for 
6 or 12 days decreased 7H-DHA binding by 24 + 4% (P <0.05) 
and 22 +6% (P <0.05, Fig. 1), respectively. In contrast to DMI 
treatment alone, only one dose of combined DMI+ PBZ 
significantly decreased *H-DHA binding (14+2%, P <0.01) 
compared with vehicle-treated controls (Fig. 1). Combined 
administration of DMI+ PBZ for 2 and 3 days further reduced 
cerebral cortical B-adrenergic receptor density to that observed 
during chronic treatment with DMI alone (Fig. 1 and unpub- 
lished observations). Furthermore, during chronic administra- 
tion of DMI + PBZ there was a significantly greater reduction in 
the density of cerebral cortical B-adrenergic receptors than that 
found during DMI administration alone (Fig. 1). For example, 
after 12 days of treatment with DMI and PBZ, specific *“H-DHA 
binding was reduced by 34+3% compared with 22+6% with 
DMI alone (P <0.05). All changes in *H-DHA binding after 
treatment with DMI or combined with DMI+ PBZ, as deter- 
mined by Scatchard analysis (Fig. 1), were due to a decrease in 
the density of B-adrenergic receptors and not a change in affinity 
(apparent K4). These results indicate that combined DMI + PBZ 
administration desensitizes cortical B-receptors both more 
rapidly and to a greater extent than treatment with DMI alone. 
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Fig. 1 a, Scatchard analysis of °H- 

DHA binding to cerebral cortical 

membranes from rats treated with 

vehicle, DMI (7.5 mg per kg), or 
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per kg) once daily for 2 days. The 

inset shows the saturation isotherm 3 

of °H-DHA binding as a function 3 
pe] 
$ 


0.14 


& 
: 
c 
ae 
ae 
= 
2 
L 
a 
a 
Pa 


of increasing concentrations of `H- 
DHA. Bound/free, ratio of speci- 
fically bound to free `H-DHA. b, 0.06 
Efects of DMI (7.5 mg per kg) alone 
(open bars) or combined DMI 
(7.5 mg per kg)+PBZ (7.5 mg per 
kg) (hatched bars) on the develop- 
ment of cerebral cortical ß- 


adrenergic receptor desensitization. > 000 4.000 


Animals were administered vehicle 
or drugs ip. once daily, and the 





3H-DHA bound (d.p.m. per mg protein) 


Although there was a slight trend toward decreasing *“H-DHA 
binding during chronic treatment with PBZ (7.5 mg per kg, i.p., 
data not shown) there were no statistically significant changes in 
3H-DHA binding after 1, 2, 3, 6, or 12 days of PBZ adminis- 
tration. The addition of PBZ (1 pM), DMI (1 uM) or combined 
DMI + PBZ (1 pM each) to cerebral cortical membranes in vitro 
did not significantly alter “H-DHA binding. As these concen- 
trations are equivalent or even higher than those observed in 
washed membrane preparations, these results suggest that 
neither DMI nor PBZ directly interfere with *H-DHA binding. 

To determine whether the synergistic actions of combined 
DMI+PBZ administration on cerebral cortical B-receptor 
desensitization were due to increased brain levels of 
desipramine, °H-DMI (7.5 mg per kg, i.p., 3.5 mCi mmol”, 
NEN) was injected into rats either alone or in combination with 
PBZ (7.5 mg per kg). Rats were killed 6 h later and the cerebral 
cortices dissected, weighed and homogenized in 20 volumes of 
alkaline ethanol. The radioactivity in an aliquot of the brain 
extract was determined in a liquid scintillation counter as 
described above. More than 90% of the radioactivity was 
extracted using this procedure. The levels of DMI and its 
metabolites were found to be 1.26 +0.09 (n = 9) and 1.14 +0.06 
(n = 9) nmol per mg wet weight for rats treated with DMI alone 
or DMI in combination with PBZ, respectively. TLC of brain 
extracts from both groups of animals showed that 82% 
of radioactivity migrated with an Rp value identical to 
that of authentic DMI. These findings indicate that the effects of 
combined DMI+PBZ administration on cortical B-receptor 
desensitization are not due to changes in DMI metabolism. 

To determine whether the rapid desensitization of cortical 
B-receptors found during combined PBZ + DMI (a prototype 
tricyclic antidepressant) treatment was true for other types of 
antidepressant drug, experiments were done using tranyl- 
cypromine and pargyline, two chemically different monoamine 
oxidase inhibitors. Treatment with tranylcypromine (10 mg per 
kg) alone for 1 or 2 days did not change *H-DHA binding. In 
contrast, combined tranylcypromine (10 mg per kg)+PBZ 
(7.5 mg per kg) treatment reduced *H-DHA binding by 19+ 2% 
(P <0.01, Fig. 2) after 1 day of treatment and 19+ 1% (P< 
0.01) after 2 days of treatment. Six days of tranylcypromine 
alone did decrease “H-DHA binding by 19+3% (P<0.05) 
compared with a decrease of 23 +2% (P <0.01) with combined 
tranylcypromine + PBZ treatment for 6 days. Pargyline (25 mg 
per kg), like tranylcypromine, also had no significant affect on 
4H-DHA binding after 1 or 2 days of administration whereas 
after 6 days °H-DHA binding was reduced by 18+2% (P< 
0.01, Fig. 2). Combined pargyline (25 mg per kg) + PBZ (7.5 mg 
per kg) administration reduced *H-DHA binding by 5% after 1 
day, 19% (P<0.01) after 2 days and 23% (P <0.01, Fig. 2) 
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Fig. 2 a, Effects of tranylcypromine (10 mg per kg) alone (open 
bars) or combined tranylcypromine (10 mg per kg)+PBZ (7.5 mg 
per kg) (hatched bars) on the development of cerebral cortical 
B-receptor desensitization. b, Effects of pargyline (25 mg per kg) 
alone (open bars) or combined pargyline (25 mg per kg)+ PBZ 
(7.5 mg per kg) (hatched bars) on the development of cerebral 
cortical B-receptor desensitization. Values are the X+s.e.m. of the 
per cent change in the density (Bmax as estimated by Scatchard 
analysis) of “H-DHA binding sites in cerebral cortical membranes 
from drug-treated animals compared with vehicle-treated controls. 
Each experiment consisted of groups of six animals and was 
repeated twice. *P <0.01; tP <0.05 (Student’s t-test). 


after 6. In both these studies treatment with vehicle or PBZ 
(7.5 mg per kg) alone had no significant effect on °H-DHA 
binding. Thus, combined treatment of antidepressant mono- 
amine oxidase inhibitors and PBZ can rapidly decrease £g- 
adrenergic receptor density. 

As the desensitization of cortical B-receptors during chronic 
tricyclic antidepressant treatment can be prevented by destruc- 
tion of ascending noradrenergic neurones from locus coeruleus’, 
chronic treatment with tricyclic antidepressants probably 
increases the stimulation of f-receptors by increasing the 
synaptic concentration of noradrenaline. However, acute anti- 
depressant administration decreases the adrenergic activity of 
locus coeruleus neurones apparently by increasing presynaptic 
@,-receptor inhibition’*, Recent studies in both the peripheral 
and central nervous systems have demonstrated that chronic 
antidepressant administration reduces this presynaptic œz 
receptor inhibition®’*, resulting in enhanced noradrenaline 
release which would be expected to desensitize postsynaptic 
cerebral cortical 8-receptors. Thus, the increase in presynaptic 
a,-receptor inhibition during acute antidepressant treatment is 
opposite to the chronic and apparently therapeutically relevant 
effects of these agents. 

In our experiments administration of PBZ probably blocks 
presynaptic a,-receptor feedback inhibition, allowing DMI, an 
inhibitor of noradrenaline uptake, to increase acutely the 
synaptic noradrenaline concentration and thereby rapidly 
desensitize cortical B-receptors. Consistent with this inter- 
pretation is the finding that yohimbine, another presynaptic a, 
blocker, in combination with DMI (5 mg per kg) decreased 
cortical B-receptor density in 4 days whereas DMI alone 
produced no change’. 

The synergistic actions of tricyclic and monoamine oxidase 
inhibitor antidepressants with PBZ, an a-adrenergic antagonist, 
are probably due to increases in the synaptic concentrations of 


noradrenaline. Rapid decreases in 8-receptor binding sites have 
been shown to occur in vitro during exposure of cerebral cortical 
slices to -adrenergic agonists’*. The rapid decrease in°7H-DHA 
binding reported here after DMI + PBZ treatment indicates that 
cerebral cortical B-adrenergic receptors can also be rapidly 
desensitized in vivo. The rapid desensitization of cerebral corti- 
cal B-receptors during administration of antidepressants and 
a-adrenergic antagonists has several important implications. As 
postsynaptic cortical B-receptors are thought to be directly 
involved in the therapeutic actions of most, if not all, anti- 
depressants*, combined treatment with antidepressant and a 
presynaptic a,-receptor antagonist may provide a therapy with 
rapid onset of action. In addition, the greater reduction of 
B-receptor density produced by combined antidepressant+ 
PBZ, compared with antidepressant alone, indicates that 
administration of an a-adrenergic antagonist may enhance the 
effects of antidepressants in previously nonresponsive patients. 
Finally, the decrease in B-receptor density after only one dose of 
combined antidepressant+ PBZ treatment could serve as a 
rapid screening procedure for new antidepressant drugs. 

We thank the Merrell-National Laboratories for desipramine 
and Smith Kline and French Laboratories for PBZ. F.T.C. 
thanks J. Axelrod for providing laboratory facilities and con- 
structive comments. 
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C3b, the major cleavage fragment of the third component of 
complement (C3), has been demonstrated to bind to a specific 
receptor on various mammalian cells’. Tissue-bound C3b 
receptors have also been demonstrated, most conclusively in 
renal glomeruli’. On interaction with C3b, C3b receptors are 
thought to initiate cellular functions such as phagocytosis and to 
determine the fate of complement-fixing soluble and particulate 
immune complexes. We report here the isolation by affinity 
chromatography of a macrophage glycoprotein with an apparent 
molecular weight (MW) of ~ 64,000 that has properties expec- 
ted of the C3b receptor. It is a cell-surface macromolecule 
(labelled with **°I and lactoperoxidase) which, in its isolated 
state, retains the ability to bind both C3 and C3b. 
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Human C3 was purified by the method of Tack and Prahl, 
and was demonstrated to be haemolytically active? and to retain 
its '‘‘C-methylamine-binding capacity*. Three separate C3 pre- 
parations were used in the experiments; in most of them a 
preparation with >95% methylamine-binding capacity was 
used. C3b and C3d were prepared from C3 by trypsin digestion 
followed by gel filtration on Sephadex G-100 (ref. 5), and C3d 
was further purified by ion-exchange chromatography on 
DEAE-Sephacel’. The purities of the C3, C3b and C3d pre- 
parations were estimated by polyacrylamide gel electrophoresis 
(PAGE) to be at least 95%. C3 and C3b were coupled to 
Sepharose beads with cyanogen bromide with an efficiency of 
57-86% and prepared for use as immunoadsorbents as 
described previously”. 

Elicited rabbit alveolar macrophages were collected, 
radiolabelled using modifications of the lactoperoxidase 
method"® and solubilized at 4°C for 5 min in borate-buffered 
saline (BBS) containing 1% NP40 and 2mM phenyl- 
methylsulphonyl fluoride (PMSF)’. The 30,000g supernatant’ 
of the solubilized fraction of ~2 x 10° cells was incubated with 
0.4 ml of C3b—Sepharose for 1h at room temperature. This 
mixture was then centrifuged at 300g for 5 min and the 
immunoadsorbent beads resuspended in 6.0ml of BBS 
containing 1% NP40 and 2mM PMSF, and washed twice in 
0.7 4-cm glass columns with 4.0 ml of BBS containing 1% 


NP40. C3b-binding molecules were subsequently eluted at 
room temperature with four successive 1.0-ml aliquots of 0.5 M 
acetic acid containing 1% NP40 into tubes with 0.375 ml of 2 M 
Tris, pH 8.6, containing 1% NP40 (to achieve complete, rapid 
neutralization). Using this procedure, we eluted 0.01-0.15% of 
the applied radioactivity from the immunoadsorbent columns. 

When the acid eluate was analysed by SDS PAGE in rod gels 
in reducing conditions (1% ß- mercaptoethanol), a single pro- 
tein peak of MW ~64,000 + 3,500 (mean +s.d. of 21 gels) was 
demonstrated (Fig. 1a). Purity, estimated by either determining 
the area under the curves or by cutting out and weighing the 
individual peaks, was routinely >90%. A similar peak was 
purified from the solubilized radiolabelled cells using C3b 
immunoadsorbent beads that had been prepared by the incuba- 
tion of Sepharose with normal human serum", although other 
contaminating materials were also present (data not shown). No 
peak was observed if purification was attempted using beads 
prepared from heat-inactivated serum or using bovine serum 
albumin (BSA)-Sepharose. To exclude the possibility that trace 
contamination by IgG in our C3b preparation might allow 
co-purification of Fey receptor’, we preincubated the solu- 
bilized preparation with IgG-Sepharose. In three such experi- 
ments we recovered 92.5, 97.3 and 108% as much C3b receptor 
from the aliquot preincubated with IgG-Sepharose as from the 
aliquot not preincubated but isolated directly using only C3b- 
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Table 1 Rebinding of isolated C3b receptor to immunoadsorbents 





need 


rence 





Immunoadsorbent % Inhibition 
For initial For Inhibitor % % Specific of specific 
Expt no. purification rebinding protein Rebinding rebinding rebinding 
l C3b C3b oe 64.0+ 1.1 60.6 = 
C3 — 60.8+ 1.2 57.4 — 
IgG oo 7,140.8 a1 ~ 
BSA — 3.4+0.2 — —_ 
i 2 C3b C3b o— 69.8 + 2.0 62.3 None 
C3b 3.0 mg C3 21.8+2.9 14.3 77.0 
IgG -— 7.54.3 l — — 
IgG C3b — 18.7+5.0 —- — 
IgG — 57.8 + 1,0* = = 
C3bt C3b ~= 63.2+2.0 56.1 — 
IgG — fee os — — 
IgG} C3b - 18.0+£0.8 — — 
IgG = 51.9+0.4 -= = 
3 C3 C3b a 31.6+1.3 26.1 None 
C3b 3.0 mg OVAL 30.2+£2.0 24.8 5.0 
C3b 3.0 mg C3 8.1+40.2 2.7 89.7 
C3b 3.0 mg IgG 29.1+0.4 23.7 9.2 
IgG — 5.40.5 — -l 
4 C3b C3b 3.0 mg OVAL 27.143.6 22.9 None 
C3b 0.3 mg C3b§ ISTEN? 11:5 49.8 
C3b 1.0 mg C3b 10.5+1.9 6.3 72.4 
C3b 3.0 mg C3b 5.1+0.7 0.9 96.1 
C3b 0.3 mg C3 19.345.7 15.2 34.0 
C3b 1.0 mg C3 1274235 8.5 63.0 
C3b 3.0 mg C3 6.342.2 2.1 91.0 
IgG 3.0 mg OVAL 4.2+4.5 na “ 
5 C3b C3b 3.0 mg OVAL 46.6+ 1.6 41.5 None 
C3b 0.6 mg C3b§ 20.2+1.8 15.1 63.6 
C3b 0.6 mg C3d 49,.342.6 44.2 ~6.6 
IgG 3.0 mg OVAL S123 — — 
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The ligand-binding activity of the putative receptor macromolecule was determined in a manner analogous to that described for the Fey 
receptor ’!3, Briefly, aliquots of the acid eluates were added to plastic tubes containing 0.10 ml immunoadsorbent. Inhibitor proteins were 
preincubated with the isolated receptor for 30 min at room temperature. Mixtures of immunoadsorbents and receptor preparations were incubated for 
90 min at room temperature. Washed beads, supernatants and washes of triplicate samples were counted in a y counter and the per cent rebinding of 
labelled receptor determined. Data presented are from representative experiments. The amounts of protein coupled to immunoadsorbents (mg 
protein per ml beads) were: C3b, 2.4~11.6 mg ml °`; C3, 1.7~11.3 mg ml” '- rabbit IgG, 6.8-15.7 mg mi '; and BSA, 4.5 mg ml ' For all rebinding 
studies, the amount of C3 or C3b present was in excess of that required to bind all of the available receptor. 

* Represents rebinding of Fey receptor, which demonstrates the expected MW ~35,000~55,000 (ref. 7) in SDS-polyacrylamide gels. 

+ The supernatant from the IgG—-Sepharose column shown in the first part of expt 2 was adsorbed on C3b-Sepharose. The ligand-binding activity of 
the acid eluate from this second column is shown here. 

+ The supernatant from the C3b~Sepharose column shown in the first part of expt 2 was adsorbed on IgG—Sepharose. The ligand-binding activity of 
the acid eluate from this second column is shown here. 

§ In these dose-dependent inhibition studies, ovalbumin (OVAL) was added to achieve a total protein content of 3.0 mg. 
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Fig.1 SDS-PAGE in rod gels of C3b receptor. Representative results of five different types of experiment are shown. Samples were eluted with 
acid as described in the text and the eluates were prepared for electrophoresis using the Tris-glycine buffer system”! with 0.1% SDS and 9.0% 
acrylamide separating gels and 3.0% acrylamide stacking gels, using methods described previously”. Buffers for sample preparation contained 
1% B- mercaptoethanol. The positions of six standard proteins are indicated by their molecular weights. Gels were sliced with an electric gel 
slicer, and radioactivity in 2-mm gel slices counted. a, Receptor from C3b-Sepharose. b, The !25I-labelled, solubilized fraction was first 
incubated with IgG-Sepharose (to deplete Fey receptor from the preparation). This supernatant was subsequently incubated with C3b- 
Sepharose and the receptor was eluted and analysed as above. (The difference in counts between a and b reflects only the fact that one-fifth as 
many counts were loaded in the latter gel. As noted in the text, preincubation of the solubilized preparation with an IgG immunoadsorbent did 
not alter the quantity of C3b receptor obtained.) c, Receptor from C3~Sepharose. d, After collection by usual methods, the macrophages were 
resuspended in Hank’s balanced salt solution (HBSS) at a concentration of 1.3 x 10° cells mi~ +. Cell suspension (8 ml) was placed on each of 45 
100-mm plastic Petri dishes and incubated for 30 min at 37 °C in a 5% CO, incubator. The nonadherent cells were removed by washing once with 
5 ml of HBSS. The plated cells were solubilized with 4 ml of BBS containing 1% NP40 and 2 mM PMSF, and freed from the plates with a rubber 
policeman. The plates were serially washed with an additional 4 ml of the BBS containing 1% NP40 and 2mM PMSF’. The solubilized 
preparation thus obtained was centrifuged at 30,000g for 20 min at 4 °C and the C3b receptor isolated by affinity chromatography as above. A 

small peak at ~25,000 MW is present in this preparation (and also in the simultaneously prepared. material obtained from the unplated cell _ 
population—not shown). Similar macromolecules were observed in 2 of the other 15 receptor preparations. e, Rabbit alveolar macrophages were 
collected and washed as above using sterile buffers and aseptic technique. Cells were subsequently suspended at 10° cells ml”! in sterile spinner 
flasks in minimal essential medium containing10% fetal calf serum, 2 mM L-glutamine, 0.01% D-glucose, 1 mM pyruvate and 1: 100 
antibiotic/antimycotic mixture. Deoxyribonuclease I (10 pg ml~') and '“C-glucosamine (1 mCi) were added to the medium. After 18-20 h 
culture at 37 °C, the cells were collected by centrifugation and washed twice in 0.01 M phosphate, 0.15 M NaCl, pH 7.4 (phosphate-buffered 
saline, PBS) containing 1% BSA followed by a final wash in PBS. Cells were solubilized at 108 cells mI”! in PBS containing 1% NP40 and 2 mM 
PMSF’. The suspension was then centrifuged at 30,000g for 20 min at 4 °C, and the supernatant applied to a C3b~Sepharose affinity column for 
60 min at room temperature. The column was washed and eluted as described in the text to obtain receptor from intrinsically labelled cells. 
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_. Fig. 2 SDS-PAGE in slab gels was performed according to the 

<“cimethod of Laemmli using 0.1% SDS gels. Preparation of a linear 
gradient of polyacrylamide from 6 to 18% and a 3% stacking gel, 
gel fixation, staining, destaining and autoradiography have been 
described elsewhere'*. Samples were prepared as described in Fig. 
1 legend. a, Acid eluate from C3-Sepharose. b, A portion of the 
acid eluate in a was adsorbed on a new C3-Sepharose column. The 
rebound material was eluted with 6 M guanidine containing 1% 

NP40 and the sample prepared for analysis as above. 





Sepharose. Macromolecules of identical MW were isolated from 
C3b-Sepharose and from C3—Sepharose (Fig. lc); a similar 
protein was also obtained from an immunoadsorbent prepared 
by the coupling of C3 to Affi-Gel 10 (BioRad). The poly- 
acrylamide gel electrophoretic mobility and pattern of the puta- 
tive C3b receptor were not altered by: (1) addition of protease 
inhibitors (diisopropylfluorophosphate 10 mM, iodoacetamide 
20 mM, or soybean trypsin inhibitor 2 mg m` ') in the solu- 
bilization buffer; (2) incubation temperature (4, 22 or 37 °C) for 
affinity chromatography step; (3) omission of B- mercapto- 
ethanol from the sample buffer; or (4) presence of Ca?” and 
Mg* during solubilization and affinity chromatography. As 
alveolar cells contained an average of ~80% macrophages, 
adherent cells containing >95% macrophages’ were used in 
three experiments to obtain C3b receptor, and an identical 
macromolecule was isolated (Fig. 1d). Biosynthetic labelling 
with '“C-glucosamine demonstrated that, like the Fce®? and 
Fey’ receptors, the C3b receptor is a glycoprotein (Fig. 1e). 3 
The ligand-binding activity of the affinity chromatography- 
purified material (always lower than the purity estimated by 
SDS-PAGE) was determined by the ability of the acid eluates to 
rebind to a new immunoadsorbent column. In 12 such rebinding 
experiments the specific activity (rebinding to C3b-Sepharose 
minus rebinding to lgG—Sepharose or BSA~Sepharose) ranged 
from 22.9 to 62.3% (representative experiments are presented 
in Table 1). The per cent of rebinding was characteristic for each 
receptor preparation. The variability between preparations did 
not reflect differences in purity but rather partial denaturation | 
during the obligatory acid elution procedure. The ligand-bind- 
ing activity of the isolated receptor was independent of Ca** and 
Mg?” ; it was stable for several hours at room temperature and at 
least several weeks at —70°C. The receptor rebound to both 
C3b-Sepharose and C3-Sepharose (Table 1, expt 1). Pre- 
incubation of the solubilized preparation with IgG—Sepharose, 
which removes Fey receptor’, did not alter the specific activity 
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of the C3b-binding protein eluted subsequently from a C3b- 
Sepharose column (Table 1, expt 2). 

Two lines of evidence indicate that the ability of the isolated 
receptor to bind to both C3 and C3b was not due to conversion 
of C3 to either C3b or a C3b-like molecule during coupling to 
activated Sepharose. First, an alternative coupling procedure 
using Affi-Gel 10 allowed isolation of a similar macromolecule 
(see above). Second, both soluble C3 and soluble C3b were 
effective inhibitors of rebinding (Table 1, expt 3), although C3b 
was more effective in dose-dependent assays (Table 1, expt 4 is 
representative of three separate experiments). Soluble IgG, C3d 
and ovalbumin did not inhibit ligand-binding activity. 

Aliquots of the acid eluates from the initial C3~Sepharose 
column were analysed in polyacrylamide gradient slab gels (Fig. 
2a). Part of this material was rebound toa second C3-Sepharose 
column and then eluted with 6M guanidine containing 1% 
NP40 (ref. 7), dialysed and analysed in gels (Fig. 2b). Elec- 
trophoretic patterns of both eluates demonstrated similar broad 
bands in the 58,000-68,000 MW region. 

Like receptors for Fey”"* and Fce”'*""* previously isolated in 
these laboratories, the C3b-binding protein migrates as a broad 
band on polyacrylamide gels and retains specific ligand-binding 
activity. The molecular weight of the C3b receptor is higher than 
that of the Fey receptor isolated from rabbit alveolar macro- 
phages, the latter having a MW of ~35,000—55,000 (ref. 7 and 
Table 1,*). Specific antibodies against analogously isolated Fce- 
binding molecules have been demonstrated to induce mast cell 
degranulation in vitro'®:'*, providing definitive evidence that 
such binding molecules correspond to the biologically important 
Fce receptor. Similar evidence identifying Fey- or C3b-binding 
proteins conclusively as receptors has not yet been obtained. It 
now seems, however, that at least three important receptor 
molecules involved in immune responses are glycoproteins with 
apparent MWs in the 35,000-65,000 range and they can be 
isolated retaining ligand-binding activity in a highly purified 
state. 

Although C3b was a more effective inhibitor in dose-depen- 
dent inhibition experiments than C3, both C3 and C3b bound to 
the putative complement receptor isolated from rabbit macro- 
phages. Solubilization could possibly affect the observed 
specificity of the receptor as previously discussed'*'*. That C3 
does bind directly to intact cells has been documented pre- 
viously for lymphocytes'’, but has not been evaluated for 
macrophages. Based on these data there may be a parallel 
between the IgG-Fcy receptor interaction and the interaction of 
C3 and C3b with their receptor. Although both C3 and IgG can 
bind to their respective receptors, they exhibit a higher net 
affinity of binding on modification: by fixation to antigen allow- 
ing multi-point attachment in the case of IgG, or by cleavage and 
removal of the C3a fragment in the case of C3. In addition, 
receptor-bearing effector cells may interact more efficiently with 
membrane-bound C3b molecules clustered about an antigenic 
site than C3 molecules in solution. 

Previous attempts to purify the C3b receptor from solubilized 
cells have been unsuccessful’'®. Recently, using affinity 
chromatography with C3-Sepharose, Fearon’? isolated a 
205,000-MW protein from human erythrocytes which has been 
implicated as the C3b receptor’’, although ligand-binding 
activity of the purified material was not reported. Its relationship 
to the complement-binding macrophage glycoprotein described 
here remains to be defined. 

We acknowledge the technical assistance of V. Krause and 
thank Drs C. Hammer and M. Frank for providing purified C3 
for use in preliminary experiments. 
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Recent studies have shown that cyclosporin A, an undecapep- 
tide extracted from two species of fungi (Cylindrocarpon luci - 
dum and Tricoderma polysporum), has potent immunosup- 
pressive effects with low myelocytotoxicity’. In different 
experimental systems in both animals and humans, cyclosporin 
A administration decreased antibody production to T cell- 
dependent antigens, prolonged survival of skin, kidney and 
heart allografts’, inhibited cytotoxic activity generated in the 
allogeneic mixed lymphocyte reaction* and abrogated suppres- 
sor T-cell activity induced by concanavalin A (ref. 5). However, 
the mode of action of cyclosporin A and its role in establishing 
tolerance remains unclear. Continuous proliferation of T cells 
after stimulation with antigens or mitogens is maintained by 
growth factors, released by lectin- or antigen-activated T cells**. 
One of these factors, interleukin 2 (IL-2), supports growth of 
activated but not of resting T cells*°, so that, to achieve a 
proliferative response a cell population must be ‘activated’ both 
to produce IL-2 and to become responsive to it. In the auto- 
logous mixed lymphocyte reaction (AMLR), purified human T 
lymphocytes proliferate when co-cultured with autologous B 
cells and/or macrophages”*. Recently, we found that antibodies 
against either the heavy non-polymorphic chain or the light 
polymorphic chain of HLA-DR antigens of the stimulator cells, 
prevented T cells from acquiring responsiveness to IL-2, 
inhibited the production of the growth factor and abrogated the 
T-cell proliferative response in AMLR and hapten-labelled 
autologous cell systems”’*. These results suggested that the 
HLA-DR antigens rendered resting T cells sensitive to IL-2 and 
participated actively in the production of the growth factor. We 
have now studied the effect of cyclosporin A on the AMLR 
response, and found that the drug inhibited the proliferative 
response by blocking the receptors for HLA-DR antigens on T 
cells. 

The addition of as little as 1 pg ml~' cyclosporin A to the 
AMLR cultures strongly inhibited the proliferative response 
when compared with control cultures. This inhibition occurred 
very early in the process of activation of the responding cells, for 
it was not seen if the drug was added 72 h after the initiation of 
the cultures (Fig. 1). Pretreatment of the T cells with 1 pg ml” 
or more cyclosporin A abrogated proliferation in the AMLR, 
whereas treatment of the stimulator cells with up to 5 pg ml” 
had no effect on the AMLR response. This indicates that 
cyclosporin A exerts its inhibitory effects by acting on the 


responding T cells rather than on the non-T stimulator cells, in 
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agreement with previous studies which postulated a selective 
activity of cyclosporin A on T cells?*. 

To define the mechanism by which cyclosporin A inhibits the 
AMLR response, we studied the sensitivity of the responding T 
cells to IL-2 in the presence or absence of the drug and its effect 
‘on the synthesis of IL-2 in the AMLR. The results show that T 
cells from AMLR cultures containing cyclosporin A did not 
respond to IL-2 stimulation, whereas T cells from cultures 
where no drug was added proliferated under the stimulus of IL-2 
(Table 1). When previously activated T cells (by AMLR or by 
phytohaemagglutinin, PHA) were stimulated with different 
concentrations of IL-2 in the presence or absence of cyclosporin 
A inhibition did not occur, indicating that once T cells have 
responded to IL-2, they are no longer sensitive to the inhibitory 
effects of cyclosporin A (data not shown). These results, 
together with our previous findings that cyclosporin A-treated T 
cells are unable to absorb IL-2 whereas activated T cells are able 
to do so”, support the notion that the drug inhibits expression of 
IL-2 receptors on T cells*’'. The production of IL-2 in the 
AMLR was also inhibited by the addition of cyclosporin A to the 
cultures (Table 2), suggesting a second mechanism by which this 
drug could inhibit T-cell activation in the AMLR. 

It seems unlikely that cyclosporin A exerts its inhibitory 
effects by nonspecific toxic or lytic effects, for at the doses used in 
this study (1-5 ug ml’) the viability of the cells as determined 
by Trypan blue exclusion from AMLR cultures in the presence 
or absence of cyclosporin A were similar at the end of the culture 
period. Furthermore, the experiments carried out to determine 
sa a a a a a ss Sh le st 
Fable 1 Response to IL-2 of T cells from AMLR cultures performed in 

the presence or absence of cyclosporin A 





Cells Dilutions of IL-2 
1:2 1:4 1:8 
T cells cultured alone 1.140.1* 1020.3 0.9+0.1 
T AMLR 9.1413 6.5+0.2 4.1+0.5 
T AMLR+1 pg mi! 1340.4 08204 0.820.2 
cyclosporin A 
T AMLR+3 pg ml” 1.00.3 0.7+0.2 0.9+0.1 
cyclosporin A 


Cell separation: Peripheral blood mononuclear cells (MNC) from 
healthy adult volunteers were obtained as previously described”, T and 
non-T cells were isolated by rosetting MNC with sheep red blood cells 
(SRBC) as described elsewhere’. After osmotic lysis of the erythrocytes, 
the lymphocytes were washed and resuspended in RPMI 1640 medium 
(Gibco) supplemented with 10% of heat-inactivated human AB serum, 
20 pg mi ` of gentamicin, glutamine and 1% of HEPES buffer solution 
(Gibco) which will be referred to as complete culture medium (CCM). 
Autologous mixed lymphocyte reaction cultures: AMLR cultures were 
performed as previously described’. Briefly, 10° T cells were cultured 
with 10° irradiated autologous non-T cells in round-bottom microtitre 
plates (Nunclon Delta, Nunc). The secondary AMLR cultures were 
established by co-culturing 10° T cells from each primary AMLR culture 
with 10° of the following irradiated (2,500 rad) autologous stimulator 
cells: non-T cells, T cells activated by PHA for 8 days (T-PHA), T cells 
from AMLR cultures performed in the presence or absence of cyclo- 
sporin A and peripheral blood MNC stimulated with PHA for 4 days 
(MNC-PHA). Cultures in triplicate were incubated at 37°C in a 
humidified atmosphere of 5% CO, in air. 0.5 wCi of °H-thymidine 
(Radiochemical Centre) was added to each well 12 h before the end of a 
7-day culture for primary AMLR cultures and a 3-day culture period for 
secondary cultures. ? H-thymidine uptake of the cultures was deter- 
mined as previously described”. Cyclosporin A was tested for its ability 
to inhibit the proliferative response in AMLR by adding different doses 
of the drug (1-5 xg ml’) to the cultures either at the initiation of or at 
different intervals during culture. In no instance was the concentration 

of ethanol (in which cyclosporin A was dissolved) greater than 0.25% 
_ whether in the cultures containing this drug or in medium (control). IL-2 
obtained from PHA-stimulated MNC was added to 10° T cells of the 
following groups: T cells cultured but not stimulated, T AMLR = T cells 
from AMLR cultures, T AMLR +1 yg or 3 pg cyclosporin A = T cells 
from AMLR cultures treated with cyclosporin A. Proliferation was 
determined by the incorporation of *H-thymidine during the last 12 h of 
the 2-day culture period. 

*c.p.m.x 107°, mean+s.d. of seven independent experiments. 





mene a 

Table 2 Effect of cyclosporin A on the synthesis of IL-2 in the AMLR 

Sa S E a anteater ae ae 
Supernatant source Dilutions of IL-2 


bie 1:4 1:8 
T cells culture alone 1140.2* 1.020.1 1.040.2 
AMLR 15,2+2.4 10.641.5 8440.9 
AMLR+1ipgmi™! cyclo- 2.9+0.7 1.9+0.2 1.8+0.4 
sporin A 
AMLR+3 pgml™’ cyclo- 1.6+0.5 1.8+0.3 1540.2 
sporin A 


A 

IL-2 production. IL-2 was obtained from AMLR cultures as pre- 
viously described’. Briefly, 3x 10° T cells and 3x 10° irradiated 
autologous non-T cells suspended in 1 ml of CCM in the presence or 
absence of 1 and 3 pg ml! of cyclosporin A were incubated in 17 x 100- 
mm round-bottom plastic tubes (Falconplastics) at 37 °C for 48 h. After 
the first 24h of culture, the cells were washed three times in CCM, 
resuspended in CCM in the absence of cyclosporin A and incubated for 
the last 24h of culture. After this, the tubes were centrifuged at 
2,000 r.p.m. for 15 min, and the supernatants collected, filtered through 
0.45 um and stored at -20 °C until used. The experiments performed to 
find out whether cyclosporin A inhibits the proliferative response of 
previously activated T cells to IL-2 stimulation were established as 
follows: 10° T cells, activated in AMLR or by PHA and maintained in 
culture with conditioned media containing IL-2 for at least 3 weeks, 
were placed in flat-bottom microtitre plates. Three different dilutions of 
AMLR supernatants with proved IL-2 activity or IL-2 obtained after 
48h of PHA stimulation of peripheral blood MNC as described by 
Bonnard et al.'° was added with cyclosporin A (1 and 3 ug ml) or 
medium to each well. Cultures in triplicate were incubated at 37 °C for 
48h and proliferation during the last 12h was determined by the 
incorporation of “H-thymidine as described elsewhere*’. Supernatants 
from the following cultures: T cells cultured but not stimulated, 
AMLR = T cells and irradiated autologous non-T cells, AMLR +1 pg 
or 3 ug ml™* cyclosporin A = T cells co-cultured with irradiated autolo- 
gous non-T cells in the presence of cyclosporin A, were placed at three 
different final dilutions in each well of microtitre plates con taining 10° T 
cells activated by PHA and maintained in culture with conditioned 
media plus IL-2 for 3 weeks. After 48 h of incubation, incorporation of 
*H-thymidine was determined (see Table 1 legend). 

*c.p.m.x 1077, mean+s.d. of seven separate experiments. 


the effects of this drug on the response to IL-2 stimulation of 
previously activated T cells revealed that cyclosporin A did not 
inhibit the proliferation of these cells after IL-2 stimulation. 
Moreover, the observation (Fig. 1) that T-cell proliferation was 
not inhibited when cyclosporin A was added 72h after the 
initiation of AMLR cultures eliminates the possibility of 
nonspecific toxic or lytic effects on the responding cells. Finally, 
activation of the stimulator cells with Epstein-Barr virus was not 
affected by the presence of cyclosporin A in the cultures, and 
pretreatment of the stimulator cells with this drug did not modify 
their capacity to induce proliferation (data not shown). 


40 
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addition Day of addition of cyclosporin A 


Fig. 1 Kinetic study of the inhibitory effect of cyclosporin A on 
the AMLR response. AMLR between 10° T cells and 10° irradi- 
ated autologous non-T cells were co-cultured in a final volume of 
0.2 ml of complete culture medium (see Table 1 legend). Cyclo- 
sporin A (1 pgml `!) or medium was added to the cultures at 
different intervals after initiation of the AMLR cultures. Pro- 
liferation was determined by the *H-thymidine uptake during the 
last 12 h of the 7-day culture period. 
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Table 3 Response to various autologous stimulator cells of T cells from primary AMLR cultures performed in the presence or absence of 


cyclosporin A 





Cyclosporin A 


addition 
Primary culture (ug ml’) Non-T 
T cells culture alone a 3202" 
1 1.0£0.1 
T AMLR — 33,.4+2.8 
j 6321.7 
3 4.2 £1.5 
T AMLR + 1 pg mi~ * cyclosporin A — 1.9+0.1 
T AMLR +3 pg ml! cyclosporin A — 1.10.3 





Secondary AMLR culture stimulator cells 


T-PHA T-AMLR MNC-PHA  T-(AMLR+CYA) 
1.8+0.2 1.9+0.1 2.440.3 0.70.1 
0.7+0.1 0.6+0.2 0.9+0.1 0.5+0.1 
29.3+1.7 20.6% 2.5 31.5+1.9 2.9+0.7 
§.0+1.8 4.8+2.0 7.6%2.3 1.1+0.2 
3.5+0.6 3.3411 4.11.6 1.4+0.5 
1.3+0.1 1.5+0.3 4.2+1.0 0.6+0.1 
1.0+0.1 1.4+0.4 4.1+0.7 0.9+0.3 


Cyclosporin A (1 or 3 pg mi?) or medium was added to each well at the initiation of the secondary AMLR culture. T cells cultured alone or with 
irradiated autologous non-T cells in the presence (T-AMLR +1 or 3 pg ml”! cyclosporin A) or absence (T-AMLR) of cyclosporin A for 10 days 
(primary AMLR culture) were recovered by rosetting with SRBC and restimulated with the following autologous cells: Non-T cells; T-PHA = 8-day 
PH A-stimulated T cells; T-AMLR = T cells from 7-day cultures; MNC-PHA = 4-day PHA-stimulated peripheral blood MNC; T-AMLR = T cells 


from 7-day AMLR culture done in the presence of 1 pg ml” 


cyclosporin A. The cell mixture was incubated at 37 °C for 3 days, and the °H-thymidine 


incorporation during the last 12 h of the culture period determined (see Table 1 legend). 
* Mean+s.d. of three independent experiments expressed as c.p.m. x 107°. 


We next studied the effects of cyclosporin A on the secondary 
AMLR using different kinds of irradiated autologous cells as 
stimulators. T cells activated in primary AMLR cultures or by 
PHA possess DR antigens on their surface’'*'* and can 
function as stimulator cells in the AMLR’. Table 3 shows that 
the addition of cyclosporin A at the start of the secondary 
AMLR cultures inhibited the proliferation of the responding T 
cells. Interestingly, T cells from primary AMLR cultures per- 
formed in the presence of cyclosporin A were unable to function 
as stimulators in secondary AMLR cultures, whereas T cells 
from primary cultures without cyclosporin A functioned well as 
stimulator cells. Furthermore, the former cells were not killed by 
treatment with a monoclonal anti-DR antibody (NE011, NEN) 
plus complement whereas 50-60% of the latter cells were lysed 
by similar treatment. This indicates that T cells exposed to 
cyclosporin A lose their capacity to bind DR antigens, a pro- 
perty of T cells which has been demonstrated by Elliot et al.” 

We also found that T cells from primary cultures containing 
cyclosporin A exhibited a proliferative activity similar to that 
shown by the population of cultured, not stimulated, T ceils, 
whereas non-cyclosporin A-treated T cells responded with a 
typical pattern of secondary responses (higher proliferation at 
an earlier time). These findings suggest that cyclosporin 
A-treated T cells were not activated in the first culture, as they 
proliferate in secondary cultures to a similar extent to T cells 
cultured but not activated. 

Thus, cyclosporin A inhibits the AMLR response by acting 
selectively on the responding T cells before they become 
responsive to IL-2, after which the drug can no longer inhibit 
T-cell proliferation and/or growth. We therefore conclude that 
cyclosporin A exerts its inhibitory effects by interfering with the 
process which normally enables resting T cells to become sensi- 
tive to IL-2, a step which is induced by signals from HLA-DR 
antigens of the stimulator cells”’’. As cyclosporin A has no 
effect on stimulator cells, it probably blocks the receptors for the 
DR molecules on T cells and consequently inhibits the expres- 
sion of IL-2 receptors on these cells. This notion is supported by 
several pieces of evidence. First, cyclosporin A-treated T cells 
are unresponsive and unable to absorb IL-2 (ref. 5 and the 
present study). Second, T cells from primary AMLR cultures 
performed in the presence of cyclosporin A do not possess DR 
antigens and are unable to function as stimulator cells in the 
AMLR. Third, cyclosporin A does not affect other receptors 
present on T cells, as it did not reduce the number of T cells 
forming rosettes with sheep red blood cells or autologous eryth- 
rocytes (data not shown). 

We have recently found that HLA-DR antigens participate in 
the process of IL-2 production in either the AMLR or allogeneic 
mixed lymphocyte reaction (MLR) by rending IL-2-producer T 
cells sensitive to interleukin 1 (formerly lymphocyte activating 
factor), which induces these cells to secrete the growth factor. 
The addition of cyclosporin A to AMLR and MLR cultures 





causes [L-2-producer T cells to become unresponsive to inter- 
leukin 1 and abrogates the synthesis of IL-2'°. 
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The genes required for autonomous replication and incompati- 
bility in the antibiotic resistance plasmids R100 and R1 have 
been located within a 2.5-kilobase region of the 90-kilobase 
genome, within which the incompatibility gene occupies a 1.3- 
kilobase region excluding the replication origin. We now report 
that three RNA species are synthesized in vitro from the 
2.5-kilobase region, which R100 and R1 have in common. One, 
a long RNA molecule which is transcribed in the direction of 
DNA replication, probably acts as a messenger or a protein 
required for plasmid replication. The second RNA species, only 
91 nucleotides long, is transcribed in the opposite direction, 
from a region of the DNA entirely contained within the first and 
known to specify incompatibility and copy control functions. 
The third RNA species, 150 bases long, is transcribed from a 
region including the replication origin’; it may be a primer of 
DNA synthesis or, in conjunction with the second of the three 
RNA species, an influence in the control of replication. 
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The various components involved in replication control were 
studied using the small multicopy derivatives of R100 and R1, 
pSM1 and pTR1, respectively (Fig. 1). The nucleotide sequence 
of the entire region for replication of pSM1 (ref. 2) and pTR1 
(T.R. et al., in preparation) was previously determined. In vitro 
transcription of whole pSM1 and pTR1 and the PstI fragment 
known to be responsible for incompatibility (see Fig. 1) 
produced a small densely labelled RNA species common to 
pSM1 and pTR1 when synthesized in the presence of [y- 
"P]ATP or [a-**PJUTP. We call this transcript RNAI, and 
sequence analysis (see Fig. 2) reveals that the 5' end occurs at 
nucleotide 563 and that it generally terminates at nucleotide 473 
of the previously determined pSM1 replication region sequence 
(Fig. 3). The RNA can form two large stable secondary struc- 
tures, as shown in Fig. 4. Interestingly the two differences in 
sequence between pTR1 and pSM1 in this region occur at the 
top of the large secondary structure shown in Fig. 4, while 13 of 
the first 14 nucleotides of RNAI are complementary to the 
sequence between 2,367 and 2,380 of the replication origin 
region (Figs 3, 4). 

In vitro transcription of pSM1 or pTR1 in the presence of 
[y-??P]GTP or [a-**PJUTP produces a much larger RNA spe- 
cies common to pSM1 and pTR1, which we call RNAII. The 5’ 
end of this transcript occurs at nucleotide 392 but the location of 
the 3’ end is unknown. 

Both RNAI and RNAII are preceded by regions of reason- 
able homology to the prototypical RNA polymerase recognition 
region known as the —35 region (tgTTGACA-ttt) and Pribnow 
sequence (TATPuATPu)’ as shown in Fig. 3. Interestingly, the 
nucleotide sequence of the —35 region of the promoter for 
RNAI in pSM1 is different from that in pTR1, although the 
Pribnow sequence is the same. 

When the PstI fragment which carries the origin of replication 
of pSM1 or pTR1 is transcribed in vitro in the presence of 
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Fig. 1 A circular representation of some genetic and physical 
properties of the plasmid R100. The region required for replication 
(REP) includes the origin of replication (ori) from which repli- 
cation proceeds unidirectionally in the direction shown. The origin 
region was determined by electron microscopic analysis of repli- 
cating molecules’? and the sequence was determined’. The figure 
also shows a linear representation of the replication regions of the 
R100 derivative pSM1 and the R1 derivative pTR1 which was 
constructed from Rse13 such that only the replication region and 
the gene conferring ampicillin resistance remain (T.R., unpub- 
lished results). The regions required for replication and incompa- 
: tibility are shown at the bottom of the figure. The open arrows 
_ marked RepA3 and RepA4 indicate open reading frames predic- 
ted by nucleotide sequence analysis*. The cross-hatched arrows 
show the position of reading frames whose polypeptide products 
have been confirmed’. The heavy arrows marked RNAI, RNAII 
and RNAIII are the transcripts described in the text. 


aha cc NS a atl i es 
* Present address: Department of Pathology, Stanford University School of Medicine, Stanford, 
California 94305, USA. 





Fig.2 Autoradiogram of a sequencing gel of the 5’ end of RNAI. 
The position of selected G residues on the sequence shown in Fig. 3 
are marked. Sequencing was performed by enzymatic cleavage as 
described by Donnis-Keller et al.’° and Simonesits et al.'*, The 
lanes of the gel are as follows: C, control; P, Phyl; A, pancreatic 
RNase A; L, alkaline digest; U, RNase U,; T, RNase T,. RNA was 
synthesized in vitro, basically as described by Majors’’ in a mixture 
containing 0.2 pmol DNA (circular plasmids or linear restriction 
fragments) 30 mM Tris (p H 8.0), 2 mM MgCl, 0.1 M KCI, 0.1 mM 
EDTA, 0.imM dithiothreitol and 0.5mgml~' bovine serum 
albumin. RNA polymerase (Boehringer Mannheim) was added in a 
molar ratio of 10:1 enzyme to DNA and the mixture was incubated 
for 10 min at 37°C. Nucleotides were added to a final concen- 
tration of 20 uM except for the labelled nucleotide, which was 
added to 2 uM. The mixture was then transferred to a tube 
containing 40 pCi [a -PJUTP or 0.2mCi dried down [y- 
P]ATP’ .or [y- ° P]GTP (>1,000Cimmol™'!, ICN) and 
incubated at 37 °C for 30 min. The transcripts were purified by gel 
electrophoresis as described by Donnis-Keller et al., 


[y-**PJATP, a third transcript called RNAIII is found. The 5’ 
end of this transcript occurs at nucleotide 2,316, and the region 
upstream of this site displays moderate homology to prototypi- 
cal promoter sites (Fig. 3). The transcript has two termination 
sites when this Pst] fragment is used as a template, the first being 
simply the end of the PstI fragment, and the second at approxi- 
mately nucleotide 2,465, about seven bases upstream of the Pst] 
cutting site. Label is preferentially incorporated in the shorter 
transcript with a ratio of 3.7:1. The sequence in this region, 
TAATCAATAT, is remarkably similar to that at the 
termination site of Atp;—CAATCAA‘*—and tRNA P -m 
CAATCAATAT*—both of which are p-factor-dependent 
transcriptional termination sites. 
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335 


3'-TTGCTACGTACACTACTACCCGAATGTAAGAACTCACA 





396 RNAII-start 


80 


CTTCTAATCACGATCTAA TIGAC TAGCAAATTCCT TAAAACACCGACCGGTGCGGCATTCCACCGT 


oSM1:5' “AACGATGCATGTGATGATGGGCTTACKTTCTTGAGTGTTCHGAAGATTAGTS TAGATT cTGATCATTTAAGGAATTTTGTGGCTGGCCACGCCGTAAGGTGGCA 


Rsc13:5'-CTGCAGAGACTGGATATACTAAAGTAAAGACT ITA 










oe 450 —~ RepA3 ——> 
Psti-site Met 


GCGTAGCA 
3'-GACGTCTCTGACCTATATGATT TCATTTQTGAAATGARACACCGCATCGT 


Trplle TyrArgSerclnLysSerLysAsnProdspAenleuleuG lnLeuLeuArgValArglyeAepTyrargGlyProleulysrr 


AGGAACTGGTTCTGATGTGGATT TACAGGAGCCAGAAAAGCAAAAACCCCGATAATCTICTTCAACT TT TGCGAGTACGAAAAGAT TACCGGGGCCCACTTAAACE 
TECTTGACCAAGACTACACCTAAATGTCCTCGGTCTTTTCGTTTTTGGGGCTATTAGAAGAAGTTGAAAAC GC TCATGCTTTTCTAATGGCCCCEGGTGAATTTS® 


473 RNAI -end 


C T 
.633 


GTATAGCCAACAATTCAGCTATGCGGGGAG TATAGTTATATGCCCGGAAAAGT TCAAGACTTCTTTCTGTGC TCGCTCCTICTGCGCATTGTAAGTGCAGGATGGT 


GAAAGACACGAGCGAGGAAGACGCGTAACATTCACGTCCTACCA 


SATASCEAACARTEACTA TSENG TTA ATEC CEQ sPheLysThrSerPheCysAlaArgSerPhelysAlaleupe 


CATATCGGTTGTTAAGTCGATACGCCOCTCATATCAATATACGGGCOTTTTCAAGTTE 


RNAI-start 563 
648 ___ Rapa] —> 


Val ThrAepLeuli eGlnthr Tyr TyrArgGlnVal LysAsnProAanProVal PheTheProArgGluGlyAlaGly ThnLbeulysPheLeuGlulysleute tC 

GIGACTGATCTTCACCAAACGTATTACCGCCAGG TAAAGAACCCGAATCCGGTGTTTACACCCCGTGAAGGT GCAGGAACGCTGAAGTTC TGCGAAAAACTGATGG 

CACTGACTAGAAGTGGTTTGCATARTGGCGGTCCATTTCTTGGGCTTAGGCCACAAATGTGGGGCACTTCCACGTCCTTGCGACTTCAAGACGCTTTTTGACTACE 
T 


C 
G À G 


lulysAlaVal GluPhe ThrSerargPheAspPheAlallekieaValAlaktedladrgSerdrgGlyLeuArgargArgMetProProvVal Leudrgargargal 

ANAAGGCGGTGGGCTTCACTTCCCGTITTGATTTCGCCATTCATGTGGCGCATGCCCGTTCGCGTGGTCTGCGTCGACGCATGCCACCAGTGCTGCGTCGACGGGC 

TTTTCCECCACCCGAAGT GAAGGGCAAAACTAAAGCGGTAAGTACACCGCGTACGGGCAAGCGCACCAGACGCAGC TGCGTACGGTGGTCACGACGCAGCTGCCCG 
C C G : 


. & 
G G C C 
877 2316 RNAIII -start 
alleAspaAlaleuLeuGin 2260 
TATTGATGCGCTCCTGCAG~ ---- -- -- -- -ATCAATCAGTACCGGCTTACGCCGGGC TTCGGCGGTTTTACTCCTGTATCATATGAAACAACAGAGTGCCGCCTT 
ATAACTACGCGAGGACGTC ---~--~----~ TACT TAGTCATGGCCGAATGCGGCCCGAAGCCGCCAAAATGAGGACATAGTATACTTTGTTGTCTCACGGCGGAA 
G 
Pstl-site 


367 2380 


2 
CCATGCCGCTGATGCGGCATATCCTGGTAACGATATCTGAATTGTTATACATGTGTATATACGTGGTAA TGACAAAAATAGGACAAGT TARAAAT TTACAGGCGAT 
AGTACGGCGACTACGCCGTATAGGACCAT TGCTATAGACTTAACAATATGTACACATATATGCACCATTACTGTTT TTATCCTGTTCAATTTTTARATGTCCGCTA 
po Si el ee 


RNAIII -end 2365 


GCAATGATTCAAACACGTAATCAATATCTGCAG 
CGTTACTAAGTTTGTGCATTAGTTATAGACGTC 


Pstl-site 


Fig. 3. The location of RNAI and RNAII within a PstI fragment of pTR1. The entire sequence of the plasmid pSM1 within this fragment is 

shown and the differences between pSM1 and pTRI are shown below the pSM1 sequence. The heavy lines above and below the sequence show 

the location of RNAI and RNAI at the nucleotide sequence level. The boxed regions proximal to each transcript delineate the Pribnow and —35 

recognition sequences. The coding regions for RepA1 and RepA3 as well as the amino acid residues encoded are indicated on the sequence. A 

portion of the sequence of the origin region of pSM1 (2,260-2,480) including RNAITI and the sequence complementary to the 5’ end of RNAI is 
also shown. 


RNAIII has only been found when the linear PstI fragment is 
transcribed, and its absence when superhelical pSM1 or pTR1 
DNA is used as template may be due to nonspecific termination 
in the absence of p-factor yielding a heterogeneous range of 
transcripts. Most interestingly, the region of complementarity 
between RNAI and the origin region occurs within this tran- 
script (Fig. 3). As will be discussed below, the interaction 
between RNAI and the superhelical template may affect the 
transcription of RNAI. 

RNAII is almost certainly the messenger RNA required to 
translate a 33,000-molecular weight (MW) protein called 
RepA1 which is assumed to be necessary for replication initia- 
tion (see Fig. 1 and ref. 2). As RNAII spans the coding region of 
a second, much smaller hypothetical 7,000-MW protein called 
RepA3, it may also direct the synthesis of that protein. 
However, RepA3 has not been seen in vive or in vitro, so it is 
unclear whether this hypothetical protein is translated. 

An interesting hypothesis is that RNAI may be partly 
responsible for copy number control and incompatibility, 
because it is synthesized in the region responsible for these 
functions. Figures 3 and 4 show that the two sequence 
differences between pSM1 and pTR1 in this region occur at the 
top of the proposed secondary structure for RNAI. Comparison 
of these sequences with the wild-type R1 DNA sequence 
recently obtained by Stougaard et al.° reveals a single base-pair 
change between wild type and pSM1 at position 505 and 


between wild type and pTR1 at position 510; these two 
differences between the pSM1 and pTR1 DNA sequences are 
probably responsible for their mutant copy number phenotypes, 
possibly altering the copy number and incompatibility proper- 
ties of these plasmids by altering the affinity that RNAI has to a 
protein also involved in replication control. 

RNAIII is likely to act either as the actual primer for the 
initiation of the plasmid DNA synthesis, or as a transcriptional 
activation signal which we suggest alters the conformation of a 
secondary structure at the replication origin upstream of this 
RNA transcript much as proposed by Hobom et al. for A 
replication’. A large secondary structure has in fact been found 
upstream of RNAIII in pSM1 (ref. 1). As described above, 13 of 
the first 14 nucleotides of RNAI are complementary to the 
region between 2,367 and 2,380 of the replication origin region 
spanned by RNAIII (Figs 3, 4). Assuming that RNAI is involved 
in the incompatibility reaction and acts directly at the origin, 
RNAI may inhibit the initiation of DNA synthesis by binding to 
the complementary sequence at the origin region, probably with 
the aid of a protein(s). 

In our in vitro system, RNAI and RNAII are transcribed 
simultaneously from the same region of the plasmid but in 
opposite directions. In vivo, the production of RNAI itself may 
be controlled at the transcriptional level by an attenuator-like 
mechanism” affecting both copy number and incompatibility. If 
a ribosome succeeds in binding to a nascent RNAI before the 
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Fig.4 Possible secondary structure of RNAI and homology to the 

origin of pSM1. The two arrows at the top of the loop indicate the 

differences between the sequence of RNAI and pSMI and pTR1 at 

positions 505 (A >C) and 510 (CU). The line within the first 

small hairpin loop indicates the region complementary to the origin 

region between nucleotides 2,367 and 2,380 of the pSM1 repli- 
cation region sequence (see Fig. 3 and ref. 1). 


RNA polymerase reaches the termination point the secondary 
structure would be disrupted and, analogously to the pattern of 
transcription in attenuation systems*”?, transcription might pro- 
ceed beyond the termination point reported here. It is difficult to 
predict if RNAI is actually translated. A small open reading 
frame begins at the start codon GUG (535-533) just before the 
large stem structure seen in Fig. 4 and continues until the 
termination codon UAG (384-382) (see Fig. 3). This reading 
frame is preceded by the sequence GGU (542-540), which may 
serve as a ribosome binding site’®. The protein which could be 
translated from the extended RNA would have a MW of 
~ 5,300, and as this is the region encoding copy number control 
and incompatibility functions, both of which are probably 
controlled by a repressor from this region, the 5,300-MW 
polypeptide is a possible candidate. However, because the 
base-pair change between pSM1 and R1 would not cause an 
amino acid change if the extended RNAI were translated, this 
small polypeptide would be identical in the wild-type and 
mutant plasmids. The two modes of transcription of RNAI may, 
however, correspond to the repressed and derepressed states of 
replication. Thus, the rate of plasmid replication could be tied, 
deterministically, to other aspects of cellular metabolism by the 
average rate of initiation for RNAI translation. This larger RNA 
species may no longer be effective either because of steric 
problems in binding at the origin or in forming a duplex with 
nascent RNAI or because of improper or altered processing of 
the molecule. 

Recent data obtained in the ColE1 plasmid system shows a 
very similar pattern of transcription in the region required for 
replication to that seen in pSM1 and pTR1 (ref. 11), although 
the ColE1 plasmid does not require any of its own proteins for 
replication and has no transcript corresponding to RNAIII. A 
small RNA which may be analogous to RNAI is produced in the 
direction opposite to the direction of replication and ~450 bases 
upstream from the replication origin’*. A small insertion muta- 
tion that maps in this RNA increases the copy number of the 
plasmid, indicating that this RNA is an important control ele- 
ment. Furthermore, it is transcribed in the direction opposite 
that of a second, larger transcript required in vitro as a primer for 
DNA synthesis''. We do not know whether RNAII in our 
system can be used as both an mRNA and a primer for R-factor 
replication. It is reasonable to propose that RNAI, by interac- 
ting at the origin region, is involved in copy number control, 


based on its location in the replication region, the changes found 
in pSM1 and pTR1 that appear to cause the increased copy 
number phenotype and by partial analogy to the ColE1 system. 
Further genetic and biochemical analyses to determine the 
nature of this control system are under way. 

We thank Chiyoko Machida for sharing her expertise in the 
use Of various RNases, Bert Semler and Naomi and Akiko 
Kitimura for help in the initial stages of RNA sequencing, 
Yvonne Tong and Linda Hollman for typing the manuscript, 
Joyce Schirmer for the illustrations and Jeff Demian for the 
photographs. This work was supported by the USPHS with 
research grants to E.O. (GM22007) and H.O. (GM26779) and 
by partial support to T.R. under training grant (CA-09176). 
Note added in proof: In recent attempts to shorten the repli- 
cation region we have been unable to delete the region coding 
for RNAI and RNAITI but the region coding for RNAMTI can be 
eliminated. Thus RNAIII is unlikely to be a primer for DNA 
synthesis but the possibility that its normal function includes 
some other aspect of replication control is not excluded. 
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Cell division is a tightly regulated periodic process. In steady- 
state cultures of Enterobacteriaceae, division takes place at a 
well defined cell mass’ and is strictly coordinated with DNA 
replication’. In wild-type Escherichia coli the formation of cells 
lacking DNA is very rare’, and interruptions of DNA replication 
arrest cell division* *. The molecular bases of this replication- 
division coupling have been elusive but several models have 
been proposed. It has been suggested, for example, that the 
termination of a round of DNA replication may trigger a key 
event required for cell division**. A quite different model 
postulates the existence of a division inhibitor which prevents 
untimely division and whose synthesis is induced to high levels 
when DNA replication is perturbed’. The work reported here 
establishes the existence of the latter type of replication—division 
coupling in E. coli, and shows that the sfiA gene product is an 
inducible component of this division inhibition mechanism 
which is synthesized at high levels after perturbations of DNA 
replication. 
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Fig. 1 Inducibility of sfiA gene expression by thymine starvation 
and UV-ray irradiation. Bacteria were grown at 37°C in M63 
minimal salts medium’? supplemented with glucose, casamino- 
acids and growth requirements. At an absorbance A of ~0.4, the 
cultures were adjusted to A 0.1, a part of each was induced (a, 
centrifuged and washed twice, then resuspended in medium 
without thymine; b, irradiated with 10 J m`? UV ray) and incuba- 
tion was continued at 37°C. Samples were withdrawn every 
5 (induced cultures) or every 15 (uninduced cultures) min for 
absorbance measurements and B- galactosidase assays (carried out 
as in ref. 35). Enzyme units were calculated as described in ref. 37. 
Strain construction is described in Table 1 legend. 


Much evidence points to the induction by DNA damaging 
treatments of a number of biological phenomena, collectively 
termed the SOS response (reviewed in refs 10-12). These 
phenomena include the appearance of new DNA repair and 
mutagenic activities, massive synthesis of the recA protein, lytic 
development of certain prophages in lysogenic strains and 
division inhibition (filamentous growth) in non-lysogens. The 
recA and lexA functions regulate the expression of all these 
phenomena. Mutant alleles of either locus can entirely prevent 
induction of the SOS response (recA~, lexA™) or cause its 
gratuitous expression at 42°C (tif at the recA locus, tsi at the 
lexA locus ®t, 

Incubation of non-lysogenic tif or ts! strains at 42 °C arrests 
cell division, resulting in the formation of long, multinucleate 
filaments. This filamentous growth is completely suppressed by 
sfiA mutations, whereas other aspects of the SOS response are 
unaffected'*"'*, The sfiA locus thus defines an element directly 
involved in the division inhibition process. 

One model of replication—division coupling predicts the exis- 
tence of an inducible division inhibitor. We thus sought to 
determine whether synthesis of the sfiA product is induced when 
DNA replication is perturbed. 

To obtain accurate quantitative measurements of the rates of 
sfiA gene expression in various conditions we chose the power- 
tul method of operon fusion, using the phage Mu d(Ap, /ac)'* to 
link the structural gene for B- galactosidase (lacZ) to the 
promoter of the sfiA operon. Near one extremity of the phage 
genome are the lacZ and lacY genes, lacking a promoter. The 
phage genome is so constructed that, when inserted in a host 
operon in the proper orientation, the lac genes of the prophage 
can be expressed from the adjacent bacterial promoter: their 
level of expression then reflects the level of expression of the 
bacterial operon in which the prophage is inserted. 
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Previous studies have shown that sfi-dependent filamentation 
occurs early during thymine starvation’’. The effect of thymine 
starvation on sfiA expression was investigated in a thyA 
sfiA::lacZ fusion strain. The differential rate of B-galac- 
tosidase synthesis in these conditions quickly increases 20-40- 
fold (Fig. 1a, Table 1) reaching ~0.3% of total protein synthesis. 
Thus the sfi-dependent filamentation normally observed during 
thymine starvation is correlated with a large increase in the rate 
of sfiA gene expression. A UV-ray dose of 10 J m`? similarly 
causes a rapid 20-40-fold increase in the differential rate of 
B-galactosidase synthesis (Fig. 1b, Table 1). Nalidixic acid, a 
specific inhibitor of DNA gyrase, and methyl methanesul- 
phonate, a DNA alkylating agent, also induce high rates of sfiA 
gene expression (Table 1). A Mu d(Ap, lac) prophage inserted 
in the gal operon does not lead to UV-ray inducible B -galac- 
tosidase synthesis (Table 1), showing that the inducibility 
observed in sfiA::lacZ strains depends on the sfiA location of 
the prophage. We conclude that perturbations of DNA repli- 
cation induce a high level of expression of the sfiA gene. 

We next studied the effect on sfiA gene expression of muta- 
tions known to suppress or enhance sfi-dependent filamen- 
tation. recA~ and lexA~ mutations completely suppress the SOS 





Table 1 Induction of sfiA gene expression 
8- galactosidase specific 
activity (U per mg dry weight) 
Un- Induced 


Strain Inducing treatment induced 60min Dose 
sfiA: lacZ thyA Thymine starvation 50 410 
sfiA: lacZ UV-ray irradiation 30 140 1Jm? 
440 Ilm”? 
SRA: lacZ Nalidixic acid 30 110 2peml! 
710 40 pgm? 
sA: lacZ Methy! 30 360 0.025% 
methanesulphonate 
sA: lacZ Nitrofurantoin 30 90 2ugm `’ 
siA::lacZ recA UV-ray irradiation 10 10 1Jm”? 
10 103m”? 
SfiA::lacZ lexA UV-ray irradiation 10 10 tim? 
10 10Jm~" 
sfitA: lacZ tif 42°C 80 700 
sfiA: lacZ tsi 42°C 200 450 
sfiA::lacZ tslrecA 42°C 200 400 
sfiA::lacZ lon UV-ray irradiation 20 400 103 m™* 
gal::lacZ Galactose 10 50 0.4% 
UV-ray irradiation 10 10 10Jm™~ 
gal: :iacZ recA Galactose + UV rays 10 25 0.4%, 
1OJm? 
gal: :lacZ lexA Galactose + UV rays 10 30) 0.4% , 
1OojJm™ 
gal: lacZ tf 42°C 10 10 
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Bacteria were grown at 37°C in M63 salts medium’? supplemented with 


glucose, casaminoacids and growth requirements {except for the experiments with 
tif and tsi strains, grown at 30 °C) to a value of A sog of ~0.4, then diluted to A 0.4 
(the thymine-starved culture was first centrifuged and washed twice to remove 
exogenous thymine). One part of the culture was induced (by removal of thymine, 
UV-ray irradiation, temperature shift or addition of the appropriate factors), the 
cultures were further incubated for 60 min and B- galactosidase specific activities 
measured’. Adenine (100 pg ml” ') was added to the tif cultures at the time of the 
temperature shift. To isolate Mu d(Ap, lac ) insertions at the sfiA locus, we selected 
for a Sfiv phenotype '*?*6 in a lon strain”, taking advantage of the hypersen- 
sitivity of the strain to low concentrations of nitrofurantoin*®. Lysogenic S` clones 
were selected from a Mu d(Ap, /ac)-infected lon culture on plates containing 
ampicillin ($0 pg ml!) and nitrofurantoin (2 pg ml’). These were purified, © 
checked for UV-ray resistance (to confirm the Sfi“ character) and analysed 
genetically. All Sfiv clones carried a sfiA mutation, about 50% co-transducible 
with pyrD by P1'*!*?526, For most isolates the introduction by transduction of the 
Sfi* character was invariably accompanied by loss of the Mu d(Ap, lac ) prophage, 
the strains thus harboured a single Mu d{Ap, lac) prophage, located at the sfiA 
locus and conferring a Sf” phenotype. Strains of this type having a significant basal 
level of B -galactosidase were considered to have the lac genes fused to the sfiA 
promoter. One such fusion was transduced with P1 vir (selection Ap*) into a strain 
carrying a chromosomal lac deletion (to prevent extraneous synthesis of B- 
galactosidase) and a Mu c” prophage inserted in the trp operon (to prevent 
thermoinduction of the Mu d(Ap, lac ) prophage, whose repressor is thermolabile). 
One Ap® transductant, verified to have a Sfi phenotype, was used for this study; 
all other sfiA::lacZ fusion strains were derived from this transductant. The 
gal::lacZ strains were constructed in a similar way using a strain carrying Mu 
d(Ap, lac) inserted in the galT gene as donor in the transduction to Ap®. 
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Fig. 2 Regulation of sfiA gene 
expression in af(recA) and tsl(lexA) 
mutants. Bacteria were grown at 
30°C (a, in M63 minimal salts 
medium*” supplemented with 
glucose, casaminoacids, growth 
<= requirements and—at 42°C— 
adenine; b and c, in LB broth). At A 
0.4, the cultures were diluted to A 
0.1 in medium prewarmed to 
42°C(open symbols) or 30°C 
(closed symbols) and incubation was 
continued. Samples were withdrawn 
every 5 (42 °C cultures) or every 15 
(30 °C cultures) min for absorbance 
measurements and f- galactosidase 
assays*’* 77, Strain construction is 
described in Table 1 legend. 
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response'’"'*, In recA or lexA derivatives of the sfiA::lacZ 
fusion strain no UV-ray induction of B -galactosidase synthesis is 
observed in the dose range 1-10 J m~? (compare with Table 1). 
These same recA. and lexA mutations introduced into a 
gal::lacZ fusion strain do not affect the inducibility of B- 
galactosidase synthesis by galactose, and the capacity of these 
highly UV-ray sensitive strains to synthesize 6 -galactosidase is 
not seriously reduced by 10 J m~? UV -ray irradiation (Table 1). 

The tif and tsi mutations in the recA and lexA genes cause 
constitutive expression of some SOS functions at 42 °C (refs 18, 
19), including sfi-dependent filamentation'*'*'’, At this 
temperature in uf sfiA::lacZ (Fig. 2a, Table 1) and tsi 
sfiA::lacZ (Fig. 2b, Table 1) fusion strains, a high rate of 
B- galactosidase synthesis is induced, but no similar induction is 
observed in a tif gal: : lacZ fusion strain (Table 1). Furthermore, 
division inhibition by expression of the ts! mutations, unlike all 
other known inducing treatments, does not depend on recA* 
activity™ and in atsl recA sfiA::lacZ fusion strain a high level of 
B- galactosidase synthesis is still observed at 42°C (Fig. 2c, 
Table 1). 

The recA * and lexA* gene products are thus regulators of sfiA 
gene expression, probably at the transcriptional level. The recA 
and din genes are similarly inducible in a recA *-lexA *-depen- 
dent manner’”*', and in the case of the recA gene this regulation 
has been shown to be at the transcriptional level??? 

The lon mutation amplifies sfi-dependent filamen- 
tation’****°, sensitizing the cell to small doses of DNA 
damaging treatments. At least seven different enzymes involved 
in cell-wall biosynthesis are present at higher levels in lon strains 
than in /on” strains’, and in one case, that of the gal operon, the 
lon mutant has been reported to have increased transcription 
rates**. The induction of sfiA gene expression by UV-ray 
irradiation was identical in lon and lon* sfiA::lacZ fusion 
strains in basal level and induction kinetics (see Table 1). Thus 
lon* function does not seem to be a transcriptional regulator of 
the sfiA operon. As lon mutants are also deficient in Deg 
protease activity”, it is tempting to speculate that this protease 
is normally involved in eliminating excess sfiA protein, allowing 
rapid resumption of cell division as soon as normal DNA 
replication is restored. 

Current models accounting for the regulation of the SOS 
response postulate that DNA damaging treatments result in the 
formation of a signal molecule by the DNA replication 
~-complex****. This molecule activates the recA protein to a 
protease form which, in turn, cleaves certain cellular repressors, 
in particular the cI repressor of A prophage”? and the lexA 
protein**. The results reported here show that a high rate of sfiA 
gene expression is part of the SOS response. The sfiA product is 
directly involved in SOS division inhibition and its synthesis is 
induced very rapidly during thymine starvation or after UV-ray 
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irradiation (Fig. 1). The sfiA product thus provides a highly 
sensitive link coupling cell division to DNA replication by the 
following probable sequence of events: perturbations or alter- 
ations of the DNA replication complex cause the generation of a 
signal molecule which activates the recA protein to its protease 
form. The recA protease then cleaves the lexA repressor, 
leading to derepression of the sfiA operon. Finally, the high 
concentration of sfiA protein thus produced results in an inhibi- 
tion of cell division. In this sense the sfiA gene product can be 
considered an inducible division inhibitor, although its precise 
role in division inhibition remains to be elucidated. 
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Foot and mouth disease virus (FMDV), of the family Picorn- 
aviridae, consists of a single-stranded RNA (~8,000 nucleo- 
tides), the translation of which is initiated on the 3’ side of a 
150-nucleotide poly(C) tract and yields a single polyprotein 
which is processed by host cell proteases into four primary 
products (Fig. 1)'*. One or more virus-specified proteases 
further cleave these into the final products, the capsid proteins 
(VP1-4) being derived from the precursor p88 (for review see 
ref. £). There are seven serotypes of the virus and as it has been 
shown that the immunizing activity of FMDV particles is asso- 
ciated primarily with VP1 (refs 6, 7), it seems likely that 
antigenic variation in FMDV is a result of changes in the 
structure of this protein. To further our understanding of this 
variation and as a first step in the possible development of 
FMDV vaccines from genetically manipulated microorganisms, 
we report here the construction and analysis of recombinant 
plasmids containing cDNA copies of the RNA. Comparison of 
the deduced amino acid sequence with the known polypeptide 
sequences shows that the NH,-termini of VP2 and VP3 are 
conserved between the A and O serotypes whereas that of VP1 
(the immunizing antigen) varies by as much as 42% between 


serotypes. 


Fig. 1 Organization of 
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Using two strains of FMDV (serotypes Ajo, strain 61 and O,, 
strain BFS), double-stranded (ds) CDNA was synthesized’ and 
recombinant clones derived as described elsewhere’. Briefly, 
FMDV RNA (10 pg), primed with oligo (dT),._,., was used as a 
template for ds cDNA synthesis by reverse transcriptase. The ds 
cDNA so obtained ranged in size from 200 to 8,000 base pairs 
with a mean of ~1,000 base pairs as judged by agarose gel 
electrophoresis. The (dC)-tailed cDNA ‘(0.05 pmol) was 
annealed with (dG)-tailed PstI-digested pAT153 (0.2 pmol)’® 
and used to transform competent’! Escherichia coli HB101 
cells. Those clones derived from A; RNA are designated 
pFA10(61)/t whereas those from O, RNA are designated 
pFO1(BFS)/t; these are abbreviated here to pFA and pFO, 
respectively. In both the pFA and pFO clone banks ~90% of the 
tetracycline-resistant colonies were sensitive to ampicillin 
(100 pg ml!) which suggested that these colonies carried 
plasmids with ds cDNA inserted at the PstI site. Further charac- 
terization was initially on the basis of size, using a modification 
of the single-colony lysis procedure’’. The size distribution 
paralleled that of the ds cDNA used in the cloning (data not 
shown); the largest plasmid, pFA206, contained an insert of 
5,800 base pairs. 

Construction of restriction maps of the four largest plasmids 
from both sets of recombinants showed that, in the case of the 
pFA set, two plasmids, pFA76 and pFA206, contained over- 
lapping ds cDNA inserts which together corresponded to 
~7,200 base pairs (~90% of the FMDV genome). In the pFO 
set, the largest plasmid, pFO251, contained all the sequence 
(~4,800 base pairs) present in the other pFO plasmids analysed. 
The Pst! site was not regenerated at both ends of all of the inserts 
which were analysed, probably because of slight exonuclease 
degradation at some stage during the construction of the 
recombinants. 

To align the restriction maps with the physical map of FMDV, 
32p-labelled fragments of type Aig RNA produced by T, RNase 
digestion were used as probes. Two oligonucleotides, T,-3 and 
T,-4, were used initially as these are located 1,000 (+300) and 
2,300 (+500) nucleotides respectively from the 5’ end of the 
RNA’. Aliquots of a Pstl/Aval double digest of pFA76 were 
resolved by agarose gel electrophoresis, transferred to nitro- 
cellulose filters’? and probed with *’P end-labelled oligonucleo- 
tides. The two probes hybridized to different fragments of the 


the FMDV genome. The 0 2 3 4 > 6 7 8 kb 
relative positions of the T, -oligonucleotides 
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recombinant plasmids are 
aligned with this map on 
the basis of restriction 
endonuclease analysis, 
hybridization to ~*P- 
labelled T, oligonucleo- 
tides (see Fig. 2) and on 
DNA sequence analysis. 
The T, oligonucleotides 
20 and 27 are positioned 
on the basis of previously 
published —_ results'*""”, 
whereas oligonucleotides 
3 and 4 have been located 
exactly as a result of the 
DNA sequence analysis. 
The regions of DNA 
sequence presented in 
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Fig. 3 are indicated by the heavy dots and arrowed lines over pFA76: a, b and c refer to the corresponding sections of Fig. 3. The restriction 
enzyme sites are designated: A, Ava 1; B, Bam HI, E, EcoRI, G, Bgl E H, Hin dlll; M, Smal; P, Pst 1; S, Sal 1; X, Xba 1; F, Hin fI. The Aval and 
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Table 1 Homology between the amino termini of VP1 of five FMDV 








5; strains 
a Ay Oik O;s Car 
Aig 69 82 584 7it4 
Àz 65 73244 8324 
i 6342 6744 
Og 7346 


Percentage homologies were determined from the data presented in 
Fig. 3. The potential error accounts for the ambiguity in the published 
sequences. 


digest (Fig. 2) and, as the relative positions of these restriction 
fragments in the pFA76 ds cDNA insert were known, the 
inserted cDNA could be aligned with the RNA to within 500 
nucleotides and its orientation in the plasmid obtained. The 
results indicated that the pFA76 insert spanned from ~800 to 
4,000 nucleotides from the 5’ end of the genome and the insert in 
pFA206, as deduced by its overlap with pFA76, spanned from 
~ 2,000 to 7,800 nucleotides from the 5’ end. This alignment was 
consistent with the finding that T,-20 (which had been mapped 
to between 500 and 1,000 nucleotides from the poly(A) tail’*) 
specifically hybridized to the PstI fragment of pFA206 nearest 
the 3’ end (data not shown). The ds cDNA contained within 
these two recombinants therefore included the entire region 
coding for the major capsid proteins (Fig. 1). 

The pFA recombinant clones were also screened by colony 
hybridization'*"” to detect plasmids containing inserts derived 
from the ends of the RNA. Short, oligo(dT)-primed ?P-cDNA 
was used as a probe for plasmids containing sequences from the 
3’ end of the RNA; several colonies gave a positive signal with 
this probe. The sensitivity of this assay was increased by isolating 
DNA from 1-ml cultures of these recombinant bacteria!® and 
binding this DNA onto nitrocellulose filters. Oligonucleotide 
T,-27, which is located 12-21 nucleotides from the 3’ end of the 
RNA, was **P-labelled and used to probe such a filter. Only 
one recombinant clone (pFA243) gave a positive signal; by 
DNA sequence analysis, this recombinant was found to contain 
sequences corresponding to the 3’ end of the virus RNA, 
including ~30 nucleotides of the poly(A) tail (data not shown). 
From a comparison of restriction maps, pFA243 and pFA206 
overlapped by ~2,000 base pairs (Fig. 1). 

To detect plasmids containing sequences from the 5’ end of 
RNA *’P-pCp-labelled S fragment, the small (~380 nucleo- 
tides”), 5'-terminal fragment of the RNA produced by RNase H 
digestion in the presence of oligo(dG),,_,. (ref. 3), was used to 
screen the recombinant clones. None of the clones gave a 
positive signal using this probe, which suggests that the 5’ end of 
the RNA was not represented in the clone bank. In a similar 
hybridization with **P-labelled T,-3 (located ~1,000 nucleo- 
tides from the 5’ end, Fig. 1) only two recombinants (pFA76 and 
pF A187) gave positive signals (data not shown). Digests of pFA 
76 DNA were already known to hybridize with T,-3 (Fig. 2, lane 
3): further analysis of pFA187 by restriction endonuclease 
mapping showed that it extended only marginally further than 
PFA76 towards the 5’ end (data not shown). These results 
indicate that ~750 nucleotides from the 5’ end of the RNA are 
not represented in the recombinant clones. 

An identical approach was used to orientate the pFO clones 
using the probes prepared from type A,, RNA. This was possi- 
ble even though there is only ~60% homology between the 
genomes of strains A61 and O,BFS*'. Radiolabelled T,-20 
specifically hybridized to one fragment of a Pst1/Eco RI double 
digest of pFO251 (Fig. 2, lane 5). The orientation of the ds 
cDNA insert relative to the genome suggested by this result is 
supported by the similarity between the restriction maps of 


pFO251 and pFA206 (Fig. 1). 
~ A detailed restriction map of pFA76 was constructed and 
_ used to sequence defined parts within the region coding for the 
-structural proteins (Fig. 1). The sequences obtained around the 


junctions of these proteins are presented in Fig. 3 together with 






861 


the predicted amino acid sequences. The latter are compared 
with the partial amino acid sequences which have been pub- 
lished for these proteins derived from other strains and sero- 
types of FMDV**-**. The amino-terminal sequence of VP2 is 
identical in the A, and O,, strains over the 20 amino acids 
available for comparison, while the ‘amino terminus of VP3 
shows just two differences out of 32 amino acids. The amino- 
terminal region of VP1 from A,, can be compared with four 
other strains of FMDV (Fig. 3c). The relatively large extent of 
variation of the amino-terminal region of VP] (compare with 
VP2 and VP3) may be related to the fact that this protein is the 
major immunizing antigen of FMD V°7:2*-’ and so variation of 
its sequence is under positive selection by the immune system of 
the host. The partial conservation of sequence which is apparent 
is probably due to constraints which must exist in order for VFI 
to fulfill its function in the capsid and perhaps for the critical 
features of the protease cleavage site in p88 to be maintained. A 
comparison of the degree to which the sequences vary between 
strains (Table 1) shows no obvious correlation with the serolo- 
gical relationships of the different strains. However, as the 
region available for comparison constitutes only ~10% of VPI, 
it may be that the antigenic determinants which define its 
serotype lie elsewhere within the protein. 

On the basis of their size and relative positions on the genome, 
it seems likely that the capsid proteins are contiguously coded”. 


4 
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Fig. 2 Orientation of ds cDNA inserts with FMDV genome. 

Restriction fragments of pFA76 and pFO251 DNA were resolved 
by electrophoresis through a 0.85% agarose gel, and transferred to 
nitrocellulose filters (Schleicher & Schuell BA85)'*. The filters 
were then incubated in 30 ul cm™* of hybridization buffer (40% 
(v/v) formamide, 0.4 M NaCl, 10 mM PIPES-NaOH pH 6.4, 0.5% 
(w/v) SDS, 0.04% (w/v) bovine serum albumin, 0.04% {w/v} 
Ficoll, 0.04% (w/v) polyvinyl pyrrolidone 40 and 100 ps ml E. 
coli URNA) for 2h at 50°C before addition of the *“P-labelled 
RNase T, oligonucleotide probes. The probes were prepared by 
two-dimensional gel electrophoresis of an RNase T, digest of 
100 ug of **P-labelled type Ayg RNA (5X 10° c.p.m.)°. The oli- 
gonucleotides were eluted from the gel and labelled at the 5’ end 
using polynucleotide kinase as described elsewhere”, The probes 
were allowed to hybridize for 16-20 h at 50°C before the filters 
were washed in 2 x SSC (eight changes of 256 ml each) at 45 a es 
air-dried and autoradiographed for 24-28h at ~70°C with an 
intensifying screen. Lane 1, ethidium bromide-stained gel of 
pFA76 DNA digested with PstI and Aval. Lane 2, parallel digest 
hybridized with **P-labelled T,-4 (2.5x 10° c.p.m.). Lane 3, 
parallel digest hybridized with **P-labelled T,-3 (4x 10° c.p.m.). 
Lane 4, ethidium bromide-stained gel of pFO251 DNA digested 
with PstI and EcoRI. Lane 5, parallel digest hybridized with 
**P-labelled T,-20 (5x 10° c.p.m.). The sizes of the restriction 

fragments in base pairs are indicated. 


Aa a C a T a a aa a a a ne 


802 Nature Vol. 290 30 April 1981 
a «3G “20 =e 
Ag TDNA TCCACGGACACAACTTCAACACACACAACCAACACCCAAAACAACGACTGGTTTTCAAAACTTGCCAGTTCGGCTTTTACCGGICTGTTCGGT GCA 
hsg VPA ved /YPS SerThrdepThrThrSerThrite Thr? hrAéanThrGlndanAsndepTrpPheserlysleud laSerSerdlaPheThrGlyleuPheGiyAla 
p f D 
=] +1 +10 +20 +30 
Ay DNA CTTCTCGCCGACAAGAAGACGGAAGAGACTACGCTTCTGGAAGAC CGCATCCTCACTACCCGCAACGGGCACACCACTTCGACCACCCAGT CGAGTGTGGGAGTC 
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-3 +l +10 +20 +30 
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CGGACACAAACCACTACTACTGGGGAGTCCGCAGACCCTGTCACCAC CACCGTGGAGAACTACGGCGGTGATACACAAGTCCAGAGACGTCACCACACGGACGTCGGCTTCAT TATGGACCGATTTGTG 
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Fig.3 Nucleotide and amino acid sequences at the junctions of the regions coding for the major capsid proteins. The nucleotide sequence of the 
positive strand of pFA76 was determined?! and used to deduce amino acid sequences in three regions (a, b and c ; Fig. 1). The boundaries of the 
putative coding regions (|) were set as described in the text. The amino acids are numbered from the amino-terminus of VP2, VP3 and VP1 ina, b 
and c, respectively. The published carboxy-terminal sequences (COOH) are from ref. 22; the published amino-terminal sequences (NH,) from 
ref, 23 (type O;x) and ref. 24 (types A12, Op and Car). The underlined residues indicate homology between the Aig sequence and the published 
data (ambiguities in the published amino-terminal sequences of VP1 are assumed to conform, where possible, to the consensus sequence). 


The limited comparisons presented in Fig. 3 are consistent with 
this hypothesis: the sequence (Thr-Gin) which immediately 
precedes the amino terminus of VP1, is very similar to the 
published carboxy terminus of VP3 (Ser-Gln) from a different 
strain; the difference (Thr rather than Ser) is conservative with 
respect to charge and hydrophobicity. As the comparison for the 
carboxy terminus of VP2 is limited to only one residue (albeit 
identical with the published datum) and there are no compara- 
tive data for VP4, a definite conclusion on the contiguity of the 
structural polypeptides in p88 must await more extensive 
peptide analysis. Nevertheless, it is clear that the amino acid 
sequences at three proteolytic cleavage sites within p88 differ in 
both the type and identity of the amino acids. 

VP1 purified from chemically disrupted virus particles has 
been shown to elicit low levels of neutralizing antibody in pigs 
and guinea pigs and to protect pigs against the disease***’. An 
alternative approach to producing a vaccine therefore might be 
to prepare VP1 from genetically manipulated microorganisms. 
The recombinant pFA76 contains the sequence encoding all of 
p88 plus part of both p20 and p52. Such a plasmid offers the 
option of genetically engineering bacteria so that they synthesize 
all the capsid proteins in one precursor. This may have advan- 
tages over synthesis of VP1 by itself because in the normal 
replication cycle of FMDV, all capsid proteins are synthesized 
via the p88 precursor and this may influence their final con- 
formations and immunological properties. Recombinant clones 
containing the coding sequences of all the capsid proteins, such 
as pFA76 described here, provide a starting point for such 
developments. 

While this manuscript was in preparation we learned of 
ae work being done by Küpper et al.” on FMDV strain 
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Newton unravelled 


AS Voltaire remarked 250 years ago, few 
people read Newton because to do so 
intelligently one must be learned, but 
everybody talks about him. All scientists 
know a little of Newton but few know 
much, nor has it been easy to unravel the 
details of his life and work. For well over a 
century and a half scholars have known 
that Newton left a great mass of manu- 
script material; only over the past 30 years 
has it been studied seriously, transcribed 
and commented upon; and until now the 
standard biography has been that of David 
Brewster, published in 1855. Brewster had 
access to most of the manuscripts but 
though the Royal Society tried to make 
them accessible they were not finally 
deposited, in part, in the Cambridge 
University Library until 1888. No sub- 
sequent biographer utilized them, 
although Louis Trenchard More used and 
partly published some papers retained in 
private possession in his biography of 1934. 

When Professor Westfall began work 20 
years ago on this monumental scientific 
biography, destined to become the 
standard Life for the foreseeable future, he 
knew he must plunge into manuscript 
sources, for only Newton’s Correspon- 
dence was in course of publication. As he 
worked, so the mathematical papers have 
been published in extenso by D.T. 
Whiteside, while many of the papers 
relating to the Principia and Opticks, early 
notebooks, thoughts on the nature of 
matter, selections from his historical, 
theological and alchemical manuscripts 
and numerous minor works have appeared 
with scholarly commentary, creating what 
Westfall, who has himself contributed to 
it, has called ‘*the Newton industry”. 

Never at Rest is an able and thorough 
study of Newton the man and the scientist, 
especially and inevitably the latter who is 
both the more enduring and the better 
documented — almost too well 
documented. Newton was a compulsive 
scribbler: he read pen in hand, taking 
notes, making comments, writing and re- 
writing, analysing, commenting, organiz- 
ing, drafting and redrafting, and seldom or 
never destroying. 

Professor Westfall has worked through 
a great deal of the available manuscript 
material and presents a detailed account — 
careful, clear and judicious. First comes an 
analysis of the intellectual background of 
the day, then Newton’s initiation into it, 
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Isaac Newton, man of many talents 


then his first steps towards original thought 
(in his reaction to Descartes’ philosophical 
position) and his very first attempts at 
mathematics. Soon, leaping over conven- 
tional Euclidean geometry, Newton was 
deep into and going beyond contemporary 
developments in what we call analysis and 
he called ‘‘resolving problems by motion’’ 
(1665) and ‘‘the method of tangents’’, and 
‘analysis by infinite series’’. In 1669, he 
showed a paper on the last subject (De 
analysi) to Isaac Barrow, first Lucasian 
Professor of Mathematics. Barrow 
immediately recognized its worth and when 
John Collins (a mathematical 
newsmonger, remembered for his 





collection of contemporary letters 
published by Rigaud in 1841) sent him a 
new book which touched on series, Barrow 
in return sent De analysi (whence, in fact, 
news of the rising mathematician reached 
the Royal Society and through its 
secretary, Oldenburg, passed to 
Continental mathematicians). Had either 
Barrow or Collins been more adroit, De 
analysi would have been published and 
much later controversy avoided. When 
Barrow soon after resigned his professor- 
ship, Newton succeeded him: Westfall 
agrees with the tradition that Barrow’s 
influence was here paramount. 

Although Newton continued to work on 
and off at mathematics, he lectured on 
optics in which he had been interested for 
some years. The Latin lectures were 
deposited in the University Library as the 
regulations required, to be published only 
posthumously, but they became also Book 
I of the English Opticks in 1704, dealing 
with prismatic phenomena and dispersion. 
Soon Newton was led to the invention of 
the reflecting telescope, and of this, as he 
did not with mathematics, he wrote and 
spoke freely. The Royal Society learned of 
it in December 1671, elected him a Fellow, 
and with his permission both published an 
account and sent a written description to 
the Continent. Soon Oldenburg tactfully 
extracted Newton’s first optical paper, 
with permission to publish it in the 
Philosophical Transactions. Although the 
Society praised the paper, it was by no 
means universally approved: Hooke, the 
Society’s Curator of Experiments, an 


: established scientist whose views Newton 
> had earlier studied in Micrographia (1665), 


was acrimoniously and rudely critical; 
from Paris, Pardies (later a convert) and 
Huygens were politely so. Newton 
patiently answered their objections and in 
1675, in the midst of controversy with the 
English Jesuits at Liége, sent his 
‘*Hypothesis on light and colours’’, whose 
publication he did not then permit. Yet he 
never blamed Oldenburg; indeed, after the 
latter’s death in 1677, Newton told Hooke 
that he intended to publish his optical 
papers as Oldenburg had desired. Some 
sheets were printed, but the book never 
appeared — Westfall believes because of 
accidental destruction by fire. 
Meanwhile Newton’s interest was 
elsewhere — in chemistry or alchemy, an 
interest first aroused by his reading of 


Senses 
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Boyle, and then increasingly by the avid 
study of the vast literature of alchemy, on 
which he made incredibly extensive notes. 
He was an able experimenter, so much his 
notebooks reveal. There is no doubt that he 
thought alchemists rational, and believed 
that their strange language could be 
mastered. Evidently he believed that he 
understood alchemical symbolism; unfor- 
tunately he never translated it, and the key 
to his experimental programme is thus lost. 
Westfall believes that Newton’s theory of 
attractive force was the outcome of this 
work — a debatable view. Newton never 
completed any papers on chemistry, and 
only one fragment was published in his life- 
time, an incomplete theory of acids in the 
Lexicon technicum (1710) of John Harris. 
(Westfall unaccountably overlooked this 
publication, though he knew of other con- 
temporary copies.) Many of Newton’s 
views appear in drafts for a conclusion to 
the Principia, and were added to the 
Queries in Opticks in 1706 and 1710, in 
abbreviated form. At this time Newton 
also turned to theology, seeking for 
“primitive” Christianity and becoming a 
convinced; though secret, Arian. 

But during these years he continued to 
work occasionally on mathematical and 
mechanical problems. Thus it is not very 
surprising that he could readily rise to 
Halley’s challenge in 1684, to take up the 
problem of the Solar System in deep 
mathematical detail and produce, first a 
treatise De motu and then, under the Royal 
Society’s encouraging praise and Halley’s 
tactful prodding, the triumph of the 
Principia (1687). Westfall discusses the 
development of the work at some length, 
though there is more detail in the later 
chapter on Newton’s revisions for the 
seconc edition (1713), when Newton was 
still working on major problems in old age, 
though less brilliantly. 

With the publication of the Principia, 
whose importance was universally 
recognized, Newton’s productive scientific 
life came near to an end. Perhaps, at 45, he 
knew it; at any rate, like many scientists he 
turned to other things. He was active in 
university affairs in 1688 and Member of 
Parliament for the University. He began to 
look for outside preferment, which he did 
not at once find. He suffered a brief mental 
breakdown in 1693. Westfall, totally 
rejecting Manuel’s Freudian inter- 
pretation, for sound reasons, and equally 
the recent suggestion of mercury poison- 
ing, ascribes it to a complex variety of 
factors, not least the mental exhaustion 
produced by the creative achievement of 
the Principia. Newton recovered, secured 
his job in London in 1696 as Warden (and 
later Master) of the Mint, and filled the 
posts with energy and distinction. In 1703 
he became President of the Royal Society, 
here also showing both administrative 
ability and energetic dominance. 
Inevitably, he embarked on no new scien- 
tific work, although even in his seventies he 
was still capable of skilful application when 


stimulated. He put Opticks into print, and 
revised it. He worked with Cotes on the 
second edition of the Principia from 1709 
to 1713, while still busy at the Mint, and 
actively engaged in the vituperative dispute 
with Leibniz over the invention of the 
calculus. (Each refused to believe that the 
other had independently developed it, and 
each was driven on by hot-headed 
disciples.) The consequences of Newton’s 
earlier failure to publish came home to 
roost. In extreme old age he turned again to 
theology, and to Biblical chronology; as 
with alchemy he sought reason and logic in 
mystical writings. He became the leading 
scientist of the first quarter of the 
eighteenth century, dominating optics, 
mechanics and mathematical astronomy, 
only the new mathematics owed nothing to 
him. 

What of Newton the man? The 
biographical details are meticulously set 
out here as far as they exist: his family 
origins, his relations, his schooling, his life 
at Cambridge and in London. I find 
Westfall less successful in reconstructing 
Newton the man than Newton the scientist, 
whom he clearly prefers. Many of 
Newton’s less agreeable characteristics 
were common in his day: his reluctance to 
publish and jealously over priority were 
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shared by Huygens, as well as by many 
others. Was he really so isolated at 
Cambridge as tradition suggests? He got 
preferment early, and all his life he 
attracted and kept the loyalty of many 
young men. In the priority dispute he seems 
pathologically paranoiac; so does Leibniz; 
neither was attractive. In his old age 
Newton was clearly domineering, easily 
provoked to anger, impatient of lesser 
minds, vain and unjust to adversaries — he 
was never Voltaire’s passionless hero. But 
neither was he totally and disagreeably 
ungenerous in his dealing with others, 
especially in his prime. 

Never at Rest will be warmly welcomed 
by Newton scholars, although they will 
inevitably dispute some points. (Some may 
feel that Westfall in sticking so close to 
manuscript sources has been less than 
generous to earlier labourers.) The book is 
not easy going, but it provides a masterly, 
well-documented summary of 
contemporary views of all the many facets 
of Newton’s astoundingly wide-ranging 
career which will be novel to all but the 
specialist, and will be essential reading for 
aspiring Newtonian scholars. C) 
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America and China: lessons from the past 


Douglas P. Murray 


American Science and Modern China 
1876-1936. By Peter Buck. Pp.283. ISBN 
0-521-22744-5. (Cambridge University 
Press: 1980.) £15, $24.95. 


THE recent and rapid embrace of 
Americans and Chinese has proceeded with 
little reflection on the troubled history of 
their cultural interactions. Inherent in this 
heavy but rewarding book is a call for 
caution lest we be fated ‘‘to repeat else- 
where the failure of American science in 
modern China’’. Not only elsewhere, but 
perhaps again in China itself. 

Although Peter Buck describes his book 
as ‘‘an essay in comparative history”, he is 
concerned far less with comparison than 
with the interaction of two societies that 
seemed destined to miss each other. He 
analyses the motives, problems and impact 
of those pioneers of modern science 
involved in the cross-cultural transmission 
of ideas and institutions during the late 
nineteenth and early twentieth century. 
Their failure is Buck’s fundamental thesis, 
judged upon the stated goals of America’s 
scientific missionaries and the view that 
modern science through the 1930s 
remained ‘‘wholly marginal to Chinese 
life’’. Yet in the sweep of his complex social 
history the criteria for what might have 
been success remain obscure; the legacy of 
American science that clearly is influencing 


the People’s Republic of China today is 
generally ignored. 

As reflected in 25 pages of footnotes, the 
volume is meticulously researched, 
drawing liberally from, but not 
duplicating, the important work of other 
recent analysts of the West’s educational 
impact in China. Buck’s focus is somewhat 
different and original: the ‘‘transfer of 
scientific ideas and institutions to China 
primarily for what it shows about the 
United States, and only secondarily 
because of its bearing on Chinese scientific 
development”’ (p.1). 

In a brief introduction, Buck assesses 
our own nineteenth-century debates about 
the proper role and social power of science 
and medicine, and his first chapter traces 
how these conceptions were developed and 
then acted out in China through medical 
missionaries. Chapters 3 and 4 focus, 
respectively, on the subsequent evolution 
of “laboratory science” (seen by one writer 
of the time as a “‘retreat . . . far removed 
from the strife of sects or wayward 
passions of the day’’) and its expression in 
the China Medical Board and Boxer 
Indemnity Scholarship program, and on 
the social origins and orientations of the 
US-trained scholars who in 1914 founded 
the Science Society of China. 

Buck then returns to the United States to 
investigate the role of Cornell University 
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which by 1910 was, with Harvard, 
‘enrolling more Chinese than any other 
merican college’? and, indeed, was the 
iplace of the Science Society of China. 
As in the preceding chapter, the author- 
historian turns sociologist and here covers 
the most interesting ground. Viewing the 
development of American science in the 
context of a society undergoing industrial- 
ization, he demonstrates how Chinese were 
_ trained in the US fora world that would not 
exist for them at home and how “‘in formu- 
lating their plans for scientific develop- 
~ ment; the Science Society’s leaders filtered 
out much of the social content with which 
American scientists had invested their 
images of research and laboratory science’? 
(p.164). But, for Buck’s purposes, the more 
critical point comes later, in Chapter 6: 
the result only further underscored how 
thoroughly interpretations -of these ideals 
varied, even in the United States ... In 
industrial America, Chinese scientists saw 
integration and order, whereas in reality there 
was intense conflict and turmoil ... their 
‘image of American industrialization owed 
more to the ideals of American scientists than 
to the actual American experience (p.206). 
American conceptions of science tended to 
reach China after they already had changed 
or been challenged at home. 

In a concluding chapter covering the 

1920s and 1930s, Buck reviews the belated 
awakening of China’s scientists to their 
dilemmas both in making science socially 
relevant a coming to terms with the 
growing d ppointments of their 
American benefactors. Yet, ironically, 
Chinese scholars also. were becoming 
“progressively more convinced that the 
proper audience for their scientific work 
lay outside their country’’, with the 
international community (p.224). Making 
a rare link to more recent times, the author 
notes Mao Zedong’s complaint about the 
behaviour of China’s scientists before 
1949: 
He- understood that they were not hostile or 
indifferent to the Chinese revolution, but 
from his perspective their enthusiasm for 
science involved a distinctive evasion of 
reality; [they mistakenly] ‘stayed away from 
politics’ (p.231). 

Buck suggests a similar message for the 
West: detached from social context and 
public purpose, the best of science can be 
irrelevant Our experience with China is the 
‘tapestry on which his message is woven. 

In principle, this book should be 
required. reading for all in the West now 
involved in or contemplating academic or 
technica} cooperation with the PRC. 
Unfortunately, in practice it probably will 
appeal-to a limited audience of scholars — 
those partial to the complex argumentation 
> of an historian—-philosopher whose com- 
<: mitment to grand concepts, intellectual 

rigour and direct quotation from a myriad 
of sources often makes the story hard to 
follow, or atleast to enjoy. E 
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Yves Farge 


Synchrotron Radiation Research. Edited 
by Herman Winick and S. Doniach. 
Pp.754. ISBN 0-306-403-63-3. (Plenum: 
1980.) £40.95, $65. 





THE past decade has seen an exponential 
growth in the use of synchrotron radiation 
—- emitted by relativistic electrons in the 
bending magnets of storage rings — as an 
experimental probe. A consequence of this 
rapid advance is that, as in so many other 
fields, a book on the subject is already 
dated by the time it appears; this volume is 
no exception. Many of the 22 contributions 
will appear obsolete to the specialist, yet 
they do give a clear view of progress in 
synchrotron radiation research and of how 
its application is spreading from physics 
into chemistry, biology and applied sciences. 

The first and last contributions are 
devoted to a discussion of how photons are 
generated by electrons passing through 
bending magnets. This radiation can range 
in wavelength from infrared to X-rays, is of 
very high intensity and its pulsed form can 
be used. Other advanced ideas, such as the 
use of wiggler or undulator magnets, which 
are now being tested on storage rings, and 
the development of a free-electron laser 
using undulators on these machines, are 
also discussed. In the remainder of the first 
part of the book, vacuum, ultraviolet and 
soft X-ray experiments on atoms, 
molecules and solids are considered; topics 
covered include absorption, fluorescence 
(radiative lifetimes and time-resolved 
spectroscopy) and photoelectron 
spectroscopy. These chapters give the 
reader a good view of the different kinds of 
electronic excitations which can be 
observed in such systems. One flaw, 
however, is that the chapter on 
photoelectron spectroscopy in solids is 
incomplete in that angle-resolved analysis 
of photoelectron spectra is largely ignored; 
even in 1978, from when most of the con- 
tributions date, this technique was known 
to be an important tool for band-structure 
determination in solids. 

Of the later contributions, those on 
X-ray absorption spectroscopy are particu- 
larly good: Kronig’s oscillations or EXAFS 
can provide useful structural information 
about a specific chemical element in 
inorganic as well as organic or biological 
samples. For example, study of the detailed 
structures of absorption edges reveals 
information about ionicity and 
coordination of the absorbing element. 

The chapters on X-ray scattering provide 
an introduction to a field which was in its 
infancy at the time of writing (small-angle 
X-ray scattering, protein crystallography); 
they are mainly concerned with biological 
applications. Discussions of various 
applications, such as topography, X-ray 
fluorescence analysis, X-ray imaging and 
microscopy, complete the book. 


Catching up with synchrotron radiation 


1 


This volume will be useful to non- 
specialists, as well as those already using 
synchrotron radiation in their research. 
One drawback is that work carried out at 
Stanford is emphasized at the expense of 
that performed in Europe, the USSR and 
Japan. However, the book clearly 
illustrates the revolutionary implications 
of the introduction of the technique into 
the natural sciences and is a cogent 
argument for the need for new machines 
designed specifically for the production of 
synchrotron radiation, some of which are 
under construction in several countries. C 
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Reactions on a leash 
Johannes Meienhofer 


Polymer-Supported Reactions in Organic 
Synthesis. Edited by P. Hodge and D.C. 
Sherrington. Pp.484. ISBN 0471-277-12-6. 
(Wiley: 1980.) £29.50, $88. 


SOLID-PHASE synthesis of peptides and, 
recently, of oligonucleotides has received 
widespread attention, due in part to the 
interesting biological activities of these 
substances. Somewhat less notice has been 
given to the development of an impressive 
variety of polymer-supported organic 
chemical reactions in which a reagent, a 
catalyst or a substrate is attached to a 
polymer. There was a need to gather all 
aspects of polymer-supported organic 
synthesis into one volume, a task that the 
editors have accomplished admirably. A 
multitude of interesting reactions in many 
areas of chemistry is presented in 10 
chapters, each written by an expert. 

The opening contribution by D.C. 
Sherrington provides the reader (including 
the novice) with a solid base for under- 
standing both the nature and the potentials 
of solid-support systems, in particular of 
the polystyrene type. P. Hodge then con- 
siders polymer-supported reagents. 
Oxidations, reductions and substitution 
reactions, condensing and acylating 
systems, solid phase ylids and 
organometallic reagents are presented. The 
large amounts of data are clearly organized 
in 42 well-designed tables and discussions 

of reaction mechanisms are aided by 
many schemes, equations and structures. 

Sherrington discusses catalysis by 10n- 
exchange resins and related materials, 
including a survey of transfer catalysis. 
Opportunities and constraints of catalysis 


axentes na 


o a stnnttnetettttetiintinnatintnetttnneentanttitntetaectt 


pa mera mere = ee 
im lip Naar np attra aA AAACN BLL ORAL RA a a ie errant irene all AancsAsdntepepdy kr EEAS TRAM hn evn rata hip pr pp re 


by enzyme-like polymers are covered by T. 
Kunitake, and those of transition metals by 
C.V. Pittman Jr. Chapter 6, on synthesis 
using polymer-supported protecting 
groups, by J.M.J. Fréchet, includes 
asymmetric synthesis and preparation of 
alkaloids, unsymmetrical carotenoids and 
other interesting syntheses. A sober and 
thorough assessment of the present scope 
and limitations of polymer-supported 
synthesis in general concludes this chapter. 
The contributions of J.M. Stewart, Fréchet 
and M.J. Gait describe solid-phase 
synthesis of peptides, oligosaccharides and 
oligonucleotides, respectively. Although 
the peptide and nucleotide topics have been 
reviewed frequently and in more detail else- 
where, these three skilfully prepared 
chapters are well worth reading. Solid- 


Of plants and pathogens 


al ohn Friend 

Pia Disease: An Advanced Treatise. Vol. 
5, How Plants Defend Themselves. Edited 
by James G. Horsfall and Ellis B. Cowling. 
Pp.534. ISBN 12-356-4050. (Academic: 
1980.) £27.80, $49.50. 
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PLANTS have a range of natural defences 
which enable them to grow successfully 
and produce healthy crops despite the 
widespread presence of many potential 
pathogens. These resistance mechanisms 
have had an impact on plant evolution and 
further understanding of the processes is 
required in order that the mechanisms can 
be utilized and adapted by plant breeders 
and agronomists to improve crop pro- 
duction and yield. 

in How Plants Defend Themselves, the 
final volume of a multi-author treatise on 
plant disease, the various ways in which 
plants resist disease are covered in 23 
chapters. The early sections cover well- 
documented resistance phenomena such as 
escape from, and tolerance to, disease. 

Later contributions deal with preformed 
barriers to attack, both physical and 
chemical. Physical barriers may be 
external, such as specialized types of plant 
surfaces and their coverings, or internal, 
including suberized and lignified tissues, 
gums, resins and silica. Preformed 
defensive chemicals include relatively 
simple compounds exuded from roots and 
specific antifungal and antibacterial 
compounds, often of chemotaxonomic 
interest, present inside the plants. 

Considerable effort is now being 
expended on research into active 
mechanisms of plant resistance to 
pathogens, a topic which is covered in 
considerable depth in the book. 
Recognition and compatibility between 
host and parasite which are the most 
important initial events are surveyed in 
detail by Sequeira, who pays particular 
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phase oligosaccharide synthesis still needs 
much work to become competitive. Com- 
pleting the main text is another chapter by 
Hodge, on various applications of 
polymer-supported species. Rounding off 
the book is an appendix which provides 
experimental guidance on the art of 
suspension polymerization, and on 
chemical modification of polymers. | 

This useful book gives thorough atten- 
tion to detail and provides a wealth of 
clearly drawn illustrations. Research into 
polymer-supported reactions is a young 
and growing enterprise. This book should 
certainly further its development. 2 
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attention to the possible functions of 
lectins, polysaccharides and lipopoly- 
saccharides. Kiraly reviews hypersen- 
sitivity with particular reference to his own 
recent experiments, and concludes that it is 
not necessarily the cause of resistance but 
probably a result of stress that develops in 
incompatible host-parasite combinations. 
Following a review of active formation of 
physical barriers by Beckman, Cruick- 
shank provides a thoughtful review of the 
phytoalexin concept and the possible roles 
of phytoalexins in disease resistance. 
However, the highlight of the book is a 
series of five chapters on acquired 
immunity to a second attempted invasion 
triggered by an initial infection by viruses, 
bacteria, fungi, nematodes and insects. In 
the main these chapters are descriptive, but 
the two on viruses and bacteria discuss 
possible mechanisms for this type of 
resistance which could involve alterations 
in nucleic acid and protein metabolism. 
The phenomena are of great importance 
for an understanding of resistance 
mechanisms and may also have practical 
application in the design of new fungicides. 
The book is an excellent summary of the 
most recent work on plant disease 
resistance. It can be criticized because it 
under-emphasizes the stimulus given by 
plant pathologists to research on the 
biochemistry and physiology of healthy 
plants; nevertheless, the reader should 
realize that the editors deliberately tried to 
produce a series in which the authors would 
write reflective articles examining the 
future of research on plant disease. Despite 
the rather anthropomorphic chapter 
headings and the idiosyncratic suggestion 
that plant resistance is analogous to the 
defence of a mediaeval castle, this editorial 
policy has been successful. E 
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Natural History Manuscript Resources in 
the British Isles. Compiled by G.D.R. 
Bridson et al. Pp.473. ISBN 0-7201-1559 
-0. (Mansell, London/Bowker, New York: 
1980.) £97. 













EVER since the establishment and 
consolidation of local government | 


authorities in the nineteenth century, 


archive material has been preserved in pro- 
vincial record offices, public libraries and” 
civic universities on an increasing but un- 


coordinated basis. Successive parlia- 
mentary acts have expanded the list of 
official repositories for public documents, 
most of which are held either in a record 
office under the jurisdiction of the chief 
executive (formerly the town clerk) or in a 


public library under the control of the 
librarian. The scattering of archives 
between public libraries, record offices, | 


museums, local societies, professional’ 


institutions and universities is inevitable 


given the varied sources. generating them. 


and the diversity of the parties. interested in 
studying them. That the reform of local 
government in 1974 failed to clarify the 
relationship between the record office and 
public library is hardly surprising. That 
there should be some rivalry between civic 
universities and public libraries over the 









important ‘problem is that of 
inquirer in his h for source material. 

La number of initiatives 
to offer such guidance and to stimulate the 
formation of collaborative policy for depo- 
sition. The Commission on Historical 






Manuscripts, which celebrated its 
centenary in 1969, has played an invaluable 


role through the National Register of 
Archives which was established in 1949. Of 
particular importance for the history of 
science is the work of the Contemporary 
Scientific Archives Centre at Oxford. 

The initiative for the present work goes 
back to the 1960s when D.E. Allen, R.H. 
Ellis and others formulated an ambitious 
plan to conduct a major search of the 


country’s archives which relate to natural « 


history. In the event adequate funds were — 


not forthcoming and a more modest survey 
was undertaken by Bridson, Phillips and 
Harvey. They are to be congratulated for 
the extent and the detail of their book. 
There have always been close links between 
botany, zoology and natural his.ary. Since 
the beginning of this century exper 
biology has distanced itself from t} 
of the naturalists, but for most of the 
period covered by this survey students 
should find this book an aid to research. 
The only regret is that the authors. were 
unable to include the extensive collections 
of the Public Record Office at Kew. j 
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